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Numerous studies have shown that berberine and its derivatives demonstrate important
anti-tumor effects. However, the specific underlying mechanism remains unclear.
Therefore, based on systems pharmacology, this review summarizes the information
available on the anti-tumor effects and mechanism of berberine and its derivatives. The
action and potential mechanism of action of berberine and its derivatives when used in the
treatment of complex cancers are systematically examined at the molecular, cellular, and
organismic levels. It is concluded that, with further in-depth investigations on their toxicity
and efficacy, berberine and its derivatives have the potential for use as drugs in cancer
therapy, offering improved clinical efficacy and safety.
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INTRODUCTION

Berberine (chemical formula: C20H18NO4, slowly soluble in water), the main alkaloid in the herbal
medicine coptis, has been widely used in China (Alolga et al., 2016; Li et al., 2019). It also exists in
many Berberidaceae, Papaveraceae, and Rutaceae plants. Based on its chemical structure, berberine
is a protozoan morphinane alkaloid (Ruan et al., 2017). In addition to extensive biological activities,
such as anti-inflammation, antioxidative, and anti-diabetic, berberine demonstrates anti-tumor
activity by means of interference in tumorigenesis and in multiple features of tumor development.
Therefore, berberine is widely used in the prevention and treatment of tumors (Refaat et al., 2015; Li
et al., 2017a; Liao et al., 2018; Liu et al., 2019a). In addition, it is difficult for berberine to penetrate
cytomembrane and to be assimilate into the gastrointestinal tract due to its poor lipid solubility (Lu
et al., 2006; Ge et al., 2016; Zhu et al., 2017). Therefore, a series of berberine derivatives have been
designed by transforming and modifying its chemical structure (Sagar et al., 2006; Xiao et al., 2018).
Simultaneously, the pharmacological activities of berberine derivatives were also widely studied.

Numerous studies have revealed that berberine has anti-tumor activity in many cancers (Wen
et al., 2016; Zou et al., 2017). This mainly consists of inhibiting tumor cell proliferation and tumor
angiogenesis, inducing apoptosis of tumor cells, and delaying the transfer of tumor cells (Li et al.,
2018; Dai et al., 2019; Liu et al., 2019b). In contrast, in a leukemia mouse model, berberine
reportedly inhibited the growth of the spleen by inhibiting the differentiation of nicotinate
mononucleotide pyrophosphorylase and granulocyte (Yu et al., 2007; Gu et al., 2008; Wang Z.
et al., 2016). In the SCC-4 tumor mouse model, the number of tumors in mice treated with berberine
in.org January 2020 | Volume 10 | Article 14611
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was obviously less than that observed in the control group
(Jantova et al., 2003; Yu et al., 2007; Ho et al., 2009). In this
review, we focus on the anti-cancer mechanisms and signaling
pathways of berberine (Figure 1).
EFFECTS OF BERBERINE ON P53 AND
THE CELL CYCLE

Berberine alters cellular processes through interactions with
nucleic acids and various proteins. The effect of berberine on
cell cycle progression has also been observed through cell cycle
arrest at the G1 phase, G0/G1 phase, or G2/M phase (Eo and
Kim, 2014; Gu et al., 2015). For example, berberine induced G2/
M phase arrest in T47D and in G0/G1 in MCF-7 cells (Barzegar
et al. , 2015). Computational and experimental data
demonstrated that CaM potentially plays a crucial role in the
anti-tumor effect induced by berberine. A biological assay
revealed that berberine induced G1 cell cycle arrest in Bel7402
cells partially by interacting with CaM and blocking subsequent
signal cascades (Ma et al., 2013).

p53 is one of the key tumor suppressor genes and is very
important in the process of apoptosis in various tumor cells. The
protein encoded by this gene is a transcriptional factor that
controls the initiation of the cell cycle. Therefore, p53 plays a
critical role in whether to start cell division or not. If the cell is
damaged and cannot be repaired, p53 protein will participate in
the initiation process, allowing the cell to initiate apoptosis. For
example, p53 can inhibit BCL2 by BAX, which increases the
BAX/BCL2 ratio and can also induce cell apoptosis by Apaf-1
regulation of the underlying signal caspase 3 (Babiker et al., 2018;
Liu et al., 2018; Ma et al., 2019; Nkpaa et al., 2019). The tumor
suppressor p53 was reported to play a key role in the anti-tumor
action of berberine. A recent study has revealed that berberine
may up-regulate p53 expression by suppressing the inner
inhibitor MDM2 at the post-transcriptional level (Shukla et al.,
2016; Wang et al., 2016; Chrysovergis et al., 2019; Draganov
et al., 2019). In addition, berberine may increase the expression
of the primary precursor, precursor, and mature forms of miR-
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23a, which could enhance berberine-induced G2/M cell cycle
arrest. Orally administered berberine inhibits p53 expression and
non-expression in lung cancer xenografts, increasing the level of
p53 and therefore inhibiting the G1 phase of tumor cells. CDK
(Cyclin-Dependent Kinase) is a heterodimeric protein that
promotes the progression of the cell cycle by modulating the
kinase cascade. Inhibition of cell cycle G1 is also observed when
CDK inhibitors are over-expressed. Berberine induces the over-
expression of CIP1/p21 and Kip1/p27 proteins and
downregulates cyclin-dependent kinases (cdk2, cdk4, cdk6),
leading to G1 arrest of tumor cells (Eom et al., 2008; Lan et al.,
2014; Li et al., 2017b).

An interesting study has shown that berberine exerts different
effects on p53 expression in breast cancer cell lines MCF-7 and
MDA-MB231. MCF-7 cells express the wild-type tumor protein
p53 (TP53), while MDA-MB-231 cells express the mutant TP53.
In both cell lines, p53 mRNA levels are down-regulated by TPA
(12-O-tetradecano-13-acetate, a tumor promoter) (Kim and
Jung, 2012). After coptis, the level of p53 expression increased
in TPA-induced MCF-7 cells. However, the expression of p53
remained unaltered in TPA-treated MDA-MB231 cells (Yan and
Asmah, 2017). Studies have demonstrated that berberine does
not directly affect the expression of p53 when p53 is mutated and
mediates p53-dependent inhibition of tumor cells in the G2
phase. Therefore, berberine can affect the mutation of p53 and
non-mutant p53 in cancer cells through different pathways.

Berberine has been seen to activate TP53, which increased the
expression of miR-23a in HCC. This TP53, in turn, stimulated
p21Cip1 and GADD45alpha expression. Suppression of miR-23a
blocked the binding of TP53 to the chromatin and blocked
transcriptional activation of p21Cip1 and GADD45alpha (Wang
et al., 2014b; Sujitha et al., 2018). Berberine induced miR-23a,
which may not be suppressed in mitosis A (NIMA) kinase 6
(NEK6) and resulted in blocking of the cell cycle in G2/M (Jee
et al., 2010). In addition, NEK6 may have an impact on TP53.
NEK6 antagonized TP53 and induced senescence (Sheng et al.,
2015). RNA-Seq analysis revealed that berberine modified the
expression of genes in the TP53 and cell cycle pathways (Li
et al., 2015).
FIGURE 1 | Possible mechanism of the anti-tumor effects induced by berberine based on systems pharmacology. VEGFR, vascular endothelial growth factor
receptor; Akt, serine/threonine kinase; ERK, extracellular regulated protein kinases activation; MMP, Matrix Metalloproteinase; AMPK, AMP-activated protein kinase;
BAX, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma 2; ROS, reactive oxygen species.
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TP53 plays an important role in the induction of tumor cell
apoptosis. In another study, the effects of berberine on the
arachidonic acid (AA) metabolic pathway in HCC were
examined. Berberine altered the viability and apoptosis of HCC
cells in a dose-dependent fashion by inducing the translocation
of apoptosis-inducing factors between the mitochondria and
nucleus. Berberine also suppressed the levels of cytosolic
phospholipase A2 (cPLA) and COX-2, which increased the
ratio of AA to PEG-2 (Feng et al., 2012). Collectively, these
findings suggest that tumor protein p53 (TP53) is closely
associated with the anti-tumor effects induced by berberine
(Figure 1 and Table 1).
EFFECTS OF BERBERINE ON TUMOR
PROLIFERATION AND APOPTOSIS

Apoptosis is a multi-gene, strictly controlled process. These
genes are highly conserved among species, including the Bcl-2
family and caspase family. Berberine may down-regulate the
expression of XIAP, an X-linked inhibitor of apoptotic proteins,
triggering apoptosis in leukocyte-depleted p53 genes (Liu et al.,
2013). Berberine can also induce apoptosis by increasing reactive
oxygen species (ROS) in certain breast cancer cells (MCF-7 and
MDA-MBA-231). Berberine and tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) demonstrated synergistic
effects on apoptosis-induction in TNBC, with p38 MAPK
activated in response to the combined treatment. Hence,
Frontiers in Pharmacology | www.frontiersin.org 3
berberine/TRAIL induced apoptosis by regulating p38 MAPK
pathways (Refaat et al., 2015).

