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ABSTRACT
Malignant tumors remain one of the leading causes of mortality worldwide, highlighting the urgent need to develop novel and 
effective therapeutic strategies. In recent years, the scientific community has actively pursued agents that combine high ef-
ficacy with minimal adverse effects and offer the potential to induce complete remission. In this context, berberine is a natural 
phytochemical derived from various Berberis species. It has garnered considerable interest due to its diverse pharmacological 
properties. Berberine, known as a nutraceutical, exhibits a broad spectrum of biological activity, including anti-inflammatory, 
antioxidant, and antitumor effects. In vitro and in vivo studies have shown that berberine exerts inhibitory activity against 
several cancer types, including breast, lung, liver, and colorectal cancers. Its antitumor properties are associated with several 
key molecular mechanisms through which it exerts effects on tumor cells. This review provides a detailed overview of the mo-
lecular pathways through which the antitumor effects of berberine are mediated. In particular, berberine activates the caspase 
cascade, leading to the induction of apoptosis in tumor cells, and inhibits cell proliferation by blocking key signaling pathways 
such as PI3K/Akt/mTOR. It also modulates the expression of genes involved in cell migration and invasion, including matrix me-
talloproteinases and E-cadherin, highlighting its potential as a promising therapeutic candidate. Additionally, berberine’s anti-
inflammatory effects may contribute to cancer prevention by protecting cells from oxidative stress and chronic inflammation 
associated with tumor development. These pharmacological properties make berberine a promising agent for further inves-
tigation and clinical application, both as monotherapy and in combination with standard anticancer therapies. Thus, berberine 
represents a promising subject for further investigation of its molecular mechanisms of action and potential use in oncology, 
which may lead to the development of more effective and safer therapeutic strategies for patients with malignant tumors.
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Молекулярные механизмы влияния берберина 
на опухолевые клетки
С.В. Тимофеева, Е.Ю. Златник, Л.Н. Ващенко, Я.С. Енин, Е.М. Непомнящая
Национальный медицинский исследовательский центр онкологии, г. Ростов-на-Дону, Россия

АННОТАЦИЯ
Злокачественные опухоли остаются одной из основных причин смертности во всём мире, что подчёркивает необхо-
димость разработки новых и эффективных терапевтических стратегий для их лечения. В последние годы научное со-
общество активно занимается поиском лекарственных средств с минимальными нежелательными явлениями и высо-
кой эффективностью, которые могут привести к полной ремиссии у пациентов. В этом контексте берберин, природный 
фитохимический компонент, получаемый из различных видов барбариса, привлекает всё большее внимание благодаря 
своим многообразным фармакологическим свойствам. Берберин, известный как нутрицевтик, демонстрирует широкий 
спектр биологической активности, включая противовоспалительные, антиоксидантные и противоопухолевые эффекты. 
Исследования in vitro и in vivo показали, что берберин обладает ингибирующим действием на несколько типов рака, 
включая рак молочной железы, лёгких, печени и кишечника. Его противоопухолевые свойства связаны с нескольки-
ми ключевыми молекулярными механизмами, через которые он воздействует на опухолевые клетки. В данном обзоре 
мы подробно рассмотрели различные молекулярные пути, через регуляцию которых опосредованы противоопухолевые 
эффекты берберина. В частности, берберин активирует каспазный каскад, что приводит к индукции апоптоза в опухоле-
вых клетках, а также ингибирует пролиферацию клеток, блокируя ключевые сигнальные пути, такие как PI3K/Akt/mTOR. 
Кроме того, берберин модулирует экспрессию генов, связанных с клеточной миграцией и инвазией, включая матриксные 
металлопротеиназы и E-cadherin, что делает его многообещающим кандидатом для разработки новых терапевтических 
подходов. Также стоит отметить, что берберин обладает противовоспалительными свойствами, что может способствовать 
предотвращению канцерогенеза, защищая клетки от окислительного стресса и воспалительных процессов, связанных 
с развитием рака. Эти свойства делают берберин перспективным средством для дальнейших исследований и клиниче-
ского применения как в качестве монотерапии, так и в комбинации с другими противоопухолевыми препаратами. Таким 
образом, берберин представляет собой интересный объект для дальнейшего изучения его молекулярных механизмов 
действия и потенциала использования в онкологии, что может привести к созданию более эффективных и безопасных 
терапевтических стратегий для пациентов со злокачественными опухолями.
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BACKGROUND
Over the years, despite the improvement in the prognosis for 
patients with cancer treated with modern therapies, cancer 
remains a leading cause of mortality worldwide [1–3]. Che-
motherapy, surgery, and radiotherapy are the most common 
modern cancer treatment methods. Advances in molecu-
lar biology, genetics, and immunology have led to the under-
standing of the molecular mechanisms involved in cancer de-
velopment, which has resulted in the development of new 
treatment methods such as gene therapy, targeted therapy, 
and immunotherapy [4].

Compounds that can act on several targets can be used 
as an alternative to drugs that target a defined target, having 
 fewer side effects and being effective against different tumors 
[5, 6]. These include several plant-based products that attract 
increased interest [7]. According to recent literature, various 
plant-based compounds play a crucial role in inhibiting pro-
teins, enzymes, and signaling pathways of tumor cells, such as 
alkaloids, flavonoids, lignans, saponins, terpenes, taxanes, and 
other primary or secondary plant metabolites (SPMs) [8–10].

Clinical studies are being conducted to assess the poten-
tial effect of alkaloids when they are included in the treat-
ment of patients with cancer (ClinicalTrials.gov NCT03281096, 
NCT03333265, NCT02226185, and NCT03486496).

Berberine—an SPM and natural isoquinoline alkaloid ob-
tained from various plants—has attracted considerable at-
tention from several authors. It was found in the rhizome 
of Coptidis and in many species of Berberis (Berberis aqui-
folium, Berberis vulgaris L., and Berberis aristata DC), Cop-
tis (Coptis chinesis Franch. and Coptis japonica Makino), 
and Hydrastis (Hydrastis canadensis L.) [11, 12]. Berberine is 
a benzyltetraisoquinoline alkaloid and a derivative of 5,6-di-
hydro-dibenzo[a,g]quinolizinium with the chemical formula 
C20H18NO4+. In vivo experiments showed that berberine un-
dergo rapid metabolism, resulting in the formation of over 
20 metabolites in the body [13]. Current studies have evalu-
ated berberine in hypertension, coronary heart disease, gas-
troenteritis, hyperlipidemia, fatty liver disease, obesity, dia-
betes, metabolic syndrome, polycystic ovary disease, and 

Alzhei mer’s disease [14–16]. Recent in vitro studies have re-
vealed the cytotoxic effect of berberine by inhibiting tumor cell 
migration and proliferation through induction of apoptosis and 
cell cycle arrest [17–20].

Based on a review of modern publications, the present 
study presents the processes that are significant for carcino-
genesis and tumor growth and affected by berberine (Fig. 1).

The antitumor properties of berberine can be associated 
with its anti-inflammatory effect, inhibition of angiogenesis, 
metastasis, invasion, induction of apoptosis and autophagy, 
and elimination of drug resistance [21–23].

