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ABSTRACT

Introduction and purpose:

Berberine is a plant alkaloid that naturally occurs in the fruits of common barberry (Berberis
vulgaris). This alkaloid has long been used in natural medicine. It exhibits a range of bioactivities,
such as antioxidant, anti-inflammatory, antidiabetic, anti-edema, and antimicrobial actions. Through
the promising therapeutic effects of berberine in metabolic syndrome, as well as its impact on
carcinogenesis, this compound is beginning to play a significant role in preventive medicine.
Recently, particular attention has been paid to the anticancer properties of berberine, which are
based on many biochemical pathways, particularly its pro-apoptotic and anti-inflammatory action.
The study aimed to review the anticancer mechanisms of berberine and summarize them about

individual cancers.
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State of knowledge:

The article reviews the current literature on the anticancer properties of berberine for individual
cancers, focusing primarily on its molecular mechanisms of action. In addition, the potential of
berberine as a promising candidate forming the basis for drug production and its use in preventive
medicine was analyzed.

Summary:

In summary, many studies have shown that berberine exhibits anticancer activity in many types of
cancers, including breast, lung, stomach, liver, colorectal, ovarian, cervical, and prostate cancers.
Berberine inhibits the growth of cancer cells, limits metastases, induces apoptosis, stimulates
autophagy, and enhances the effectiveness of anticancer drugs. Despite its potential as a promising
candidate for drug production, there are currently no approved pure berberine preparations for the

treatment of specific ailments. Research on its effectiveness and safety is still ongoing.

KEYWORDS: berberine, anticancer properties, anticancer medications, cancer

INTRODUCTION

Berberine is a plant metabolite belonging to the group of isoquinoline alkaloids with strong
biological and pharmacological activity [1]. Berberine naturally occurs in the fruits of common
barberry (Berberis vulgaris). This alkaloid has been used in natural medicine for many years.
Currently, berberine is attracting great interest due to its anticancer activity based on many
biochemical pathways, especially its pro-apoptotic and anti-inflammatory action [1]. In addition to
anticancer properties, the alkaloid may also be useful in the treatment of other diseases such as
diabetes, obesity, hyperglycemia, and hyperlipidemia. Inhibition and control of metabolic syndrome
is particularly important due to the significant increase in the number of patients struggling with it
recently [2]. However, its oral bioavailability is limited by P-glycoprotein (P-gp), a membrane
transporter that removes berberine from intestinal cells [3]. Therefore, berberine is currently being
intensively studied, and its anticancer activity, reflected in the pro-apoptotic effect, seems to be the

most promising direction of research [1].
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ANTICANCER PROPERTIES

Berberine is a natural compound that exhibits many bioactivities, such as antioxidant, anti-
inflammatory, antidiabetic, anti-edema, and antimicrobial actions. Studies have shown that
berberine has anticancer effects on various types of cancers, such as breast, lung, stomach, liver,

colon, ovarian, cervical, and prostate cancer [4].

1.1. Breast Cancer

TNBC is a triple-negative breast cancer, which is an aggressive subtype of breast cancer. Berberine
was shown to exhibit toxic properties against all TNBC cell lines such as MDA-MB-231, MDA-
MB-468, HCC1937, HCC70, HCC38, BT-20, HCC1143 and BT-549. The alkaloid not only
induced cell cycle arrest in the first (G1) and second growth phase (G2)/medium, but also induced
significant apoptosis. In addition, berberine did not affect normal breast cells (MCF10) [5]. In
cultures of MDA-MB-468 cells, the compound reduced the expression of proliferating cell nuclear
antigen (PCNA) and cyclin D1 proteins, blocking their progression to the G1 phase of the cell cycle
[6]. The role of berberine against the MDA-MB-231 malignant breast cancer cell line was also
investigated, and the compound was shown to reduce cell migration capacity, provoke inhibition of
phosphorylation, reduce overexpression of tumor necrosis factor o (TNF-a) and interleukin 6 (IL-6),
and induce suppression of the nuclear factor kappa light chain enhancer of activated B cells (NF-K)
[7]. Berberine also showed synergistic effects with TRAIL on the MDA-MB-231 breast cancer cell
line, which is sensitive to TRAIL, and the MDA-MB-468 breast cancer cell line, which is resistant
to TRAIL. Berberine not only interacted with TRAIL but also increased the sensitivity of resistant
cells, as confirmed by markers of this process, such as caspase-3, PARP 9 cleavage of poly (ADP-
ribose) polymerase 1, and p53. Additionally, despite berberine's moderate cytotoxicity, when
combined with anti-DRS, it inhibits primary growth and reduces lung metastasis in the 4T1 breast
cancer cell line [8,9]. Berberine has also been shown to reduce the deleterious effects of
doxorubicin, and the berberine/doxorubicin nanocomposite acted synergistically to reduce tumor
growth and metastasis in breast cancer xenograft models [10]. The findings presented here

demonstrate that berberine may show promise in developing a breast cancer drug in the future.