Several studies have reported the anti-tumor effects of
berberine in the human hepatocellular carcinoma (HCC) cell
line by inducing apoptosis. Berberine activates mitochondrial
apoptosis in HCC cells by increasing Bax expression, PT pore
formation, Cyto C release into the cytosol, and the subsequent
activation of caspase 3- and 9-signaling pathways (Wang et al.,
2010). CD147 was shown to up-regulate the expression of classic
MDR-related transporter MDR1, and it affects apoptotic
pathways in cancer cells, enhancing drug sensitivity. CD147 is
highly expressed in HCC cells, promoting tumor invasion,
metastasis, and tumor angiogenesis, and also inhibiting
apoptosis and anoikis (Kuang et al., 2009). Furthermore, Hou
et al. (2011) reported that berberine induces both apoptosis and
cell death in HepG2 cells, which correlates with the down-
regulation of CD147. Hepatic nuclear factor 4 alpha
(HNF4alpha), a key liver transcription factor, can transactivate
the Exo 70 promoter region. Berberine-mediated cell cycle arrest
occurred through the down-regulation of HNF4alpha and Exo-
70 (Yu et al., 2014). This demonstrates that berberine induces
pyroptosis in HCC. Pyroptosis is a caspase-1 dependent
programmed cell death program (Chen et al., 2016). In
addition, MiR-22-3p was lower in HCC. Berberine
demonstrated an ability to increase miR-22-3p in HCC. In
these studies, high doses of berberine inhibited cell growth at
the 24 h time interval. Berberine treatment decreased the
expression of SP1, cyclin D1, and BCL2. Berberine induced
miR-22-3p, which bound SP1 and suppressed cyclinD1
and BCL2.

Berberine has exhibited the ability to overcome multidrug
resistance, indicating its potential in tumor chemotherapy.
Coadministration of berberine and cisplatin resulted in
potentiation, and berberine sensitized the cells to cisplatin.
Furthermore, berberine increased the extent of DNA damage
and apoptosis normally induced by cisplatin (Zhao et al., 2016).
Berberine decreased breast cancer cell migration and chemokine
expression. This was determined by wound healing assays and
RNA analysis of chemokine receptors in MCF-7 breast cancer
cells (Ahmadiankia et al., 2016). Berberine has been proven to
increase the anti-tumor effects of tamoxifen (TAM) in drug-
sensitive MCF-7 and drug-resistant MCF-7/TAM cells. The
combined treatment of berberine and TAM enhanced cytotoxic
activity and induced G1 arrest and apoptosis, potentially due to
p21Cip-1 induction and increase of the BAX/BCL2 ratio (Wen
et al., 2016). The combination of berberine and curcumin has
been shown to effectively suppress growth in certain breast
cancer cell lines. The combined treatment was more effective
than treatment with either berberine or curcumin alone. The
combined treatment resulted in phosphorylation of c-Jun N-
terminal kinase (JNK) and Beclin1 and reduced the
phosphorylation of BCL-2 (Wang K. et al., 2016).

AMPK, an AMP-dependent protein kinase, is a critical
molecule in the regulation of bioenergetic metabolism and core
metabolic-related diseases. Its activation is accompanied by an
apoptotic effect in a caspase-dependent manner via the
mitochondrial pathway. Activation of AMPK leads to the
TABLE 1 | Effects of berberine on various cancer cell lines.

Cell lines Origin Effects

MCF-7, MDA-MB-
231

Breast cancer Increased BAX/BCL2 ratio and ROS;

Decreased VEGFR, Akt, ERK1,2
activation and the expression of MMP-
2,9, IL-8;
Cycle arrest and cell apoptosis

HCC, MHCC97-L,
HepG2, SMMC-
7721,

Liver cancer Down-regulation of HNF4alpha and
Exo-70, COX-2, NF-kappaB, MMP-

Be-l7402 9, TNF-a, CD147; MAPK and ERK1,2
inactivation;
TP53, mTORC1 inhibition;
Cell cycle arrest

HTB-94 Chondrosarcoma Increased TP53 and p21Cip1

expression;
Decreased cyclin B1, CDC2, CDC25c,
and pRB expression.

A549, H1299 Lung cancer Caspase-3 activation;
Decrease in Bcl-2/Bcl-xL levels;
Increase in Bax/Bak levels

LNCaP, PC-3 Prostate
carcinoma

Caspase-9 and -3 activation;

Decrease in Bcl-2/Bcl-xL levels;
Up-regulation of p21 and p27
VEGFR, vascular endothelial growth factor receptor; Akt, serine/threonine kinase; ERK,
extracellular regulated protein kinases activation; AMPK, AMP-activated protein kinase;
BAX, Bcl-2-associated X protein; Bcl-2, B-cell lymphoma 2.
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induction of apoptosis in various human cancer cell types (Ji
et al., 2010). Furthermore, berberine promoted AMPK
phosphorylation and inhibited Akt phosphorylation in HepG2
cells, leading to caspase-dependent mitochondrial pathway
apoptosis (Yang and Huang, 2013). Synergistic antitumor
effects were observed when berberine was employed in
combination with other agents to treat hepatomas. The
combined use of berberine and evodiamine could significantly
enhance the apoptosis of SMMC-7721 cells, which is related to
the up-regulation of TNF-a (Wang et al., 2008). In addition, the
use of berberine in combination with the microtubule poison
vincristine has proved efficient against hepatoma cell lines by
potentiating the pro-apoptotic effect of the individual drug
(Wang et al., 2014a). Other studies have demonstrated that the
interstitial implantation of radioactive seed 125I induced
hepatoma cell apoptosis. This effect was enhanced when 125I
was combined with berberine, which induces apoptosis, cell
degeneration, and necrosis (Wang et al., 2012). Furthermore,
the anti-tumor activity of gamma radiation is significantly
enhanced by berberine via the activation of the p38 MAPK
pathway and ROS generation in human hepatoma cells (Ma
et al., 2013). Berberine can induce apoptosis and autophagic cell
death in HEP-G2 HCC cells. Induction of apoptosis and
autophagy require AMP-activated protein kinase (AMPK),
resulting in the elevated expression of inactive acetyl-CoA
carboxylase (ACC). Inhibition of AMPK by RNAi or the
AMPK inhibitor (compound C) suppressed the effects of
berberine. In contrast, the AMPK activator AICAR stimulated
cytotoxic effects. It has been shown that berberine inhibits
mTORC1 activation by stimulating AMPK (Choi et al., 2009).
Therefore, these findings suggest that berberine alone or in
combination with other drugs possesses an anti-tumor effect
mediated via AMPK activation.
EFFECTS OF BERBERINE ON TUMOR
METASTASIS INHIBITION

Berberine has exhibited its ability to suppress tumor metastasis
(Lin et al., 2006; Serafim et al., 2008; Cai et al., 2014). Matrix
Frontiers in Pharmacology | www.frontiersin.org 4
metalloproteinases (MMPs) degrade the tissue matrix, allowing
tumor cells to break through the normal tissue barrier and invade
the surrounding normal tissue and distant organs. In vitro
studies have demonstrated that the inhibition of FAK, IKK,
NF-kB, u-PA, MMP-2, and MMP-9 significantly reduced
metastasis. Berberine inhibits the release of MMP-2 from
tumor cells and thus inhibits tumor cell destruction of the
tissue matrix.

Berberine increased the activities of numerous proteins
involved in proliferation, such as Janus Kinase 2 (JAK2),
Phosphoinositide 3-kinase (PI3K), activator protein-1 (AP-1),
and NF-kappaB (Mahata et al., 2011; Fu et al., 2013; Wu et al.,
2013; Belanova et al., 2019; El-Zeftawy et al., 2019; Jiang et al.,
2019). These proteins decreased IL-8 expression in the TNBC
cell line, MDA-MB-231. The IL-8 stimulated invasion was also
suppressed by berberine (Kim et al., 2018). Berberine also
decreased MMP-2, MMP-9, E-cadherin, EGF, bFGF, and
fibronectin in the breast cancer cells. The effect of berberine
was inhibited by JNK and p38 MAPK inhibitors and was
increased by p38 MAPK activators (Zheng et al., 2014; Zhou
et al., 2015; Zhao et al., 2019).