ANTI-INFLAMMATORY EFFECT 
OF BERBERINE
During inflammation, the tumor microenvironment is charac-
terized by an influx of immune cells, including macrophages, 
neutrophils, and lymphocytes, which release inflammato-
ry mediators that promote tumor cell proliferation, survival, 
and migration [24]. Moreover, the inflammatory environment 
can induce genetic changes that lead to tumor progression 
and trigger NF-κB, STAT3, and COX-2 signaling pathways 
[25]. These pathways regulate the expression of genes in-
volved in cell proliferation and angiogenesis. Berberine can 
inhibit the transcription of IL-1, IL-6, IL-8, IL-17, and TNF-α 
genes by regulating NF-κB, MAPK, and PPAR signaling path-
ways. These factors contribute to the development of inflam-
mation and tumor progression. By reducing the levels of the 
inflammatory proteins IL-1, IL-6, and TNF-α, berberine can 
create an environment that is less favorable for tumor growth 
and survival [26]. In 2019, Luo et al. investigated the mecha-
nisms and therapeutic prospects of berberine in mice with he-
patocellular carcinoma and found that berberine reduced the 
incidence of tumors. The study showed that berberine sup-
pressed the expression of genes associated with lipogene-
sis, inflammation, fibrosis, angiogenesis, p38MAPK and ERK 
phosphorylation, and COX2 expression, reducing hepatocellu-
lar carcinoma cells proliferation [27].

INHIBITION OF ANGIOGENESIS
Angiogenesis is the development of new blood vessels 
through the migration, growth, and differentiation of endothe-
lial cells that line the inner walls of blood vessels [28]. Ma-
trix metalloproteinases (MMPs) are crucial in tumor angioge-
nesis, with MMP-2 promoting endothelial cell migration and 
MMP-9 and other metalloproteinases promoting vascular en-
dothelial growth factor (VEGF) expression [29].

When B16F-10 melanoma cells were treated with berbe-
rine, tumor cell metastasis slowed down through the effect of 
berberine on MMP-2 and MMP-9-mediated angiogenesis, as 
well as the proliferation of various tumor cell types through 
downregulation of transcription factors such as VEGF [30].Fig. 1. Some mechanisms of berberine influence on tumor growth.
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Fig. 2. Proapoptotic effect of berberine. APAF-1, apoptotic protease-activating factor 1; Bak, BCL-2 homologous antagonist/killer; Bax, X-
associated with BCL2; BCL-2, B-cell lymphoma protein family; BCL-XL, BCL-2 homolog; BIM, BCL-2-like protein 11; Ca2+, calcium ion; ER, 
endoplasmic reticulum; JNK, c-Jun N-terminal kinase; MMP, mitochondrial membrane potential; PUMA, p53-activated apoptosis modula-
tor; ROS, reactive oxygen species; XAF1, XIAP-associated factor 1.

EFFECT OF BERBERINE ON APOPTOSIS
Apoptosis involves the activation of a sequence of molecular 
interactions that cause cell death [31]. In tumor cells, berbe-
rine can induce cell death by activating intrinsic and extrinsic 
apoptotic pathways [32]. Activation of the extrinsic apoptotic 
pathway is mediated by the induction of Fas (a member of the 
tumor necrosis factor receptor superfamily) and subsequent 
cleavage of caspase-8, caspase-9, and caspase-3 [33]. More-
over, berberine altered the mitochondrial membrane potential 
through stimulating cytochrome C release from the mitochon-
dria and inhibiting the expression of the antiapoptotic proteins 
BCL-2 and BCL-XL. In turn, the release of cytochrome C trig-
gers caspase activation, which eventually leads to apoptosis. 
Additionally, berberine can promote the formation of reactive 
oxygen species (ROS), resulting in the activation of ER protein 
in response to stress [34]. Chen et al. and Yip et al. showed that 
berberine induced apoptosis in non-small cell lung cancer and 
liver cancer cells by activating procaspase-9 and its effector 
caspases, namely, procaspase-3 and procaspase-7 [35, 36].

Agnarelli et al. studied caspase expression in MIA PaCa-2 
pancreatic adenocarcinoma cells and U343 glioblastoma cells 
treated with 50 μM of berberine for 48 h and found differ-
ing effects depending on the cell line: caspase-3 activity de-
creased in U343 cells and increased in MIA PaCa-2 cells [37]. 
Moreover, treatment of HCT-15 colorectal adenocarcinoma 
cell line with berberine increased the expression of spliced 

caspase-3 and Bax, which significantly decreased BCL-2 ex-
pression and caused apoptosis (Fig. 2) [37].

Fig. 2 shows that the activation of the extrinsic apopto-
tic pathway is related to the induction of FAS expression and 
subsequent cleavage of caspase-8, caspase-9, and cas-
pase-3. When the intrinsic pathway is activated, increased 
ROS production yields more intracellular calcium, which pro-
motes caspase-12 activation and influences the expression of 
BCL-2 family proteins. Furthermore, berberine can alter mito-
chondrial membrane potential, thus stimulating the release 
of cytochrome C from the mitochondria and inhibiting the ex-
pression of antiapoptotic proteins BCL-2 and BCL-XL. The 
release of cytochrome C triggers caspase activation, which 
eventually leads to apoptosis.

A study by Li et al. showed that berberine inhibited CD4+ 
T-cell proliferation and suppressed the production of pro-in-
flammatory cytokines TNF-α and IL-1 [38]. Additionally, ac-
cording to Wang et al., berberine suppressed the phospho-
rylation of signal transducer and activator of transcription 1, 
inhibiting IDO1 expression caused by IFN-γ [39–42].

Recent studies have shown that berberine exhibited cyto-
toxicity and induced apoptosis in a human leukemia cell line 
[43, 44]. For example, when HL-60 and WEHI-3 acute myeloid 
leukemia cells were treated with berberine, apoptosis was in-
duced by caspase-3 activation and mitochondrial membrane 
depolarization [43, 44]. Moreover, berberine was associated 
with increased ROS levels and decreased MMP expression in 
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both cell lines with a dose-dependent effect. In addition, ber-
berine at 5–60 μM concentrations increased cytochrome C, 
Bax, and Bad levels and decreased BCL-2 levels in both cell 
lines [43, 44].

A study by Liu et al. demonstrated that berberine sup-
pressed the proliferation of the OVCAR3 continuous cell line 
and primary ovarian cancer cell culture in a dose- and time-
dependent manner [45]. The combination of berberine and 
cisplatin revealed a pronounced inhibitory effect on tumor cell 
growth and caused G0/G1 cell cycle arrest in vitro. Further, 
berberine and cisplatin suppressed the expression of proli-
ferating cell nuclear antigen and Ki67 and enhanced the ex-
pression and activation of caspase-3, caspase-8, RIPK3, and 
MLKL [45].

Considering the results of the studies, notably, berberine 
has a potential antitumor effect mediated through the stim-
ulation of intrinsic and extrinsic apoptotic pathways by in-
creasing the expression of the proapoptotic molecules BAX, 
BAD, and BIM and inhibiting the expression of the antiapo-
ptotic molecules BCL-2, resulting in the death of tumor cells.