1.2. Colon Cancer

In a study by Chen et al, patients with confirmed colorectal adenomas who underwent polypectomy

were treated with berberine or placebo. Berberine proved effective in reducing the risk of adenoma
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recurrence, with no side effects except constipation. Colorectal adenomas are benign but can
undergo malignant transformation into cancer, especially in patients with metabolic syndrome and
inflammation. Therefore, berberine may be helpful in the prevention of these cancers. Importantly,
none of the study participants developed cancer during follow-up [11]. The alkaloid was shown to
inhibit the transformation of colorectal adenoma into colorectal cancer via pyruvate kinase isozyme
type M2 (PKM2) and by inhibiting the Warburg effect [12]. In addition, berberine has been shown
to inhibit STAT3, which reduces MMP2/9 expression and inhibits colorectal cancer metastasis [13].
The alkaloid also exerts anti-cancer effects by inhibiting cell activity, and apoptosis, and increasing
CASC2 IncRNA expression [14,15]. Liu and colleagues conducted studies on colorectal cancer
(CRC) stem cells, which showed that berberine inhibits CRC cell invasion and metastasis via
prostaglandin-endoperoxide synthase 2/prostaglandin E2, whose action is mediated by the Janus
kinase 2 pathway [16]. Berberine treatment has also been shown to inhibit colon cancer cell
viability, induce apoptosis, and activate caspase-3 activity in the human colon cancer cell line

HCT116 [17].

1.3. Pancreatic Cancer

One study evaluated the effects of berberine and its modified NAX compounds, metformin, and
chemotherapeutic drugs on four pancreatic adenocarcinoma cell lines (AsPC-1, BxPC-3, MIA-
PaCa-2, and PANC-28). It was shown that both berberine and its modified compounds enhanced
the effects of metformin and were involved in inhibiting the expression of key molecules for cell
growth. Thus, such combined treatment may help inhibit the proliferation of pancreatic cancer cells
[18]. In human pancreatic cancer cells (BxPC-3 cells), berberine has been studied to inhibit tumor
cell growth and mediate caspase-independent cell death [19]. In one study, berberine also showed
the ability to suppress Rad51 expression and increase PARP expression in pancreatic cancer cells
(PANC-1, AsPC-1, and MIA-PaCa-2) compared to control pancreatic cancer cells. The joint action
of olaparib (a PARP inhibitor) and berberine synergistically inhibited cellular activity and led to the
induction of apoptosis in experimental pancreatic cancer cells [20]. Berberine, by affecting the
expression of miR-17-5p, which is a poor prognostic indication for pancreatic cancer, may also
have additional implications for the treatment of this cancer [21]. In addition, this alkaloid also
plays an important role in inhibiting metastasis and limiting the viability of pancreatic cancer cells
by deregulating their energy metabolism. Berberine also affects citrate metabolism, which may

prove to be a promising target when developing drugs for pancreatic cancer [22].
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1.4. Gastric Cancer

Gastric cancer is associated with matrix metalloproteinases (MMP-1,-2,-7,-9), which contribute to
malignant cell invasion and metastasis. Berberine exhibits anti-tumor properties in these cancer
cells by inhibiting the expression of MMP-1,-2, and -9 genes [23, 24]. The alkaloid also acts by
inhibiting STAT3 activity, which is induced by EGFR, making gastric cancer more sensitive to
EGFR inhibitors such as cetuximab and erlotinib [25]. This compound also reverses gastric cancer
resistance to cisplatin [26]. Studies conducted on both cellular samples (in vitro) and living
organisms (in vivo) have shown that berberine can inhibit the growth of BGC-823 gastric cancer
cells by causing autophagy, a process that stops cell growth, by suppressing the
MAPK/mTOR/p70S6K and Akt signaling pathways [27]. Therefore, researchers suggest that
berberine hydrochloride could be a potential treatment for gastric cancer because it affects MAPK

signaling pathways [28].

1.5. Liver Cancer

In berberine-treated Huh-7 and HepG2 cells, cell cycle arrest at the G1 stage was observed,
demonstrating that berberine also has anticancer properties in hepatocellular carcinoma (HCC) cells
[29]. In addition, the use of this alkaloid inhibits cell viability in the liver cancer cell lines SNU-182,
Hep3B, and HepG2, due to its modulating effect on the expression of many tumor-associated gene
proteins [30]. In one study, simultaneous administration of berberine and sorafenib was shown to
synergistically inhibit the proliferation of human liver cells (HepG2 and SMM-7721) in a
concentration-dependent manner [31]. In contrast, berberine 9-/13-dodecyl derivatives were
responsible for destabilizing mitochondrial membrane potential and increasing ROS production,

along with cell cycle arrest and apoptosis in liver cancer cells [32].

1.6. Oral Cancer

Berberine also exhibits anticancer properties against KB oral cancer cells by leading to genomic
DNA fragmentation, changes in cell morphology, and nuclear condensation. The alkaloid has also
been shown to increase the expression of the death receptor ligand FasL and increase the activity of
caspase-3 and -7, which play an important role in apoptosis. Due to the actions of berberine, the

expression of proapoptotic factors is increased, while anti-apoptotic factors are decreased [33].
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1.7. Bone Cancer

The positive effect of berberine was also demonstrated by its administration to osteosarcoma cells
both in vitro and in vivo. By reducing the expression of caspase-1 and interleukin-1 (IL-1), there
was an inhibition of tumor cell growth [34]. Berberine has also been shown to downregulate
integrin v3 mediated by protein kinase C (PKC) and the protooncogene tyrosine-protein kinase c-
Src, thereby inhibiting the migration and invasion of human chondrosarcoma cells [35]. To induce
PDCD4 expression, berberine downregulates miR-21, which in turn contributes to multiple

myeloma apoptosis by suppressing p53 [36].