Berberine can also bind to the vasodilator-stimulated
phosphoprotein (VASP). VASP is over-expressed in breast
cancer cells with high mobility and inhibits polymerization.
Berberine binds VASP in MDA-MB-231 cells and suppresses
proliferation and tumor growth (Su et al., 2016).
STRUCTURAL MODIFICATION
OF BERBERINE

Modification Transformation and
Antineoplastic Activity of C-13-Substituted
Berberine Derivatives
The diverse pharmacological properties exhibited by berberine
indicate that the alkaloid has definite potential as a drug in a wide
spectrum of clinical applications. The structure of berberine
(Figure 2) represents a biologically essential skeleton and also
a natural lead compound for the introduction of various
chemical modifications at appropriate positions. The structural
FIGURE 2 | Structure of berberine and compounds 1-8.
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modification of berberine for antineoplastic activity has mainly
focused on C-9 (Iwasa et al., 1996; Krishnan and Bastow, 2000;
Pang et al., 2005; Pang et al., 2007; Cui et al., 2010; Huang et al.,
2010) and C-13 (Park et al., 2006; Ortiz et al., 2014). Therefore, to
examine the anticancer activity of the berberine derivatives, three
berberine derivatives were prepared and bioassayed on human
colon carcinoma cell lines. The results revealed that the
derivatives also induced cell cycle arrest and cell death by
apoptosis. Furthermore, the effect of the derivatives was more
potent than that of the parent compound.

To further improve the efficacy and bioavailability of the
derivatives, Yang et al. designed several cycloberberine
derivatives (Yang et al., 2008; Jin et al., 2015; Yang et al.,
2019). Among them, some compounds showed strong
inhibition on human HepG2 cells. Another researcher also
synthesized a series of cycloberberine derivatives and evaluated
their anti-cancer activity (Franceschin et al., 2006). Among them,
five compounds exhibited strong inhibition on human HepG2
cells, respectively.

In addition, 13-ethylpyridine hydrochloride berberine
derivatives produced by the Franceschin group selectively
combined with the G-quadruplex DNA in the cell growth cycle
and inhibited the activity of telomerase, demonstrating good
anti-tumor activity (Gornall et al., 2007). They also observed that
this kind of compound not only increased the stability of G-
quadruplex DNA but can also inhibit polymerases (Jin et al.,
2015). Gornall et al. studied the interaction between 13-indolyl
supersede berberine and G-quadruplex DNA and found that the
Frontiers in Pharmacology | www.frontiersin.org 5
former can selectively combine with G-quadruplex DNA but not
with double-strand DNA, which was meaningful for exploring
new measures for inhibiting tumor amplification (Li et al., 2013).
These findings indicate that berberine derivatives, like berberine,
have anti-tumor effects.
Modification Transformation and
Antineoplastic Activity of C-9-Substituted
Berberine Derivatives
Shi et al. designed and synthesized a series of new triazole
berberine derivatives (Shi et al., 2011). Most of the compounds
displayed stronger anti-tumor activity in SMMC-7721 cells than
berberine (Lo et al., 2013). Among these derivatives, compounds
12 and 13 exhibited the strongest inhibition activity in SMMC-
7721 cell lines. New 1,13-cycloprotoberberine derivatives were
designed and synthesized and their cytotoxicity evaluated in
HCT 116 (Pang et al., 2005). The results were reported to
demonstrate that the replacement of 9-methoxyl with an ester
moiety strengthened in vitro antiproliferative activity. Further
research indicated that compound 14 inhibited the activity of
DNA topoisomerase I (Top I), leading to stasis of G2/M phase to
decrease the growth of tumor cells. This group also compounded
a series of cycloberberine derivatives and evaluated their
anticancer activity in vitro. The results demonstrated that
compounds 15-17 could inhibit human HepG2 cell
proliferation induced by the inhibition of DNA Top I at the
G2/M phase (Figure 3). In addition, they designed and
FIGURE 3 | Structure of compounds 15-17.
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synthesized 9-O-bile acid berberine, which displayed much
stronger inhibition on hepatoma carcinoma cells than
berberine. This derivative also had higher reported
bioavailability (Chen et al., 2005).

Lo’s team observed that lipotropic substitutive derivatives,
such as 9-O-alkyl supersede berberine and 9-O-Terpenyl
substituted berberine, could induce apoptosis in HepG2
tumor cells and that their inhibitory activity against HepG2
and HT-29 tumor cells could be further enhanced with the
extension of the alkyl chain. Moreover, berberine can produce a
series of 9-O-berberine derivatives by pyrogenic and alkylation
reaction (Mistry et al., 2017). The reaction can convert the
methyl in the C (9) methoxy group into ethyl to compound 9-
O-ethylamine berberine, demonstrating a strong affinity with
CT DNA. Furthermore, compared to the parent berberine, the
affinity of berberine red dimer, compounded by Chen’s team
(Qin et al., 2006), for DNA increased by 100 times. Protein
POT1 is another important protein associated with telomere
extension and protection. It has been identified as a potential
drug target for cancer treatment. Xiao’s team observed that the
interaction between 9-N-supersede berberine derivatives and
POT1 could influence the effect of POT1 and telomeric DNA.
This result may provide a potential new pathway for future
cancer therapies.

Mistry and colleagues combined the C-9 replacement of
berberine and substituted 2-aminobenzothiazoles by a pentyl
side chain, which was assessed for in vitro antioxidant and
anticancer activities against tumor cells (Sun et al., 2009;
Mistry et al., 2017). The results suggest that compounds with
methoxy or cyano functional groups were the most active radical
scavengers to DPPH and ABTS. Furthermore, they also exhibited
the strongest anti-tumor activity against the HeLa and CaSki
cervical cancer cell lines, including the SK-OV-3 ovarian cancer
cell line.

Notably, the G-quadruplex in the promoter region of c-myc
took effect as a transcriptional repressor. The c-myc
transcriptional repressor 1,5-7 controlled by G-quadruplex
structure is considered an attractive target for anti-cancer
therapeutic strategies. Ma et al. (2008) explored the interaction
between 9-N-substituted berberine derivatives and G-quadruplex
DNA using electrophoretic mobility shift assay (EMSA), circular
dichroism spectroscopy (CD), the fluorescence resonance energy
transfer-melting (FRET-melting) method, polymerase chain
reaction-stop assay (PCR-stop assay), the competition dialysis
method, cell proliferation assay, and reverse transcription-
polymerase chain reaction (RT-PCR). The results indicated
that these derivatives could selectively induce and stabilize the
formation of the c-myc in the parallel molecular G-quadruplex.
Accordingly, transcription of c-myc was down-regulated in the
cancer cell line. Moreover, this result could be effective with or
without metal cations. In addition, the different structural
derivatives reported different abilities to stabilize the c-myc G-
quadruplex. Therefore, 9-N-substitutes, such as a 1,6-
diaminohexyl side chain, at the 9-position of berberine
improved the selective binding with G-quadruplex, increased
the inhibition of hybridization, and thus blocked gene expression.
Frontiers in Pharmacology | www.frontiersin.org 6
Nitric oxide (NO) is also important in various physiological
and pathophysiological processes (Chiu and Chien, 2011).
Based on recent studies, decreased levels of NO in liver
tissues may be conducive to the progression of HCC. In
addition, NO donors, such as sodium nitroprusside (SNP),
arrested the cell cycle and induced apoptosis in HepG2 cells,
suppressing proliferation, migration, and invasion of cancer
cells effectively. Therefore, in anti-tumor studies, NO donors
are usually used as substitutes for NO. Moreover, numerous
reports have demonstrated that the anti-tumor activity of NO-
donating hybrids was greater than that of sole NO donors,
parent drugs, or their combinations (Bauer et al., 2010; van der
Stoep et al., 2009; Wang et al., 2013; Dzinic et al., 2014).
Furthermore, NO-donating anti-tumor drugs do not induce
any drug resistance in tumor cells. In addition, the hydrophilic
nature of the quaternary ammonium salt is the main cause of
impaired intestinal absorption. Different lengths of alkyl
linkages can be used to improve lipophilicity and enhance
effectiveness. Hence, it is necessary to design and synthesize
a series of berberine derivatives for the treatment of HCC.
Several results have demonstrated that the majority of
derivatives with antiproliferative activity against HepG2 cells
have been a dramatic improvement on the parent compounds
(Nechepurenko et al., 2011). Among these derivatives,
compound 15a, superior to the positive control cisplatin,
exhibited the most promising activity. In structure-activity
relationship analysis, the concentration of released NO
increased slightly with the extension of the chain length. A
more detailed study indicated that compound 18 resulted in the
stasis of the G2 phase in the cell cycle and induced apoptosis in
HepG2 cells by the depolarization of the mitochondria.
Furthermore, the in vivo anti-tumor activity of compound
18 was observed in an H22 liver cancer xenograft mouse
model. Therefore, it can be stated that berberine derivatives
demonstrate anti-tumor activities (Mei et al., 2015; Zou et al.,
2017) and could be promising therapeutic agents in
cancer therapy.
CONCLUSION