Table 1. Effect of berberine on autophagy signaling pathways in tumor cell cultures

Tumor Cell line Effect Reference

Liver carcinoma HepG2 Inhibition of mTOR signaling [49]
MHCC97-L GRP 78 increase

ATF6 activation
Pancreatic cancer MIA PaCa-2 Increased Becline-1 and LC3 levels [37]

Autophagosome formation
Colorectal adenocarcinoma HCT-116 GRP 78 increase [49]

DLD1 ATF6 activation
HCT-15 Activation of the p38 signaling pathway [37]

Increased ATG5 and LC3 levels
Glioblastoma U251 Increased AMPK [50]

U87 Inhibition of mTOR signaling
U343 Increased Becline-1 and LC3 levels [37]

Mesothelioma NCI-H2452 Decreased p62 expression [48]
Increased LC3-Il

Leukemia Jurkat Inhibited expression of MDM2 [44]
U937
EU-6 Inhibition of AKT/mTORC1 signaling [43]

SKW-3 Increased LC3-I, LC3-II and Becline-1
Gastric cancer BGC-823 Inhibition of MAPK/mTOR/p70S6K and Akt 

signaling
[51]

Increased LC3-II and Becline-1
Decreased p62 expression

Note: mTOR, mammalian target of rapamycin; GRP78, regulated glucose 78; ATF6, activating transcription factor 6; Becline-1, cellular au-
tophagy system protein; LC3, autophagy marker; ATG5, activating transcription factor 5; AMPK, AMP-activated protein kinase; MDM2, reg-
ulator of p53 degradation; AKT/mTORC1, serine/threonine protein kinase/TORC1 complex, which consists of Kog1, Lst8, and Tco89 proteins 
and may include either TOR1 or TOR2; MAPK/mTOR/p70S6K, mitogen-activated protein kinase/mammalian target of rapamycin/ribosom-
al protein kinase S6; p62, multifunctional protein that binds ubiquitin and regulates activation of the nuclear factor kappa B (NF-kB) signal-
ing pathway.

EFFECT OF BERBERINE ON AUTOPHAGY
Autophagy is an evolutionarily conservative mechanism that 
acts as a form of type II programmed cell death or as cell 
survival under certain conditions [46]. This is a lysosomal 
degradation system, wherein long-lived proteins and non-
functio nal or old organelles are encapsulated in a double-
membrane vesicle (autophagosome) and degraded by lyso-
somal hydrolases under physiological conditions to maintain 
cellular homeostasis [47]. Recently, evidence has emerged 
that auto phagy is crucial in carcinogenesis, tumor growth, 
and tumor growth suppression [21, 31]. A study by Yao et al. 
showed that the cell death rate of NCI-H2452, a human pleu-
ral mesothelioma cell line, treated with 3-MA and berbe-
rine significantly increased compared to that of cells treat-
ed with berberine alone. The expression of LC3-II, a marker 
of autophagy, and the rate of cell death increased in a con-
centration- and exposure-dependent manner with berbe rine. 
Based on these results, Yao et al. hypothesized that ber-
berine induced autophagy could be one of the mechanisms 
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underlying the antitumor activity leading to autophagic cell 
death and used the autophagy inhibitor 3-methyladenine (3-
MA) in vitro to confirm this hypothesis. In the presence of 
berberine and 3-MA, the cell death rate of NCI-H2452 cells 
increased [48]. La et al. reported that berberine exposure on 
colon cancer HCT-116, DLD1, and liver carcinoma HepG2 cell 
lines could induce autophagy [49]. Their findings showed that 
 berberine increased glucose-regulated protein 78 (GRP78) 
levels by suppressing the ubiquitination/proteasomal degra-
dation of GRP78 and stimulation of activating transcription 
factor 6. Moreover, berberine induced autophagy by inhibi-
ting the mTOR signaling pathway and activating Beclin-1 
in MHCC97-L and HepG2 cells.

In another study, berberine was shown to suppress mTOR 
levels and increase AMP -activated protein kinase levels in 
U251 and U87 glioblastoma cells; the authors indicated that 
berberine induced mTOR-dependent autophagy in these cell 
lines [50]. Li et al. showed that berberine prevented colon 
cancer cell proliferation, suppressed epidermal growth factor 
receptor expression, stimulated apoptosis and autophagy via 
the p38 signaling pathway, and reduced the growth of human 
colorectal adenocarcinoma HCT-15 cells [38].

Some studies found that berberine induced time-depen-
dent autophagy in the BGC-823 gastric cancer cell line and in-
hibited the MAPK/mTOR/p70S6 K and Akt pathways, which was 
also associated with the inhibition of culture growth [51]. Fur-
thermore, berberine induced autophagy in the acute lympho-

blastic leukemia cell lines EU-6 and SKW-3b, inhi bited the 
AKT/mTORC1 signaling pathway, and caused cell death [43].

Table 1 summarizes the effects of berberine on the au-
tophagy-related signaling pathways in the cells of various tu-
mor lines.

Based on the presented studies, it can be deduced that 
berberine acted as a potential autophagy modulator and in-
duced or suppressed autophagy in various tumor cell cultures.

EFFECT OF BERBERINE ON INVASION 
AND METASTASIS
Tumor cell invasion and metastasis are key signs of malig-
nant tumors. In patients with malignant tumors, these fac-
tors are the main causes of death [9]. Studies have shown 
that tumor cells can migrate and penetrate into various tis-
sues of the body through the bloodstream or lymphatic sys-
tem, forming new tumors [25, 29, 52]. The extracellular ma-
trix (ECM) functions as a mechanical barrier to cell movement; 
therefore, ECM loss is critical in the metastatic cascade. 
Thus, MMPs can cause degradation of the ECM, in particular 
MMP-3, which controls metastasis, angiogenesis, and inva-
sion ( Table 2) [53, 54].

A study in human tongue squamous cell carcinoma SCC-4 
cells showed that berberine inhibited NF-κB, focal adhe-
sion kinase (FAK), urokinase-type plasminogen activator 
(u-PA), IκB kinase, MMP-2, and MMP-9 and reduced in vitro 

Table 2. Effect of berberine on invasion and metastasis signaling pathways in tumor cell cultures

Tumor Cell line Effect Reference

Tongue squamous cell 
carcinoma

SCC-4 Inhibition of FAK, IKK, NF-KB, uPA, MMP-2, and MMP-9 [55]

Melanoma B16F-10 Stimulation of AMPK signaling [56]
Decreased ERK activity and COX-2 and MMP expression

A375.S2 Inhibition of FAK, RhoA, ROCK1, p-AKT, NF-κB, and uPA [57]
Inhibition of MMP-1 and MMP-13

Chondrosarcoma JJ012 Suppression of integrin αvβ3 by protein kinase C (PKCδ), 
c-Src, and AP-1

[58]

Prostate cancer PC-3 Inhibition of TGF-β-related signaling molecules: BMP7, 
NODAL → inhibition of EMT

[59]

Colorectal adenocarcinoma LOVO Downregulation of the COX-2/PGE2-JAK2/STAT3 signaling 
pathway