1.8. Cancer of the Glioblastoma

Blocking the AMPK/mTOR/ULK1 pathway involving berberine leads to reduced tumor growth in
polymorphic glioblastoma multiforme (GBM) cells in vivo [37]. The glioma microenvironment is
characterized by inflammation, so special attention is paid to IL-1 and other neuroinflammatory
cytokines that play a role in tumor initiation and progression [38]. Berberine through ERK1/2
signaling inhibits the activation of the inflammatory cytokine caspase-1 and later also the
development of IL-1 and IL-18 in glioma cells. Moreover, berberine has been studied to have the
potential to reverse the mechanism of epithelial-mesenchymal metastasis [39]. In addition,

berberine has been shown to reverse temozolomide resistance in glioma [40].

1.9. Skin Cancer

Berberine administration induced morphological changes in cells and reduced the number of viable
cells in human cutaneous melanoma cells (A375.S2 and A375.S2/PLX). Berberine treatment of
A375.S2 cells led to the inhibition of SOS-1, p-AKT, MMP-1, NF-xB, Ras, p-FAK, and MMP-13
gene expression, as well as an increase in PI3K and PKC levels [41]. In addition, the treatment
induced various biochemical changes, such as loss of mitochondrial membrane potential, release of
cytochrome C into the cytosol, and cleavage of poly (ADP) ribose polymerase, which induced
apoptotic conditions and inhibited the development of cutaneous squamous cell carcinoma [42]. By
molecular analysis, berberine was shown to bind STAT3 directly. This mechanism results in
decreased IL-10 expression, reprogramming of tumor-associated M2 macrophages to an M1 tumor
suppressor phenotype, and increased recognition of tumor cells by T cells. These mechanisms have

been shown to reduce tumor burden in mice with melanoma [43].
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1.10. Uterus and Endometrium Cancer

According to the results of both in vitro and in vivo studies by Wang and Zhang, berberine inhibited
proliferation, migration, and invasion, as well as metastasis in endometrial cancer. The researchers
showed that berberine inhibits tumor cells through COX-2/PGE2 signaling pathways [44]. The
alkaloid also engages the PI3K/Akt pathway, which also plays a role in the prevention and
treatment of endometrial cancer [45]. In one study, berberine or placebo was also administered to
patients treated for seminoma, lymphoma, and cervical cancer. Despite the small study group, the
study showed that berberine significantly delayed and reduced the incidence of radiation-induced
acute abdominal syndrome. Based on the results, it was concluded that berberine may have a

protective role in patients treated with radiation therapy [46].

1.11. Prostate Cancer

The LNCaP cell line that was xenografted into nude mice was treated with berberine. This alkaloid
improved the sensitivity of prostate cancer cells and xenografts to radiation in a dose-dependent
manner by inhibiting the expression of HIF-1 and VEGF [47]. Berberine was also shown to reduce
the proliferation of human prostate cancer epithelial cell line 22Rv1l and decrease cellular
testosterone synthesis [48]. The action of berberine leads to a significant decrease in the expression
of a set of mesenchymal genes responsible for the development of EMT. High expression levels of
BMP7, NODAL, and Snail genes in metastatic prostate cancer tissues are associated with shorter
survival in patients. Therefore, downregulation of gene expression by berberine may be a potential

therapeutic target [49].

1.12. Thyroid Cancer

Two thyroid cancer cell lines, 8505C, and TPC1, showed a dose-dependent decrease in growth after
berberine treatment. 8505C cells showed a marked increase in apoptosis, while TPC1 cells showed
cell cycle arrest in the GO/G1 phase [50]. Besides, berberine also inhibited RET expression in
medullary thyroid carcinoma (MTC) cells by more than 90% [51].

SUMMARY

Berberine's mechanisms of action include inhibition of tumor cell proliferation, suppression of

metastasis, induction of apoptosis, activation of autophagy, regulation of the gut microbiota, and
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enhancement of anticancer drug effects [4]. Despite advances in currently used chemotherapy,
resistance and non-response to many chemotherapeutics is still a significant problem. Therefore,
cancer immunotherapy has recently received considerable attention as a treatment option for certain
cancers. Natural plant-derived compounds have been shown to have anti-cancer properties by
modulating traditional cancer pathways as well as immunity [52]. Berberine is also beneficial at
early stages of tumor development by downregulating the expression of epithelial-mesenchymal
transition proteins [2]. Despite its importance as a potentially promising drug candidate, there are
currently no approved pure preparations of berberine for the treatment of specific ailments [2].
Despite its potential, berberine is not yet widely used in anticancer therapy, and its efficacy and

safety are still under investigation [1,2].
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