Berberine and its derivatives have extensive pharmacological
actions. In this review, their anti-tumor effects and underlying
mechanisms were systemically outlined based on systems
pharmacology. This review also revealed the efficacy and
potential mechanism of action of berberine and its derivatives
when used in the treatment of complex cancers at the molecular,
cellular, and organism levels. Furthermore, several signaling
pathways were also outlined. However, there are limitations in
the study of berberine, as its anti-tumor mechanism has yet to be
fully elucidated. More importantly, there have only been a few in
vivo and pre-clinical studies evaluating berberine. However, in-
depth investigations on the efficacy of berberine and its
derivatives are ongoing, and a growing number of studies have
started focusing on the potential anti-tumor role of berberine,
January 2020 | Volume 10 | Article 1461
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possibly mediated through immune regulation. The ability of
berberine to increase chemosensitivity and reduce the side effects
of chemosensitizers has also been emphasized. Berberine and its
derivatives may be promising drugs in cancer therapy, possibly
improving clinical efficacy and safety.
AUTHOR CONTRIBUTIONS

CZ and LZ wrote the first draft. WY, JS, and XY provided the
organization and framework of the article. ZZ, LS, YW, RC, and
Frontiers in Pharmacology | www.frontiersin.org 7
GL provided critical revisions. All authors approved the final
version of the manuscript for submission.
FUNDING

This work was supported by National Key R&D Program of China
(Grant # 2018YFC1311600), Jilin Science and Technology Agency
funding (20180520124JH, 20180519003JH, 20190701078GH and
20180414050GH) and Jilin Province medical and health
talents (2019SCZT007).
REFERENCES

Ahmadiankia, N., Moghaddam, H. K., Mishan, M. A., Bahrami, A. R., Naderi-
Meshkin, H., Bidkhori, H. R., et al. (2016). Berberine suppresses migration of
MCF-7 breast cancer cells through down-regulation of chemokine receptors.
Iranian J. Of Basic Med. Sci. 19, 125–131.

Alolga, R. N., Fan, Y., Chen, Z., Liu, L. W., Zhao, Y. J., Li, J., et al. (2016).
Significant pharmacokinetic differences of berberine are attributable to
variations in gut microbiota between Africans and Chinese. Sci. Rep. 6
27671. doi: 10.1038/srep27671

Babiker, A. Y., Almatroudi, A., Allemailem, K. S., Husain, N. E. O. S., Alsammani,
M. A., Alsahli, M. A., et al. (2018). Clinicopathologic aspects of squamous cell
carcinoma of the uterine cervix: role of PTEN, BCL2 and P53. Applied Sciences-
Basel 8 (11), 10. doi: 10.3390/app8112124

Barzegar, E., Fouladdel, S., Movahhed, T. K., Atashpour, S., Ghahremani, M. H.,
Ostad, S. N., et al. (2015). Effects of berberine on proliferation, cell cycle
distribution and apoptosis of human breast cancer T47D and MCF7 cell lines.
Iranian J. Of Basic Med. Sci. 18, 334–342.

Bauer, J. A., Frye, G., Bahr, A., Gieg, J., and Brofman, P. (2010). Anti-tumor effects
of nitrosylcobalamin against spontaneous tumors in dogs. Invest. New Drugs 28
(5), 694–702. doi: 10.1007/s10637-009-9282-0

Belanova, A., Beseda, D., Chmykhalo, V., Stepanova, A., Belousova, M.,
Khrenkova, V., et al. (2019). Berberine Effects on NF kappa B, HIF1A and
NFE2L2/AP-1 pathways in HeLa Cells. Anti-Cancer Agents In Med. Chem. 19,
487–501. doi: 10.2174/1871520619666181211121405

Cai, Y. C., Xia, Q., Luo, R. Z., Huang, P. Y., Sun, Y. L., Shi, Y. X., et al. (2014).
Berberine inhibits the growth of human colorectal adenocarcinoma in vitro
and in vivo. J. Of Nat. Med. 68, 53–62. doi: 10.1007/s11418-013-0766-z

Chen, W. H., Pang, J. Y., Qin, Y., Peng, Q., Cai, Z. W., and Jiang, Z. H. (2005).
Synthesis of linked berberine dimers and their remarkably enhanced DNA-
binding affinities. Bioorg. Med. Chem. Lett. 15, 2689–2692. doi: 10.1016/
j.bmcl.2004.10.098

Chen, J., Wu, F. X., Luo, H. L., Liu, J. J., Luo, T., Bai, T., et al. (2016). Berberine
upregulates miR-22-3p to suppress hepatocellular carcinoma cell proliferation
by targeting Sp1. Am. J. Of Trans. Res. 8, 4932–4941.

Chiu, J. J., and Chien, S. (2011). Effects of disturbed flow on vascular endothelium:
pathophysiological basis and clinical perspectives. Physiol. Rev. 91, 327–387.
doi: 10.1152/physrev.00047.2009

Choi, M. S., Oh, J. H., Kim, S. M., Jung, H. Y., Yoo, H. S., Lee, Y. M., et al. (2009).
Berberine inhibits p53-dependent cell growth through induction of apoptosis
of prostate cancer cells. Int. J. Oncol. 34, 1221–1230.

Chrysovergis, A., Papanikolaou, V., Tsiambas, E., Stavraka, C., Ragos, V., Peschos,
D., et al. (2019). P53/MDM2 Co-expression in laryngeal squamous cell
carcinoma based on digital image analysis. Anticancer Res. 39, 4137–4142.
doi: 10.21873/anticanres.13572

Cui, J. S., Xu, F., Pang, J. Y., Chen, W. H., and Jiang, Z. H. (2010). Synthesis and
DNA-binding affinities of protoberberine-based multivalent agents. Chem.
Biodivers. 7, 2908–2916. doi: 10.1002/cbdv.200900386

Dai, B. L., Ma, Y. J., Yang, T. F., Fan, M. Y., Yu, R. Z., Su, Q., et al. (2019).
Synergistic effect of berberine and HMQ1611 impairs cell proliferation and
migration by regulating Wnt signaling pathway in hepatocellular carcinoma.
Phytother. Res. 33, 745–755. doi: 10.1002/ptr.6267

Draganov, A. B., Yang, X. X., Anifowose, A., De La Cruz, L. K. C., Dai, C. F., Ni, N.
T., et al. (2019). Upregulation of p53 through induction of MDM2 degradation:
Anthraquinone analogs. Bioorg. Med. Chem. 27, 3860–3865. doi: 10.1016/
j.bmc.2019.07.019

Dzinic, S. H., Chen, K., Thakur, A., Kaplun, A., Bonfil, R. D., Li, X. H., et al. (2014).
No Maspin expression in prostate tumor elicits host anti-tumor immunity.
Oncotarget 5, 11225–11236. doi: 10.18632/oncotarget.2615

El-Zeftawy, M., Ghareeb, D., Elbealy, E. R., Saad, R., Mahmoud, S., Elguindy, N.,
et al. (2019). Berberine chloride ameliorated PI3K/Akt-p/SIRT-1/PTEN
signaling pathway in insulin resistance syndrome induced in rats. J. Food
Biochem. 11. doi: 10.1111/jfbc.13049

Eo, S. H., and Kim, S. J. (2014). Berberine cell cycle arrest at the G2/M phase via
PI3K and p38 kinase in human chondrosarcoma cell line, HTB94 cells. J. Of
Biotechnol. 185, S97–S97. doi: 10.1016/j.jbiotec.2014.07.331

Eom, K. S., Hong, J. M., Youn, M. J., So, H. S., Park, R., Kim, J. M., et al. (2008).
Berberine induces G1 arrest and apoptosis in human glioblastoma T98G cells
through mitochondrial/caspases pathway. Biol. Pharm. Bull. 31, 558–562. doi:
10.1248/bpb.31.558

Feng, A. W., Gao, W., Zhou, G. R., Yu, R., Li, N., Huang, X. L., et al. (2012).
Berberine ameliorates COX-2 expression in rat small intestinal mucosa
partially through PPAR gamma pathway during acute endotoxemia. Int.
Immunopharmacol. 12, 182–188. doi: 10.1016/j.intimp.2011.11.009

Franceschin, M., Rossetti, L., D’ambrosio, A., Schirripa, S., Bianco, A., Ortaggi, G.,
et al. (2006). Natural and synthetic G-quadruplex interactive berberine
derivatives. Bioorg. Med. Chem. Lett. 16, 1707–1711. doi: 10.1016/j.bmcl.
2005.12.001