[60]
SW620

Gastric carcinoma AGS Inhibition of MMP-3 [61]
SGC7901

Note: AMPK, AMP-activated protein kinase; ERK, extracellular signal-regulated kinase; COX-2, cyclooxygenase 2; MMP, metalloproteinase; 
FAK, focal adhesion kinase; RhoA, transforming protein RhoA, also known as a member of the Ras homolog A family; ROCK1, protein se-
rine/threonine kinase, also known as rho-associated, coiled-coil-containing protein kinase 1; p-AKT, phosphorylated Akt enzyme; NF-κB, 
intracellular signaling pathway whose central component is a transcription factor; uPA, urokinase plasminogen activator, a human serine 
protease; MMP-1, metalloproteinase 1; MMP-13, metalloproteinase 13; TGF-β, transforming growth factor beta; BMP7, bone morphogene-
tic protein 7; NODAL, nodular growth differentiation factor; EMT, epithelial–mesenchymal transition; IKK, IκB kinase; MMP-2, metallopro-
teinase 2; MMP-9, metalloproteinase 9; PKCδ, protein kinase C, delta-type; c-Src, proto-oncogene tyrosine-protein kinase phosphorylates 
specific tyrosine residues in other tyrosine kinases; AP-1, transcription factor activating protein; PGE2, prostaglandin E2; JAK2, Janus ki-
nase 2; STAT3, signal transducer and activator of transcription 3; MMP-3, metalloproteinase 3.
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migration [55]. Hamsa et al. demonstrated the potential anti-
metastatic and anti-invasive effects of berberine using in  vitro 
and in vivo models in C57BL/6 mice with B16F-10 melano-
ma cells. The survival of animals with metastatic tumors in-
creased after berberine administration [56]. The expression 
of various pro- and antimetastatic genes was evaluated after 
berberine administration to understand the mechanism of ac-
tion of berberine in inhibiting lung metastasis at the molecular 
level. Metastasis-induced expression of prometastatic genes 
such as genes encoding MMP, ERK 1/2, prolyl hydroxylase, and 
lysyl oxidase in the lungs was decreased after berberine ad-
ministration, indicating its in vitro antimetastatic activity [56].

In 2018, a study by Hu et al. showed that berberine had 
a strong effect on the inhibition of MMP-3 protein and mRNA 
sequences in SGC7901 and AGS gastric cancer cell cultures. In 
an in vitro experiment using the Transwell method, increased 
levels of berberine were associated with a significantly de-
creased number of invasive and metastasizing gastric can-
cer cells [61].

Berberine caused downregulation of integrin αvβ3 c-Src, 
protein kinase C (PKCδ), and AP-1, demonstrating the sup-
pression of human chondrosarcoma JJ012 cell invasion and 
migration [58]. A similar effect was found in PC-3 prostate 
cancer cells, where berberine inhibited TGF-β-related signal-
ing molecules that induce epithelial–mesenchymal transition, 
such as bone morphogenetic protein 7 and nodular differenti-
ation factor ligand [59].

In another study, berberine inhibited the invasion and me-
tastasis of colorectal cancer cells (i.e., SW620 and LoVo cells) by 
inhibiting the COX-2/PGE2-JAK2/STAT3 signaling pathway [60].

Berberine significantly inhibited the motility, invasion, and 
migration of human melanoma A375.S2 cells by inhibiting me-
tastasis-associated proteins such as ROCK1, FAK, Ras Homo-
log Family Member A (RhoA), NF-κB, and u-PA, which resulted 
in the inhibition of MMP-1 and MMP-13 in vitro [57]. There-
fore, several recent studies showed that berberine inhibits the 
metastatic and migratory potential in the cells of various tu-
mor cultures, affecting p38 MAPK, PPAR, JNK, AKT/mTORC1, 
COX-2/PGE2-JAK2/STAT3, MAPK/mTOR/p70S6K, and NF-
kB signaling pathways and suppressing the action of MMPs.

CONCLUSION
Berberine is a natural isoquinoline alkaloid that can control 
molecular mechanisms in tumor cells through modulating 
signaling pathways involved in proliferation, apoptosis, in-
vasion, metastasis, and autophagy, which substantiates its 
known properties and indicates antitumor properties.

Although the exact mechanism underlying the action of 
berberine as an antitumor agent remains unclear, nonclinical 
studies with the identification of molecular targets are cru-
cial for developing new treatment approaches and establish-
ing berberine’s role in antitumor therapy protocols.

ADDITIONAL INFORMATION
Authors’ contribution. S.V.T.—conceptualization, analysis of lite rary 
sources, creation of a draft, creation of figures for the manuscript; 
E.Yu.Z.—editing the manuscript, general supervision; L.N.V.—edi ting 
the manuscript; Ya.S.E.—resource support for the study; E.M.I.—ap-
proval of the final version of the article. Thereby, all authors made 
a substantial contribution to the conception of the work, acquisition, 
analysis, interpretation of data for the work, drafting and revising the 
work, final approval of the version to be published and agree to be ac-
countable for all aspects of the work.
Funding source. The study was carried out with the financial sup-
port of the state task «Search for natural and synthetic secondary 
plant metabolites with antitumor and immunocorrective properties 
in in vitro and in vivo models» registration number 1240221000 44-2 
of 2024.
Competing interests. The authors declare that they have no com-
peting interests.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Все авторы подтверждают соответствие своего 
авторства международным критериям ICMJE (все авторы внес-
ли существенный вклад в разработку концепции, проведение 
исследования и подготовку статьи, прочли и одобрили финаль-
ную версию перед публикацией). Наибольший вклад распреде-
лён следующим образом: С.В.Т. — концептуализация, анализ ли-
тературных источников, создание черновика, создание рисунков 
для рукописи; Е.Ю.З. — редактирование рукописи, общее руко-
водство; Л.Н.В. — редактирование рукописи; Я.С.Е. — ресурсное 
обеспечение исследования; Е.М.И. — утверждение окончатель-
ного варианта статьи.
Источник финансирования. Исследование выполнено при фи-
нансовой поддержке государственного задания « Поиск нату-
ральных и синтетических вторичных метаболитов растений, об-
ладающих противоопухолевыми и иммунокорригирующими 
свойствами на моделях in vitro и in vivo» (регистрационный 
№ 124022100044-2 от 2024 года).
Конфликт интересов. Авторы декларируют отсутствие явных 
и потенциальных конфликтов интересов, связанных с публика-
цией настоящей статьи.