Fu, L. Y., Chen, W. B., Guo, W., Wang, J. S., Tian, Y., Shi, D. B., et al. (2013).
Berberine Targets AP-2/hTERT, NF-kappa B/COX-2, HIF-1 alpha/VEGF and
Cytochrome-c/Caspase signaling to suppress human cancer cell growth. Plos
One 8 (7), e69240. doi: 10.1371/journal.pone.0069240

Ge, L., Bao, A. X., and Yang, K. D. (2016). Determination and correlation of
the solubility for berberine chloride in pure imidazolium-based ionic
liquids. J. Chem. And Eng. Data 61, 1829–1835. doi: 10.1021/acs.
jced.5b01017

Gornall, K. C., Samosorn, S., Talib, J., Bremner, J. B., and Beck, J. L. (2007).
Selectivity of an indolyl berberine derivative for tetrameric G-quadruplex DNA.
Rapid Commun. Mass Spectrom. 21, 1759–1766. doi: 10.1002/rcm.3019

Gu, L. B., Shah, N., and Zhou, M. X. (2008). Berberine induces apoptosis in acute
lymphoblastic leukemia cells through downregulation of the MDM2
Oncoprotein. Blood 112, 575–575.

Gu, M. M., Xu, J., Han, C. Y., Kang, Y. X., Liu, T. F., He, Y. F., et al. (2015). Effects
of Berberine on cell cycle, DNA, reactive oxygen species, and apoptosis in L929
murine fibroblast cells. Evidence-Based Complement. Alternat. Med. 796306.
doi: 10.1155/2015/796306

Ho, Y. T., Yang, J. S., Lu, C. C., Chiang, J. H., Li, T. C., Lin, J. J., et al. (2009).
Berberine inhibits human tongue squamous carcinoma cancer tumor growth
in a murine xenograft model. Phytomedicine 16, 887–890. doi: 10.1016/
j.phymed.2009.02.015
January 2020 | Volume 10 | Article 1461

https://doi.org/10.1038/srep27671
https://doi.org/10.3390/app8112124
https://doi.org/10.1007/s10637-009-9282-0
https://doi.org/10.2174/1871520619666181211121405
https://doi.org/10.1007/s11418-013-0766-z
https://doi.org/10.1016/j.bmcl.2004.10.098
https://doi.org/10.1016/j.bmcl.2004.10.098
https://doi.org/10.1152/physrev.00047.2009
https://doi.org/10.21873/anticanres.13572
https://doi.org/10.1002/cbdv.200900386
https://doi.org/10.1002/ptr.6267
https://doi.org/10.1016/j.bmc.2019.07.019
https://doi.org/10.1016/j.bmc.2019.07.019
https://doi.org/10.18632/oncotarget.2615
https://doi.org/10.1111/jfbc.13049
https://doi.org/10.1016/j.jbiotec.2014.07.331
https://doi.org/10.1248/bpb.31.558
https://doi.org/10.1016/j.intimp.2011.11.009
https://doi.org/10.1016/j.bmcl.2005.12.001
https://doi.org/10.1016/j.bmcl.2005.12.001
https://doi.org/10.1371/journal.pone.0069240
https://doi.org/10.1021/acs.jced.5b01017
https://doi.org/10.1021/acs.jced.5b01017
https://doi.org/10.1002/rcm.3019
https://doi.org/10.1155/2015/796306
https://doi.org/10.1016/j.phymed.2009.02.015
https://doi.org/10.1016/j.phymed.2009.02.015
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhang et al. Berberine and Its Derivatives on Cancer
Hou, Q., Tang, X., Liu, H. Q., Tang, J. Q., Yang, Y., Jing, X. H., et al. (2011). Berberine
induces cell death in human hepatoma cells in vitro by downregulating CD147.
Cancer Sci. 102, 1287–1292. doi: 10.1111/j.1349-7006.2011.01933.x

Huang, L., Luo, Z. H., He, F., Shi, A. D., Qin, F. F., and Li, X. S. (2010). Berberine
derivatives, with substituted amino groups linked at the 9-position, as
inhibitors of acetylcholinesterase/butyrylcholinesterase. Bioorg. Med. Chem.
Lett. 20, 6649–6652. doi: 10.1016/j.bmcl.2010.09.013

Iwasa, K., Kamigauchi, M., Ueki, M., and Taniguchi, M. (1996). Antibacterial
activity and structure-activity relationships of berberine analogs. Eur. J. Of
Med. Chem. 31, 469–478. doi: 10.1016/0223-5234(96)85167-1

Jantova, S., Cipak, L., Cernakova, M., and Kost’alova, D. (2003). Effect of berberine
on proliferation, cell cycle and apoptosis in HeLa and L1210 cells. J. Of Pharm.
And Pharmacol. 55, 1143–1149. doi: 10.1211/002235703322277186

Jee, H. J., Kim, A. J., Song, N., Kim, H. J., Kim, M., Koh, H., et al. (2010). Nek6
overexpression antagonizes p53-induced senescence in human cancer cells.
Cell Cycle 9, 4703–4710. doi: 10.4161/cc.9.23.14059

Ji, C., Yang, B., Yang, Y. L., He, S. H., Miao, D. S., He, L., et al. (2010). Exogenous
cell-permeable C6 ceramide sensitizes multiple cancer cell lines to
Doxorubicin-induced apoptosis by promoting AMPK activation and
mTORC1 inhibition. Oncogene 29, 6557–6568. doi: 10.1038/onc.2010.379

Jiang, H., Song, J., Tang, Z., Gao, X., and Liu, J. (2019). Protective effect of Berberine
on spermatogenesis and reproductive competence in STZ-induced diabetic rats
via inhibiting ROS/NF kappa B/JAK2 pathway. Bju Int. 123, 10–10.

Jin, X., Yan, L., Li, H. J., Wang, R. L., Hu, Z. L., Jiang, Y. Y., et al. (2015). Novel
triazolyl berberine derivatives prepared via CuAAC click chemistry: synthesis,
anticancer activity and structure-activity relationships. Anti-Cancer Agents
Med. Chem. 15, 89–98. doi: 10.2174/1871520614666141203142012

Kim, H. S., and Jung, G. (2012). p53 transactivation domain phosphorylation level
is associated with poor clinicopathological features of wild-type p53 HCCs. J.
Gastroenterol. Hepatol. 27, 345–345.

Kim, S., You, D., Jeong, Y., Yu, J., Kim, S. W., Nam, S. J., et al. (2018). Berberine
down-regulates IL-8 expression through inhibition of the EGFR/MEK/ERK
pathway in triple-negative breast cancer cells. Phytomedicine 50, 43–49. doi:
10.1016/j.phymed.2018.08.004

Krishnan, P., and Bastow, K. F. (2000). The 9-position in berberine analogs is an
important determinant of DNA topoisomerase II inhibition. Anti-Cancer Drug
Design 15, 255–264.

Kuang, Y. H., Chen, X., Su, J., Wu, L. S., Liao, L. Q., Li, D., et al. (2009). RNA
interference targeting the CD147 induces apoptosis of multi-drug resistant
cancer cells related to XIAP depletion. Cancer Lett. 276 (2), 189–195. doi:
10.1016/j.canlet.2008.11.010

Lan, T., Wu, T., Chen, C., Chen, X. L., Hao, J., Huang, J. Y., et al. (2014). Berberine
attenuates high glucose-induced proliferation and extracellular matrix
accumulation in mesangial cells: Involvement of suppression of cell cycle
progression and NF-kappa B/AP-1 pathways. Mol. Cell. Endocrinol. 384, 109–
116. doi: 10.1016/j.mce.2014.01.022

Li, Y. B., Zhao, W. L., Wang, Y. X., Zhang, C. X., Jiang, J. D., Bi, C. W., et al. (2013).
Discovery, synthesis and biological evaluation of cycloprotoberberine
derivatives as potential antitumor agents. Eur. J. Of Med. Chem. 68, 463–
472. doi: 10.1016/j.ejmech.2013.07.026

Li, J., Li, O., Kan, M. J., Zhang, M., Shao, D., Pan, Y., et al. (2015). Berberine induces
apoptosis by suppressing the arachidonic acidmetabolic pathway inhepatocellular
carcinoma.Mol. Med. Rep. 12, 4572–4577. doi: 10.3892/mmr.2015.3926

Li, D. D., Zhang, Y. Y., Liu, K., Zhao, Y. J., Xu, B. B., Xu, L., et al. (2017a). Berberine
inhibits colitis-associated tumorigenesis via suppressing inflammatory
responses and the consequent EGFR signaling-involved tumor cell growth.
Lab. Invest. 97, 1343–1353. doi: 10.1038/labinvest.2017.71

Li, L., Wang, X. C., Sharvan, R., Gao, J. Y., and Qu, S. (2017b). Berberine could inhibit
thyroid carcinoma cells by inducing mitochondrial apoptosis, G0/G1 cell cycle
arrest and suppressing migration via PI3K-AKT and MAPK signaling pathways.
Biomed. Pharmacother. 95, 1225–1231. doi: 10.1016/j.biopha.2017.09.010

Li, J., Liu, F., Jiang, S. L., Liu, J., Chen, X. H., Zhang, S. N. A., et al. (2018).
Berberine hydrochloride inhibits cell proliferation and promotes apoptosis of
non-small cell lung cancer via the suppression of the MMP2 and Bcl-2/Bax
signaling pathways. Oncol. Lett. 15, 7409–7414. doi: 10.3892/ol.2018.8249
Frontiers in Pharmacology | www.frontiersin.org 8
Li, T., Wang, P. L., Guo, W. B., Huang, X. M., Tian, X. H., Wu, G. R., et al. (2019).
Natural berberine-based chinese herb medicine assembled nanostructures with
modified antibacterial application. Acs Nano 13, 6770–6781. doi: 10.1021/
acsnano.9b01346

Liao, S. L., Zhang, G. G., Cao, H., Chen, B. Y., Li, W. M., Wu, X., et al. (2018).
Synthesis and Anti-tumor Activities against HepG2 Cell in vitro of the
Conjugates of Honokiol, Quercetin and Berberine. Chin. J. Org. Chem. 38,
1549–1555. doi: 10.6023/cjoc201801023

Lin, C. C., Lin, S. Y., Chung, J. G., Lin, J. P., Chen, G. W., and Kao, S. T. (2006).
Down-regulation of cyclin B1 and up-regulation of Wee1 by berberine
promotes entry of leukemia cells into the G2/M-phase of the cell cycle.
Anticancer Res. 26, 1097–1104.

Liu, J., Zhang, X. L., Liu, A. G., Liu, S. Y., Zhang, L. Q., Wu, B., et al. (2013).
Berberine induces apoptosis in p53-Null leukemia cells by down-regulating
XIAP at the post-transcriptional level. Cell. Physiol. Biochem. 32, 1213–1224.
doi: 10.1159/000354520

Liu, Z. Y., Guo, L., Xiao, G., Dong, G. Y., Zhang, Y. X., Cheng, H., et al. (2018).
Significance and expression of c-erBb-2, p53, and caspase-3 in breast cancer
tissue in different age groups. Eur. J. Of Gynaecol. Oncol. 39, 430–432.

Liu, H. Q., Zheng, T. T., Zhou, Z. Q., Hu, A. Z., Li, M. H., Zhang, Z. X., et al.
(2019a). Berberine nanoparticles for promising sonodynamic therapy of a
HeLa xenograft tumour. Rsc Adv. 9, 10528–10535. doi: 10.1039/C8RA09172B

Liu, L., Fan, J. Y., Ai, G. H., Liu, J., Luo, N., Li, C. X., et al. (2019b). Berberine in
combination with cisplatin induces necroptosis and apoptosis in ovarian
cancer cells. Biol. Res. 52 (1), 37. doi: 10.1186/s40659-019-0243-6

Lo, C. Y., Hsu, L. C., Chen, M. S., Lin, Y. J., Chen, L. G., Kuo, C. D., et al. (2013).
Synthesis and anticancer activity of a novel series of 9-O-substituted berberine
derivatives: a lipophilic substitute role. Bioorg. Med. Chem. Lett. 23, 305–309.
doi: 10.1016/j.bmcl.2012.10.098

Lu, Y. C., Lin, Q., Luo, G. S., and Dai, Y. Y. (2006). Solubility of berberine chloride
in various solvents. J. Of Chem. And Eng. Data 51, 642–644. doi: 10.1021/
je0504360

Ma, Y., Ou, T. M., Hou, J. Q., Lu, Y. J., Tan, J. H., Gu, L. Q., et al. (2008). 9-N-
Substituted berberine derivatives: stabilization of G-quadruplex DNA and
down-regulation of oncogene c-myc. Bioorg. Med. Chem. 16 (16), 7582–
7591. doi: 10.1016/j.bmc.2008.07.029

Ma, C., Tang, K. L., Liu, Q., Zhu, R. X., and Cao, Z. W. (2013). Calmodulin as a
potential target by which berberine induces cell cycle arrest in human
hepatoma Bel7402 Cells. Chem. Biol. Drug Design 81, 775–783. doi: 10.1111/
cbdd.12124

Ma, G. Y., Wang, C., Lv, B. Y., Jiang, Y. Z., and Wang, L. (2019). Proteinase-
activated receptor-2 enhances Bcl2-like protein-12 expression in lung cancer
cells to suppress p53 expression. Arch. Med. Sci. 15, 1147–1153. doi: 10.5114/
aoms.2019.86980

Mahata, S., Bharti, A. C., Shukla, S., Tyagi, A., Husain, S. A., and Das, B. C. (2011).
Berberine modulates AP-1 activity to suppress HPV transcription and
downstream signaling to induce growth arrest and apoptosis in cervical
cancer cells. Mol. Cancer 10, 39. doi: 10.1186/1476-4598-10-39

Mei, X., Wu, X., Zhang, T., Liang, M., and Fan, C. (2015). [18F-Berberine
Derivatives: a Potential Molecular Imaging Agent for Tumor Targeting by
PET/CT Tumor]. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi 32 (2), 460–464.
doi: 10.7507/1001-5515.20150083

Mistry, B., Patel, R. V., Keum, Y. S., and Kim, D. H. (2017). Evaluation of the
biological potencies of newly synthesized berberine derivatives bearing
benzothiazole moieties with substituted functionalities. J. Of Saudi Chem.
Soc. 21, 210–219. doi: 10.1016/j.jscs.2015.11.002

Nechepurenko, I. V., Boyarskikh, U. A., Komarova, N. I., Polovinka, M. P.,
Filipenko, M. L., Lifshits, G. I., et al. (2011). LDLR Up-regulatory activity of
berberine and its bromo and iodo derivatives in human liver HepG2 Cells.
Doklady Chem. 439, 204–208. doi: 10.1134/S0012500811070093

Nkpaa, K. W., Awogbindin, I. O., Amadi, B. A., Abolaji, A. O., Adedara, I. A.,
Wegwu, M. O., et al. (2019). Ethanol exacerbates manganese-induced
neurobehavioral deficits, striatal oxidative stress, and apoptosis via regulation
of p53, caspase-3, and Bax/Bcl-2 ratio-dependent pathway. Biol. Trace Elem.
Res. 191, 135–148. doi: 10.1007/s12011-018-1587-4
January 2020 | Volume 10 | Article 1461

https://doi.org/10.1111/j.1349-7006.2011.01933.x
https://doi.org/10.1016/j.bmcl.2010.09.013
https://doi.org/10.1016/0223-5234(96)85167-1
https://doi.org/10.1211/002235703322277186
https://doi.org/10.4161/cc.9.23.14059
https://doi.org/10.1038/onc.2010.379
https://doi.org/10.2174/1871520614666141203142012
https://doi.org/10.1016/j.phymed.2018.08.004
https://doi.org/10.1016/j.canlet.2008.11.010
https://doi.org/10.1016/j.mce.2014.01.022
https://doi.org/10.1016/j.ejmech.2013.07.026
https://doi.org/10.3892/mmr.2015.3926
https://doi.org/10.1038/labinvest.2017.71
https://doi.org/10.1016/j.biopha.2017.09.010
https://doi.org/10.3892/ol.2018.8249
https://doi.org/10.1021/acsnano.9b01346
https://doi.org/10.1021/acsnano.9b01346
https://doi.org/10.6023/cjoc201801023
https://doi.org/10.1159/000354520
https://doi.org/10.1039/C8RA09172B
https://doi.org/10.1186/s40659-019-0243-6
https://doi.org/10.1016/j.bmcl.2012.10.098
https://doi.org/10.1021/je0504360
https://doi.org/10.1021/je0504360
https://doi.org/10.1016/j.bmc.2008.07.029
https://doi.org/10.1111/cbdd.12124
https://doi.org/10.1111/cbdd.12124
https://doi.org/10.5114/aoms.2019.86980
https://doi.org/10.5114/aoms.2019.86980
https://doi.org/10.1186/1476-4598-10-39
https://doi.org/10.7507/1001-5515.20150083
https://doi.org/10.1016/j.jscs.2015.11.002
https://doi.org/10.1134/S0012500811070093
https://doi.org/10.1007/s12011-018-1587-4
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhang et al. Berberine and Its Derivatives on Cancer
Ortiz, L. M. G., Tillhon, M., Parks, M., Dutto, I., Prosperi, E., Savio, M., et al.
(2014). Multiple Effects of Berberine Derivatives on Colon Cancer Cells.
Biomed. Res. Int. 2014, 924585. doi: 10.1155/2014/924585