273
Kazan Medical Journal 2025, Vol. 106, No. 2

DOi: https://doi.org/10.17816/KMJ643366

Reviews



СПИСОК ЛИТЕРАТУРЫ / REFERENCES
1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Can-
cer J Clin. 2024;74(1):12–49. doi: 10.3322/caac.21820 EDN: OOJNAB
2. Ahmedy OA, Kamel MW, Abouelfadl DM, et al. Berberine attenuates 
epithelial mesenchymal transition in bleomycin-induced pulmonary 
fibrosis in mice via activating A2aR and mitigating the SDF-1/CXCR4 
signaling. Life Sci. 2023;322:121665. doi: 10.1016/j.lfs.2023.121665 EDN: 
NGGAXB
3. Kit OI, Gevorkyan YuA, Soldatkina NV, et al. Modern surgical strat-
egies for the treatment of metastatic colorectal cancer (literature 
review). South Russian Journal of Cancer. 2024;5(3):102–110. doi: 
10.37748/2686-9039-2024-5-3-9 EDN: LXYRAY
4. Xia Y, Sun M, Huang H, Jin WL. Drug repurposing for cancer ther-
apy. Signal Transduct Target Ther. 2024;9(1):92. doi: 10.1038/s41392-
024-01808-1 EDN: HSJXHI
5. Allegra S, De Francia S, Turco F, et al. Phytotherapy and Drugs: Can 
Their Interactions Increase Side Effects in Cancer Patients? J Xenobiot. 
2023;13(1):75–89. doi: 10.3390/jox13010007 EDN: OSQVXL
6. Cuevas-Cianca SI, Romero-Castillo C, Gálvez-Romero JL, et al. 
Antioxidant and Anti-Inflammatory Compounds from Edible Plants 
with Anti-Cancer Activity and Their Potential Use as Drugs. Molecules. 
2023;28(3):1488. doi: 10.3390/molecules28031488 EDN: TNNNGD
7. Zlatnik EYu, Sagakyants AB, Nepomnyashchaya EM, et al. Possibil-
ities of using secondary plant metabolites as antitumor agents. Ka-
zan Medical Journal. 2024;105(5):813–824. doi: 10.17816/KMJ634368 
EDN: PCGTPC
8. Laurindo LF, de Maio MC, Minniti G, et al. Effects of Medicinal 
Plants and Phytochemicals in Nrf2 Pathways during Inflammato-
ry Bowel Diseases and Related Colorectal Cancer: A Comprehensive 
Review. Metabolites. 2023;13(2):243. doi: 10.3390/metabo13020243 
EDN: GQIGKV
9. Olofinsan K, Abrahamse H, George BP. Therapeutic Role of Al-
kaloids and Alkaloid Derivatives in Cancer Management. Molecules. 
2023;28(14):5578. doi: 10.3390/molecules28145578 EDN: VQUWWC
10. Gahtori R, Tripathi AH, Kumari A, et al. Anticancer plant-deriv-
atives: Deciphering their oncopreventive and therapeutic poten-
tial in molecular terms. Future Journal of Pharmaceutical Sciences. 
2023;9(1):14. doi: 10.1186/s43094-023-00465-5 EDN: AQVSXE
11. Zou Y, Wang S, Zhang H, et al. The triangular relationship between 
traditional Chinese medicines, intestinal flora, and colorectal cancer. 
Med Res Rev. 2024;44(2):539–67. doi: 10.1002/med.21989 EDN:  GFHAWD
12. Habtemariam S. Recent advances in berberine inspired antican-
cer approaches: from drug combination to novel formulation technol-
ogy and derivatization. Molecules. 2020;25(6):1426. doi: 10.3390/mol-
ecules25061426 EDN: JXNAQH
13. Farooq U, Qureshi AK, Noor H, et al. Plant extract-based fabrica-
tion of silver nanoparticles and their effective role in antibacterial, an-
ticancer, and water treatment applications. Plants. 2023;12(12):2337. 
doi: 10.3390/plants12122337 EDN: EROFYK
14. Chen H, Ye C, Wu C, et al. Berberine inhibits high fat diet-asso-
ciated colorectal cancer through modulation of the gut microbiota-
mediated lysophosphatidylcholine. Int I biol sci. 2023;19(7):2097. doi: 
10.7150/ijbs.81824 EDN: ZYAWOZ
15. Ling Q, Fang J, Zhai C, et al. Berberine induces SOCS1 pathway 
to reprogram the M1 polarization of macrophages via miR-155-5p in 
colitis-associated colorectal cancer. Eur J Pharm. 2023;949:175724. 
doi: 10.1016/j.ejphar.2023.175724 EDN: MKLDLD

16. Goel A. Current understanding and future prospects on Berberine 
for anticancer therapy. Chem Biol Drug Des. 2023;102(1):177–200. doi: 
10.1111/cbdd.14231 EDN: CNFLCP
17. Liu L, Fan J, Ai G, et al. Berberine in combination with cisplatin 
induces necroptosis and apoptosis in ovarian cancer cells. Biol res. 
2019;52:1–4. doi: 10.1186/s40659-019-0243-6
18. Mezhevova IV, Filippova SYu, Timofeeva SV, et al. Antimigrato-
ry effect of berberine in T98G, U87MG and primary glioma cell cul-
ture. Journal of Clinical Oncology. 2021;39(15):e15045. doi: 10.1200/
JCO.2021.39.15_suppl.e15045 EDN: NWYTHW
19. Chandra S, Gahlot M, Choudhary AN, et al. Scientific evidences of 
anticancer potential of medicinal plants. Food Chemistry Advances. 
2023;2:100239. doi: 10.1016/j.focha.2023.100239 EDN: YQWQVA
20. Cao F, Xia W, Dai S, et al. Berberine: An inspiring resource 
for the treatment of colorectal diseases. Biomed Pharmacother. 
2023;167:115571. doi: 10.1016/j.biopha.2023.115571 EDN: MXFOKY
21. Shakeri F, Kiani S, Rahimi G, Boskabady MH. Anti-inflammato-
ry, antioxidant, and immunomodulatory effects of Berberis vulgaris 
and its constituent berberine, experimental and clinical, a review. Phy-
tother Res. 2024;38(4):1882–902. doi: 10.1002/ptr.8077 EDN: GRTLRE
22. Wani AK, Akhtar N, Mir TU, et al. Targeting apoptotic pathway 
of cancer cells with phytochemicals and plant-based nanomateri-
als. Biomolecules. 2023;13(2):194. doi: 10.3390/biom13020194 EDN: 
 VEBAJU
23. Gielecińska A, Kciuk M, Mujwar S, et al. Substances of natural or-
igin in medicine: Plants vs. cancer. Cells. 2023;12(7):986. doi: 10.3390/
cells12070986 EDN: WKQKQS
24. Mohammed HA, Emwas AH, Khan RA. Salt-tolerant plants, halo-
phytes, as renewable natural resources for cancer prevention and 
treatment: roles of phenolics and flavonoids in immunomodulation 
and suppression of oxidative stress towards cancer management. Int 
J Mol Sci. 2023;24(6):5171. doi: 10.3390/ijms24065171 EDN: XHIWEY
25. Qian BZ. Inflammation fires up cancer metastasis. Semin Cancer 
Biol. 2017;47:170–176. doi: 10.1016/j.semcancer.2017.08.006 EDN: YIZJID
26. Ehteshamfar SM, Akhbari M, Afshari JT, et al. Anti-inflamma-
tory and immune-modulatory impacts of berberine on activation of 
autoreactive T cells in autoimmune inflammation. J Cell Mol Med. 
2020;24(23):13573–13588. doi: 10.1111/jcmm.16049 EDN: WYRNII
27. Luo Y, Tian G, Zhuang Z, et al. Berberine prevents non-alcoholic ste-
atohepatitis-derived hepatocellular carcinoma by inhibiting inflamma-
tion and angiogenesis in mice. Am J Transl Res. 2019;11(5):2668–2682.
28. Mokhfi FZ, Al Amin M, Zehravi M, et al. Alkaloid-based modu-
lators of the PI3K/Akt/mTOR pathway for cancer therapy: Under-
standings from pharmacological point of view. Chem Biol Interact. 
2024;402:111218. doi: 10.1016/j.cbi.2024.111218 EDN: ACBBOZ
29. Rojiani MV, Alidina J, Esposito N, Rojiani AM. Expression of MMP-
2 correlates with increased angiogenesis in CNS metastasis of lung 
carcinoma. Int J Clin Exp Pathol. 2010;3(8):775–81. 
30. Su YH, Tang WC, Cheng YW, et al. Targeting of multiple oncogen-
ic signaling pathways by Hsp90 inhibitor alone or in combination with 
berberine for treatment of colorectal cancer. Biochim Biophys Acta. 
2015;1853(10 Pt A):2261–72. doi: 10.1016/j.bbamcr.2015.05.012
31. Gielecińska A, Kciuk M, Yahya EB, et al. Apoptosis, necrop-
tosis, and pyroptosis as alternative cell death pathways induced 
by chemotherapeutic agents? Biochim Biophys Acta Rev Cancer. 
2023;1878(6):189024. doi: 10.1016/j.bbcan.2023.189024 EDN: CLQKXK