Pang, J. Y., Qin, Y., Chen, W. H., Luo, G. A., and Jiang, Z. H. (2005). Synthesis and
DNA-binding affinities of monomodified berberines. Bioorg. Med. Chem. 13,
5835–5840. doi: 10.1016/j.bmc.2005.05.048

Pang, J. Y., Long, Y. H., Chen, W. H., and Jiang, Z. H. (2007). Amplification of
DNA-binding affinities of protoberberine alkaloids by appended polyamines.
Bioorg. Med. Chem. Lett. 17, 1018–1021. doi: 10.1016/j.bmcl.2006.11.037

Park, K. D., Lee, J. H., Kim, S. H., Kang, T. H., Moon, J. S., and Kim, S. U. (2006).
Synthesis of 13- (substituted benzyl) berberine and berberrubine derivatives as
antifungal agents. Bioorg. Med. Chem. Lett. 16, 3913–3916. doi: 10.1016/
j.bmcl.2006.05.033

Qin, Y., Pang, J. Y., Chen, W. H., Cai, Z., and Jiang, Z. H. (2006). Synthesis, DNA-
binding affinities, and binding mode of berberine dimers. Bioorg. Med. Chem.
14 (1), 25–32. doi: 10.1016/j.bmc.2005.07.069

Refaat, A., Abdelhamed, S., Saiki, I., and Sakurai, H. (2015). Inhibition of p38
mitogen-activated protein kinase potentiates the apoptotic effect of berberine/
tumor necrosis factor-related apoptosis-inducing ligand combination therapy.
Oncol. Lett. 10, 1907–1911. doi: 10.3892/ol.2015.3494

Ruan, H., Zhan, Y. Y., Hou, J., Xu, B., Chen, B., Tian, Y., et al. (2017). Berberine
binds RXR alpha to suppress beta-catenin signaling in colon cancer cells.
Oncogene 36, 6906–6918. doi: 10.1038/onc.2017.296

Sagar, B. P. S., Panwar, R., Sangwan, A., Tyagi, K., and Zafar, R. (2006). In-vitro
production of berberine in cultures of Berberis aristata and pharmacological
investigation for anti-hepatotoxic activity. J. Pharm. Pharmacol. 58, A54–A54.

Serafim, T. L., Oliveira, P. J., Sardao, V. A., Perkins, E., Parke, D., and Holy, J.
(2008). Different concentrations of berberine result in distinct cellular
localization patterns and cell cycle effects in a melanoma cell line. Cancer
Chemother. Pharmacol. 61, 1007–1018. doi: 10.1007/s00280-007-0558-9

Sheng, Z., Sun, Y., Zhu, R. X., Jiao, N., Tang, K. L., Cao, Z. W., et al. (2015).
Functional cross-talking between differentially expressed and alternatively
spliced genes in human liver cancer cells treated with berberine. Plos One 10
(11), e0143742. doi: 10.1371/journal.pone.0143742

Shi, A. D., Huang, L., Lu, C. J., He, F., and Li, X. S. (2011). Synthesis, biological
evaluation and molecular modeling of novel triazole-containing berberine
derivatives as acetylcholinesterase and beta-amyloid aggregation inhibitors.
Bioorg. Med. Chem. 19, 2298–2305. doi: 10.1016/j.bmc.2011.02.025

Shukla, S., Sharma, A., Pandey, V. K., Raisuddin, S., and Kakkar, P. (2016).
Concurrent acetylation of FoxO1/3a and p53 due to sirtuins inhibition elicit
Bim/PUMA mediated mitochondrial dysfunction and apoptosis in berberine-
treated HepG2 cells. Toxicol. Applied Pharmacol. 291, 70–83. doi: 10.1016/
j.taap.2015.12.006

Su, K., Hu, P. C., Wang, X. L., Kuang, C. C., Xiang, Q. M., Yang, F., et al. (2016).
Tumor suppressor berberine binds VASP to inhibit cell migration in basal-like
breast cancer. Oncotarget 7, 45849–45862. doi: 10.18632/oncotarget.9968

Sujitha, S., Dinesh, P., and Rasool, M. (2018). Berberine modulates ASK1 signaling
mediated through TLR4/TRAF2 via upregulation of miR-23a. Toxicol. Applied
Pharmacol. 359, 34–46. doi: 10.1016/j.taap.2018.09.017

Sun, Y. Y., Xun, K. L., Wang, Y. T., and Chen, X. P. (2009). A systematic review of
the anticancer properties of berberine, a natural product from Chinese herbs.
Anti-Cancer Drugs 20, 757–769. doi: 10.1097/CAD.0b013e328330d95b

Van Der Stoep, D., Braunstahl, G. J., Van Zeben, J., and Wouters, J. (2009).
Sarcoidosis during anti-tumor necrosis factor-alpha therapy: no relapse after
rechallenge. J. Rheumatol. 36, 2847–2848. doi: 10.3899/jrheum.090307

Wang, X. N., Han, X., Xu, L. N., Yin, L. H., Xu, Y. W., Qi, Y., et al. (2008).
Enhancement of apoptosis of human hepatocellular carcinoma SMMC-7721
cells through synergy of berberine and evodiamine. Phytomedicine 15, 1062–
1068. doi: 10.1016/j.phymed.2008.05.002

Wang, N., Feng, Y. B., Zhu, M. F., Tsang, C. M., Man, K., Tong, Y., et al. (2010).
Berberine induces autophagic cell death and mitochondrial apoptosis in liver
cancer cells: the cellular mechanism. J. Cell. Biochem. 111, 1426–1436. doi:
10.1002/jcb.22869

Wang, K., Zhang, C., Bao, J., Jia, X., Liang, Y., Wang, X., et al. (2016). Synergistic
chemopreventive effects of curcumin and berberine on human breast cancer
cells through induction of apoptosis and autophagic cell death. Sci. Rep. 6,
26064. doi: 10.1038/srep26064
Frontiers in Pharmacology | www.frontiersin.org 9
Wang, L. H., Liu, L. P., Shi, Y., Cao, H. W., Chaturvedi, R., Calcutt, M. W., et al.
(2012). Berberine induces caspase-independent cell death in colon tumor cells
through activation of apoptosis-inducing factor. Plos One 7 (5), e36418. doi:
10.1371/journal.pone.0036418

Wang, J. X., Zhang, B. H., Xu, D. D., Miao, G. Q., Wang, F., Guo, Q. L., et al. (2013).
Synthesis and anti-tumor activity of NO-donating derivatives of gambogic acid.
Chin. J. Nat. Med. 11, 87–96. doi: 10.1016/S1875-5364(13)60015-1

Wang, L., Wei, D. D., Han, X. J., Zhang, W., Fan, C. Z., Zhang, J., et al. (2014a).
The combinational effect of vincristine and berberine on growth inhibition and
apoptosis induction in hepatoma cells. J. Cell. Biochem. 115, 721–730. doi:
10.1002/jcb.24715

Wang, N., Zhu, M. F., Wang, X. B., Tan, H. Y., Tsao, S. W., and Feng, Y. B. (2014b).
Berberine-induced tumor suppressor p53 up-regulation gets involved in the
regulatorynetworkofMIR-23a inhepatocellular carcinoma.Biochim.EtBiophys.
Acta-Gene Regul. Mech. 1839, 849–857. doi: 10.1016/j.bbagrm.2014.05.027

Wang, H. Y., Yu, H. Z., Huang, S. M., and Zheng, Y. L. (2016). p53, Bcl-2 and cox-
2 are involved in berberine hydrochloride-induced apoptosis of HeLa229 cells.
Mol. Med. Rep. 14, 3855–3861. doi: 10.3892/mmr.2016.5696

Wang, Z., Liu, Y., Xue, Y., Hu, H., Ye, J., Li, X., et al. (2016). Berberine acts as a
putative epigenetic modulator by affecting the histone code. Toxicol In Vitro
36, 10–17. doi: 10.1016/j.tiv.2016.06.004

Wen, C. J., Wu, L. X., Fu, L. J., Zhang, X., and Zhou, H. H. (2016). Berberine
enhances the anti-tumor activity of tamoxifen in drug-sensitive MCF-7 and
drug-resistant MCF-7/TAM cells.Mol. Med. Rep. 14, 2250–2256. doi: 10.3892/
mmr.2016.5490

Wu, C. M., Li, T. M., Tan, T. W., Fong, Y. C., and Tang, C. H. (2013). Berberine
reduces the metastasis of chondrosarcoma by modulating the alpha v beta 3
integrin and the PKC delta, c-Src, and AP-1 signaling pathways. Evidence-
Based Complement. Alternat. Med. 2013, 423164. doi: 10.1155/2013/423164

Xiao, N., Chen, S., Ma, Y., Qiu, J., Tan, J. H., Ou, T. M., et al. (2012). Interaction of
Berberine derivative with protein POT1 affect telomere function in cancer cells.
Biochem. Biophys. Res. Commun. 419 (3), 567–572. doi: 10.1016/
j.bbrc.2012.02.063

Xiao, D. P., Liu, Z. B., Zhang, S. S., Zhou, M., He, F., Zou, M., et al. (2018).
Berberine derivatives with different pharmacological activities via structural
modifications. Mini-Rev. Med. Chem. 18, 1424–1441. doi: 10.2174/
1389557517666170321103139

Yan, S. W., and Asmah, R. (2017). Anti-proliferation of MDA-MB-231 Cells by
Averrhoa bilimbi Extract is associated with G0/G1 Perturbation and
Mitochondria-mediated Apoptosis Independent of p53. Int. Food Res. J. 24,
1331–1337.

Yang, X. L., and Huang, N. (2013). Berberine induces selective apoptosis through
the AMPK-mediated mitochondrial/caspase pathway in hepatocellular
carcinoma. Mol. Med. Rep. 8, 505–510. doi: 10.3892/mmr.2013.1506

Yang, P., Song, D. Q., Li, Y. H., Kong, W. J., Wang, Y. X., Gao, L. M., et al. (2008).
Synthesis and structure-activity relationships of berberine analogues as a novel
class of low-density-lipoprotein receptor up-regulators. Bioorg. Med. Chem.
Lett. 18, 4675–4677. doi: 10.1016/j.bmcl.2008.07.005

Yang, Y. S., Lu, X., Zeng, Q. X., Pang, J., Fan, T. Y., You, X. F., et al. (2019).
Synthesis and biological evaluation of 7-substituted cycloberberine derivatives
as potent antibacterial agents against MRSA. Eur. J. Med. Chem. 168, 283–292.
doi: 10.1016/j.ejmech.2019.02.058

Yu, F. S., Yang, J. S., Lin, H. J., Yu, C. S., Tan, T. W., Lin, Y. T., et al. (2007).
Berberine inhibits WEHI-3 leukemia cells in vivo. In Vivo 21, 407–412.

Yu, R., Zhang, Z. Q., Wang, B., Jiang, H. X., Cheng, L., and Shen, L. M. (2014).
Berberine-induced apoptotic and autophagic death of HepG2 cells requires
AMPK activation. Cancer Cell Int. 14, 49. doi: 10.1186/1475-2867-14-49

Zhao, Y. W., Jing, Z. L., Li, Y., and Mao, W. F. (2016). Berberine in combination
with cisplatin suppresses breast cancer cell growth through induction of DNA
breaks and caspase-3-dependent apoptosis. Oncol. Rep. 36, 567–572. doi:
10.3892/or.2016.4785

Zhao, Y., Tian, X. F., Liu, G. F., Wang, K. J., Xie, Y. Y., and Qiu, Y. X. (2019).
Berberine protects myocardial cells against anoxia-reoxygenation injury via
p38 MAPK-mediated NF-B signaling pathways. Exp. Ther. Med. 17, 230–236.
doi: 10.3892/etm.2018.6949

Zheng, F., Tang, Q., Wu, J. J., Zhao, S. Y., Liang, Z. Y., Li, L. N., et al. (2014). p38
alpha MAPK-mediated induction and interaction of FOXO3a and p53
January 2020 | Volume 10 | Article 1461

https://doi.org/10.1155/2014/924585
https://doi.org/10.1016/j.bmc.2005.05.048
https://doi.org/10.1016/j.bmcl.2006.11.037
https://doi.org/10.1016/j.bmcl.2006.05.033
https://doi.org/10.1016/j.bmcl.2006.05.033
https://doi.org/10.1016/j.bmc.2005.07.069
https://doi.org/10.3892/ol.2015.3494
https://doi.org/10.1038/onc.2017.296
https://doi.org/10.1007/s00280-007-0558-9
https://doi.org/10.1371/journal.pone.0143742
https://doi.org/10.1016/j.bmc.2011.02.025
https://doi.org/10.1016/j.taap.2015.12.006
https://doi.org/10.1016/j.taap.2015.12.006
https://doi.org/10.18632/oncotarget.9968
https://doi.org/10.1016/j.taap.2018.09.017
https://doi.org/10.1097/CAD.0b013e328330d95b
https://doi.org/10.3899/jrheum.090307
https://doi.org/10.1016/j.phymed.2008.05.002
https://doi.org/10.1002/jcb.22869
https://doi.org/10.1038/srep26064
https://doi.org/10.1371/journal.pone.0036418
https://doi.org/10.1016/S1875-5364(13)60015-1
https://doi.org/10.1002/jcb.24715
https://doi.org/10.1016/j.bbagrm.2014.05.027
https://doi.org/10.3892/mmr.2016.5696
https://doi.org/10.1016/j.tiv.2016.06.004
https://doi.org/10.3892/mmr.2016.5490
https://doi.org/10.3892/mmr.2016.5490
https://doi.org/10.1155/2013/423164
https://doi.org/10.1016/j.bbrc.2012.02.063
https://doi.org/10.1016/j.bbrc.2012.02.063
https://doi.org/10.2174/1389557517666170321103139
https://doi.org/10.2174/1389557517666170321103139
https://doi.org/10.3892/mmr.2013.1506
https://doi.org/10.1016/j.bmcl.2008.07.005
https://doi.org/10.1016/j.ejmech.2019.02.058
https://doi.org/10.1186/1475-2867-14-49
https://doi.org/10.3892/or.2016.4785
https://doi.org/10.3892/etm.2018.6949
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Zhang et al. Berberine and Its Derivatives on Cancer
contribute to the inhibited-growth and induced-apoptosis of human lung
adenocarcinoma cells by berberine. J. Exp. Clin. Cancer Res. 33, 36. doi:
10.1186/1756-9966-33-36

Zhou, Y., Liu, S. Q., Yu, L., He, B., Wu, S. H., Zhao, Q., et al. (2015). Berberine
prevents nitric oxide-induced rat chondrocyte apoptosis and cartilage
degeneration in a rat osteoarthritis model via AMPK and p38 MAPK
signaling. Apoptosis 20, 1187–1199. doi: 10.1007/s10495-015-1152-y

Zhu, X. H., Sun, Y. D., Zhang, C. G., and Liu, H. F. (2017). Effects of berberine on a
rat model of chronic stress and depression via gastrointestinal tract pathology
and gastrointestinal flora profile assays. Mol. Med. Rep. 15, 3161–3171. doi:
10.3892/mmr.2017.6353

Zou, K., Li, Z., Zhang, Y., Zhang, H. Y., Li, B., Zhu, W. L., et al. (2017). Advances in
the study of berberine and its derivatives: a focus on anti-inflammatory and
Frontiers in Pharmacology | www.frontiersin.org 10
anti-tumor effects in the digestive system. Acta Pharmacol. Sin. 38, 157–167.
doi: 10.1038/aps.2016.125

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zhang, Sheng, Li, Zhao, Wang, Yang, Yao, Sun, Zhang and Cui.
This is an open-access article distributed under the terms of the Creative Commons Attri-
butionLicense (CCBY).Theuse, distributionor reproduction inother forums is permitted,
providedtheoriginalauthor(s)andthecopyrightowner(s)arecreditedandthat theoriginal
publication in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
January 2020 | Volume 10 | Article 1461

https://doi.org/10.1186/1756-9966-33-36
https://doi.org/10.1007/s10495-015-1152-y
https://doi.org/10.3892/mmr.2017.6353
https://doi.org/10.1038/aps.2016.125
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Effects of Berberine and Its Derivatives on Cancer: A Systems Pharmacology Review
	Introduction
	Effects of Berberine on p53 and the Cell Cycle
	Effects of Berberine on Tumor Proliferation and Apoptosis
	Effects of Berberine on Tumor Metastasis Inhibition
	Structural Modification of Berberine
	Modification Transformation and Antineoplastic Activity of C-13-Substituted Berberine Derivatives
	Modification Transformation and Antineoplastic Activity of C-9-Substituted Berberine Derivatives

	Conclusion
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