274

DOi: https://doi.org/10.17816/KMJ643366

Казанский медицинский журнал, 2025. Том 106, № 2ОбзОры

https://doi.org/10.3322/caac.21820
https://www.elibrary.ru/OOJNAB
https://doi.org/10.1016/j.lfs.2023.121665
https://www.elibrary.ru/NGGAXB
https://doi.org/10.37748/2686-9039-2024-5-3-9
https://www.elibrary.ru/LXYRAY
https://doi.org/10.1038/s41392-024-01808-1
https://doi.org/10.1038/s41392-024-01808-1
https://www.elibrary.ru/HSJXHI
https://doi.org/10.3390/jox13010007
https://www.elibrary.ru/OSQVXL
https://doi.org/10.3390/molecules28031488
https://www.elibrary.ru/TNNNGD
https://doi.org/10.17816/KMJ634368
https://www.elibrary.ru/PCGTPC
https://doi.org/10.3390/metabo13020243
https://www.elibrary.ru/GQIGKV
https://doi.org/10.3390/molecules28145578
https://www.elibrary.ru/VQUWWC
https://doi.org/10.1186/s43094-023-00465-5
https://www.elibrary.ru/AQVSXE
https://doi.org/10.1002/med.21989
https://www.elibrary.ru/GFHAWD
https://doi.org/10.3390/molecules25061426
https://doi.org/10.3390/molecules25061426
https://www.elibrary.ru/JXNAQH
https://doi.org/10.3390/plants12122337
https://www.elibrary.ru/EROFYK
https://doi.org/10.7150/ijbs.81824
https://www.elibrary.ru/ZYAWOZ
https://doi.org/10.1016/j.ejphar.2023.175724
https://www.elibrary.ru/MKLDLD
https://doi.org/10.1111/cbdd.14231
https://www.elibrary.ru/CNFLCP
https://doi.org/10.1186/s40659-019-0243-6
https://doi.org/10.1200/JCO.2021.39.15_suppl.e15045
https://doi.org/10.1200/JCO.2021.39.15_suppl.e15045
https://www.elibrary.ru/NWYTHW
https://doi.org/10.1016/j.focha.2023.100239
https://www.elibrary.ru/YQWQVA
https://doi.org/10.1016/j.biopha.2023.115571
https://www.elibrary.ru/MXFOKY
https://doi.org/10.1002/ptr.8077
https://www.elibrary.ru/GRTLRE
https://doi.org/10.3390/biom13020194
https://www.elibrary.ru/VEBAJU
https://doi.org/10.3390/cells12070986
https://doi.org/10.3390/cells12070986
https://www.elibrary.ru/WKQKQS
https://doi.org/10.3390/ijms24065171
https://www.elibrary.ru/XHIWEY
https://doi.org/10.1016/j.semcancer.2017.08.006
https://www.elibrary.ru/YIZJID
https://doi.org/10.1111/jcmm.16049
https://www.elibrary.ru/WYRNII
https://doi.org/10.1016/j.cbi.2024.111218
https://www.elibrary.ru/ACBBOZ
https://doi.org/10.1016/j.bbamcr.2015.05.012
https://doi.org/10.1016/j.bbcan.2023.189024
https://www.elibrary.ru/CLQKXK


32. Zhu Y, Xie N, Chai Y, et al. Apoptosis Induction, a Sharp Edge 
of Berberine to Exert Anti-Cancer Effects, Focus on Breast, Lung, 
and Liver Cancer. Front Pharmacol. 2022;13:803717. doi: 10.3389/
fphar.2022.803717 EDN: MWTAGJ
33. Tkachenko A. Apoptosis and eryptosis: similarities and differenc-
es. Apoptosis. 2024;29(3–4):482–502. doi: 10.1007/s10495-023-01915-
4 EDN: CDNJFF
34. Rodríguez-González J, Gutiérrez-Kobeh L. Apoptosis and its path-
ways as targets for intracellular pathogens to persist in cells. Parasitol 
Res. 2023;123(1):60. doi: 10.1007/s00436-023-08031-x EDN: AJAPNM
35. Chen Q, Hou Y, Li D, et al. Berberine induces non-small cell lung 
cancer apoptosis via the activation of the ROS/ASK1/JNK pathway. 
Ann Transl Med. 2022;10(8):485. doi: 10.21037/atm-22-1298 EDN: 
ZHSSEK
36. Yip NK, Ho WS. Berberine induces apoptosis via the mitochon-
drial pathway in liver cancer cells. Oncol Rep. 2013;30(3):1107–12. doi: 
10.3892/or.2013.2543
37. Agnarelli A, Natali M, Garcia-Gil M, et al. Cell-specific pattern of 
berberine pleiotropic effects on different human cell lines. Scientific 
reports. 2018;8(1):10599. doi: 10.1038/s41598-018-28952-3 EDN: IHL-
HTW
38. Li H, Li XL, Zhang M, et al. Berberine ameliorates experimental 
autoimmune neuritis by suppressing both cellular and humoral im-
munity. Scand J Immunol. 2014;79(1):12–9. doi: 10.1111/sji.12123
39. Yang Y, Qi J, Wang Q, et al. Berberine suppresses Th17 and den-
dritic cell responses. Invest Ophthalmol Vis Sci. 2013;54(4):2516–22. 
doi: 10.1167/iovs.12-11217
40. Wang YX, Pang WQ, Zeng QX, et al. Synthesis and biological eval-
uation of new berberine derivatives as cancer immunotherapy agents 
through targeting IDO1. Eur J Med Chem. 2018;143:1858–1868. doi: 
10.1016/j.ejmech.2017.10.078
41. Imenshahidi M, Hosseinzadeh H. Berberine and barberry (Berber-
is vulgaris): a clinical review. Phytother Res. 2019;33(3):504–23. doi: 
10.1002/ptr.6252 EDN: SRXADU
42. Spinozzi S, Colliva C, Camborata C, et al. Berberine and its me-
tabolites: relationship between physicochemical properties and 
plasma levels after administration to human subjects. J Nat Prod. 
2014;77(4):766–72. doi: 10.1021/np400607k EDN: YAVUDA
43. Liu J, Liu P, Xu T, et al. Berberine induces autophagic cell death in 
acute lymphoblastic leukemia by inactivating AKT/mTORC1 signaling. 
Drug Des Devel Ther. 2020;14:1813–1823. doi: 10.2147/DDDT.S239247 
EDN: NPOJXS
44. Liu J, Zhu Z, Liu Y, et al. MDM2 inhibition-mediated autophagy 
contributes to the pro-apoptotic effect of berberine in p53-null leuke-
mic cells. Life sciences. 2020;242:117228. doi: 10.1016/j.lfs.2019.117228 
EDN: ZJOCYX
45. Liu L, Fan J, Ai G, et al. Berberine in combination with cisplat-
in induces necroptosis and apoptosis in ovarian cancer cells. Biol res. 
2019;52:1–4. doi: 10.1186/s40659-019-0243-6
46. Hsieh YC, Athar M, Chaudry IH. When apoptosis meets autoph-
agy: deciding cell fate after trauma and sepsis. Trends Mol Med. 
2009;15(3):129–38. doi: 10.1016/j.molmed.2009.01.002 EDN: YATOYX
47. Gao M, Yeh PY, Lu YS, et al. OSU-03012, a novel celecoxib deriv-
ative, induces reactive oxygen species-related autophagy in hepato-

cellular carcinoma. Can Res. 2008;68(22):9348–57. doi: 10.1158/0008-
5472.CAN-08-1642
48. Yao Z, Wan Y, Li B, et al. Berberine induces mitochondrial medi-
ated apoptosis and protective autophagy in human malignant pleural 
mesothelioma NCI H2452 cells. Oncol Rep. 2018;40(6):3603–10. doi: 
10.3892/or.2018.6757 EDN: XZWOIS
49. La X, Zhang L, Li Z, et al. Berberine-induced autophagic cell death 
by elevating GRP78 levels in cancer cells. Oncotarget. 2017;8(13):20909. 
doi: 10.18632/oncotarget.14959
50. Wang J, Qi Q, Feng Z, et al. Berberine induces autophagy in glio-
blastoma by targeting the AMPK/mTOR/ULK1-pathway. Oncotarget. 
2016;7(41):66944. doi: 10.18632/oncotarget.11396 EDN: XZODOP
51. Zhang Q, Wang X, Cao S, et al. Berberine represses human gas-
tric cancer cell growth in vitro and in vivo by inducing cytostatic au-
tophagy via inhibition of MAPK/mTOR/p70S6K and Akt signaling 
pathways. Biomed Pharmacother. 2020;128:110245. doi: 10.1016/j.bi-
opha.2020.110245 EDN: IYZNCF
52. Khan SU, Fatima K, Malik F, et al. Cancer metastasis: molecu-
lar mechanisms and clinical perspectives. Pharmacol Ther. 2023; 
250:108522. doi: 10.1016/j.pharmthera.2023.108522 EDN: KYGWEF
53. Rashid ZA, Bardaweel SK. Novel matrix metalloproteinase-9 
(MMP-9) inhibitors in cancer treatment. Int J Mol Sci. 2023;24(15): 
12133. doi: 10.3390/ijms241512133 EDN: FYYQDL
54. Polz A, Morshed K, Drop B, Polz-Dacewicz M. Could MMP3 and 
MMP9 Serve as Biomarkers in EBV-Related Oropharyngeal Cancer. Int 
J Mol Sci. 2024;25(5):2561. doi: 10.3390/ijms25052561 EDN: TQERGC
55. Ho YT, Lu CC, Yang JS, et al. Berberine induced apoptosis via pro-
moting the expression of caspase-8,-9 and-3, apoptosis-inducing 
factor and endonuclease G in SCC-4 human tongue squamous carci-
noma cancer cells. Anticancer res. 2009;29(10):4063–70. 
56. Hamsa TP, Kuttan G. Berberine inhibits pulmonary metastasis 
through down-regulation of MMP in metastatic B16F-10 melanoma 
cells. Phytother Res. 2012;26(4):568–78. doi: 10.1002/ptr.3586
57. Liu JF, Lai KC, Peng SF, et al. Berberine inhibits human melanoma 
A375. S2 cell migration and invasion via affecting the FAK, uPA, and 
NF-κB signaling pathways and inhibits PLX4032 resistant A375. S2 
cell migration in vitro. Molecules. 2018;23(8):2019. doi: 10.3390/mol-
ecules23082019
58. Wu CM, Li TM, Tan TW, et al. Berberine Reduces the Metastasis 
of Chondrosarcoma by Modulating the αvβ3 Integrin and the PKCδ, c-
Src, and AP-1 Signaling Pathways. Evid Based Complement Alternat 
Med. 2013;2013(1):423164. doi: 10.1155/2013/423164
59. Liu CH, Tang WC, Sia P, et al. Berberine inhibits the metastatic 
ability of prostate cancer cells by suppressing epithelial-to-mesen-
chymal transition (EMT)-associated genes with predictive and prog-
nostic relevance. Int J Med Sci. 2015;12(1):63. doi: 10.7150/ijms.9982
60. Liu X, Ji Q, Ye N, et al. Berberine inhibits invasion and metasta-
sis of colorectal cancer cells via COX-2/PGE2 mediated JAK2/STAT3 
signaling pathway. PloS one. 2015;10(5):e0123478. doi: 10.1371/jour-
nal.pone.0123478
61. Hu Q, Li L, Zou X, et al. Berberine attenuated proliferation, inva-
sion and migration by targeting the AMPK/HNF4α/WNT5A pathway 
in gastric carcinoma. Front pharmacol. 2018;9:1150. doi: 10.3389/
fphar.2018.01150

275
Kazan Medical Journal 2025, Vol. 106, No. 2

DOi: https://doi.org/10.17816/KMJ643366

Reviews

https://doi.org/10.3389/fphar.2022.803717
https://doi.org/10.3389/fphar.2022.803717
https://www.elibrary.ru/MWTAGJ
https://doi.org/10.1007/s10495-023-01915-4
https://doi.org/10.1007/s10495-023-01915-4
https://www.elibrary.ru/CDNJFF
https://doi.org/10.1007/s00436-023-08031-x
https://www.elibrary.ru/AJAPNM
https://doi.org/10.21037/atm-22-1298
https://www.elibrary.ru/ZHSSEK
https://doi.org/10.3892/or.2013.2543
https://doi.org/10.1038/s41598-018-28952-3
https://www.elibrary.ru/IHLHTW
https://www.elibrary.ru/IHLHTW
https://doi.org/10.1111/sji.12123
https://doi.org/10.1167/iovs.12-11217
https://doi.org/10.1016/j.ejmech.2017.10.078
https://doi.org/10.1002/ptr.6252
https://www.elibrary.ru/SRXADU
https://doi.org/10.1021/np400607k
https://www.elibrary.ru/YAVUDA
https://doi.org/10.2147/DDDT.S239247
https://www.elibrary.ru/NPOJXS
https://doi.org/10.1016/j.lfs.2019.117228
https://www.elibrary.ru/ZJOCYX
https://doi.org/10.1186/s40659-019-0243-6
https://doi.org/10.1016/j.molmed.2009.01.002
https://www.elibrary.ru/YATOYX
https://doi.org/10.1158/0008-5472.CAN-08-1642
https://doi.org/10.1158/0008-5472.CAN-08-1642
https://doi.org/10.3892/or.2018.6757
https://www.elibrary.ru/XZWOIS
https://doi.org/10.18632/oncotarget.14959
https://doi.org/10.18632/oncotarget.11396
https://www.elibrary.ru/XZODOP
https://doi.org/10.1016/j.biopha.2020.110245
https://doi.org/10.1016/j.biopha.2020.110245
https://www.elibrary.ru/IYZNCF
https://doi.org/10.1016/j.pharmthera.2023.108522
https://www.elibrary.ru/KYGWEF
https://doi.org/10.3390/ijms241512133
https://www.elibrary.ru/FYYQDL
https://doi.org/10.3390/ijms25052561
https://www.elibrary.ru/TQERGC
https://doi.org/10.1002/ptr.3586
https://doi.org/10.3390/molecules23082019
https://doi.org/10.3390/molecules23082019
https://doi.org/10.1155/2013/423164
https://doi.org/10.7150/ijms.9982
https://doi.org/10.1371/journal.pone.0123478
https://doi.org/10.1371/journal.pone.0123478
https://doi.org/10.3389/fphar.2018.01150
https://doi.org/10.3389/fphar.2018.01150


AUTHORS’ INFO
* Sofia V. Timofeeva, res. Assoc., Cellular Technology Lab.;
address: 14th Line st, Russia, Rostov-on-Don, 344019;
ORCID: 0000-0002-5945-5961;
eLibrary SPIN: 5362-1915;
e-mail: timofeeva.sophia@gmail.com 

Elena Yu. Zlatnik, MD, Dr. Sci. (Med.), prof., chief res. assoc., 
Tumor Immunophenotyping Lab.;
ORCID: 0000-0002-1410-122X;
eLibrary SPIN: 4137-7410;
e-mail: elena-zlatnik@mail.ru

Larisa N. Vaschenko, MD, Dr. Sci. (Med.), prof., head of Depart. 
of tumors of bones, skin, soft tissues and mammary gland;
ORCID: 0000-0003-1610-0826;
eLibrary SPIN: 5573-4396;
e-mail: onko-sekretar@mail.ru  

Yaroslav S. Enin, junior res. assoc., molecular oncology lab.;
ORCID: 0000-0002-4572-1579;
eLibrary SPIN: 7683-2286;
e-mail: dendro51@yandex.ru 
 

Evgeniya M. Nepomnyashchaya, MD, Dr. Sci. (Med.), prof., 
pathologist, pathological anatomy Depart.;
ORCID: 0000-0003-0521-8837;
eLibrary SPIN: 8930-9580;
e-mail: iftrnioi@yandex.ru

ОБ АВТОРАХ
* Тимофеева Софья Владимировна, науч. сотрудник, 
лаб. клеточных технологий;
адрес: Россия, 344019, Ростов-на-Дону, ул. 14-я Линия;
ORCID: 0000-0002-5945-5961;
eLibrary SPIN: 5362-1915;
e-mail: timofeeva.sophia@gmail.com

Златник Елена Юрьевна, д-р мед. наук, проф., глав. 
науч.  сотрудник, лаб. иммунофенотипирования опухолей;
ORCID: 0000-0002-1410-122X;
eLibrary SPIN: 4137-7410;
e-mail: elena-zlatnik@mail.ru

Ващенко Лариса Николаевна, д-р мед. наук, проф., 
зав.  отделением опухолей костей, кожи, мягких тканей 
и молочной железы;
ORCID: 0000-0003-1610-0826;
eLibrary SPIN: 5573-4396;
e-mail: onko-sekretar@mail.ru 

Енин Ярослав Сергеевич, младший научный сотрудник, 
лаборатория молекулярной онкологии;
ORCID: 0000-0002-4572-1579;
eLibrary SPIN: 7683-2286;
e-mail: dendro51@yandex.ru 

Непомнящая Евгения Марковна, д-р мед. наук, проф., 
врач-патологоанатом, патологоанатомическое отделение;
ORCID: 0000-0003-0521-8837;
eLibrary SPIN: 8930-9580;
e-mail: iftrnioi@yandex.ru

* Corresponding author / Автор, ответственный за переписку

276

DOi: https://doi.org/10.17816/KMJ643366

Казанский медицинский журнал, 2025. Том 106, № 2ОбзОры

https://orcid.org/0000-0002-5945-5961
https://www.elibrary.ru/author_profile.asp?spin=5362-1915
mailto:timofeeva.sophia@gmail.com
https://orcid.org/0000-0002-1410-122X
https://www.elibrary.ru/author_profile.asp?spin=4137-7410
mailto:elena-zlatnik@mail.ru
https://orcid.org/0000-0003-1610-0826
https://www.elibrary.ru/author_profile.asp?spin=5573-4396
mailto:onko-sekretar@mail.ru
https://orcid.org/0000-0002-4572-1579
https://www.elibrary.ru/author_profile.asp?spin=7683-2286
mailto:dendro51@yandex.ru
https://orcid.org/0000-0003-0521-8837
https://www.elibrary.ru/author_profile.asp?spin=8930-9580
mailto:iftrnioi@yandex.ru
https://orcid.org/0000-0002-5945-5961
https://www.elibrary.ru/author_profile.asp?spin=5362-1915
mailto:timofeeva.sophia@gmail.com
https://orcid.org/0000-0002-1410-122X
https://www.elibrary.ru/author_profile.asp?spin=4137-7410
mailto:elena-zlatnik@mail.ru
https://orcid.org/0000-0003-1610-0826
https://www.elibrary.ru/author_profile.asp?spin=5573-4396
mailto:onko-sekretar@mail.ru
https://orcid.org/0000-0002-4572-1579
https://www.elibrary.ru/author_profile.asp?spin=7683-2286
mailto:dendro51@yandex.ru
https://orcid.org/0000-0003-0521-8837
https://www.elibrary.ru/author_profile.asp?spin=8930-9580
mailto:iftrnioi@yandex.ru

	Molecular Mechanisms of Berberine Action  on Tumor Cells
	Abstract
	To cite this article:
	Background
	Anti-inflammatory effect of berberine
	Inhibition of angiogenesis
	Effect of berberine on apoptosis
	Effect of berberine on autophagy
	Effect of berberine on invasion and metastasis
	Conclusion
	Additional information
	References
	Authors’ info


