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Abstract
Studies indicate that inhibiting a single signaling pathway or one single product of a gene is insufficient for the prevention 
and treatment of cancer. This is due to the fact that dysregulation must occur in more than 500 genes in order to produce a 
cancerous phenotype. Despite this evidence, available drugs used for cancer treatment focus on a single target. Meanwhile, 
berberine as a nutraceutical is capable of targeting various processes involved in tumor development including proliferation, 
invasion, angiogenesis, and metastasis. In comparison with synthetic agents, berberine is cheaper, safer, and more available. 
Berberine has shown anti-inflammatory properties which make it an ideal option in order to prevent inflammation-associated 
cancers. Colorectal cancer is one of the most common cancers all over the world and its incidence is increasing each day. 
Therefore, further investigations about berberine could be helpful in the discovery of novel agents for preventing and/or 
treating colorectal cancer. This review emphasizes the studies investigating the roles of berberine in colorectal cancer such 
as controlling cell signaling pathways, inducing apoptosis, regulating microRNAs, attenuating oxidative stress, and affect-
ing inflammation.
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Abbreviations
CRC​	� Colorectal cancer
miRNA	� MicroRNA
NF-κB	� Nuclear factor-κB

IBD	� Inflammatory bowel disease
IMCE	� Immorto-min colonic epithelial
AIF	� Apoptosis-inducing factor
ROS	� Reactive oxygen species
PARP	� Poly (ADP-ribose) polymerase
lncRNAs	� Long non-coding RNAs
CASC2	� Cancer susceptibility candidate 2

Introduction

Colorectal cancer (CRC) is the fourth cause of cancer-related 
death and the third most common cancer all over the world 
[1]. Moreover, the incidence rate of this cancer is increasing 
[1]. While colon and rectum are two parts of the gastroin-
testinal system where the CRC occurs, in most of the cases, 
this cancer involves the sigmoid colon [2, 3]. Adenomatous 
polyps or adenomas slowly lead to a large number of CRCs 
[4]. Due to the high rate of intestinal epithelium turnover, it 
is a potential hotspot for the formation of malignancies such 
as CRC [5]. At first, it was believed that genetic factors are 
responsible for morphological tissue alterations but nowa-
days, many investigations have shown that this disease can 
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also be acquired [6]. 90–95% of all cancers are attributed to 
lifestyle and environment [7]. Meanwhile, genetic factors are 
only responsible for 5–10% of cancers [7]. Evidence sug-
gests that a higher intake of fruits and vegetables lead to a 
reduced risk of various cancers including esophageal cancer, 
gastric cancer, and CRC [8, 9]. Data have shown that approx-
imately 35% of cancer-related deaths are associated with diet 
[7]. In addition, it is estimated that a remarkable number of 
new cancer cases are associated with suboptimal diet [10]. 
A large number of studies concerned with the role of diet 
and food consumption in cancers of the lung [11], breast 
[12], prostate [13], skin [14], and gastrointestinal tract [15].

Since interruption in the regulation of more than 500 
genes is needed to cause a cancerous phenotype in cell sign-
aling pathways, inhibiting one of these signaling pathways 
or a single gene product would neither prevent nor treat can-
cers [16]. In spite of this fact, most of the drugs which are 
currently used to treat cancers focus on a single target [16]. 
Thus, nowadays, a combination of multiple drugs having one 
target or design drugs modulating several targets is the para-
digm for anti-cancer therapies [16]. Nutraceuticals which 
are plant-derived dietary agents have been shown to have 
multi-targeting features [16]. In comparison with synthetic 
agents, nutraceuticals are cheaper, safer and more readily 
available [16]. Any substance which is a food or part of 
food with medical and health benefits can be considered as 
a nutraceutical [17]. There are various nutraceuticals target-
ing multiple steps in the development of tumor cells [18]. 
Some of these nutraceuticals are allicin, apigenin, berber-
ine, celastrol, curcumin and quercetin [19]. These agents are 
involved in different cancer mechanisms including survival, 
proliferation, invasion, angiogenesis, and metastasis [19, 
20]. In addition, nutraceuticals modulate nuclear factor-κB 
(NF-κB) which is an important inflammatory transcription 
factor [19]. Therefore, nutraceuticals affect inflammation 
which is a prominent agent for enhancing the progression 
of tumors [19]. We further discuss the role of berberine as 
a nutraceutical and its anti-tumor effects on CRC molecular 
aspects and cell signaling pathways.

Colorectal cancer risk and preventive factors

Based on a study on twins, inheritable factors can cause 
about 35% of CRC risk [21]. Genetic factors playing a role 
in this cancer are not well-understood yet except for the 
hereditary types like familial adenomatous polyposis and 
hereditary non-polyposis colon cancer (Lynch syndrome) 
[21]. Moreover, a small association between single nucleo-
tide polymorphisms (SNPs) and CRC risk is suggested by 
meta-analyses studies [21]. Findings suggest that overall 
incidence is higher in men compared to women [22]. Age 
and gender, two important factors involved in CRC, are 

accompanied by risk factors such as inflammatory bowel 
disease (IBD) [23], obesity [24], diabetes [25], smoking 
[26], immoderate consumption of alcohol [27], red and pro-
cessed meat consumption [28] and family history of CRC 
[29]. Frequently, these factors happen at the same time and 
interact with one another. The role of infectious agents like 
Helicobacter pylori has been investigated in some novel 
studies [30]. There are several ways to prevent this cancer 
including hormone replacement therapy [31], aspirin [32], 
physical activity [33] and removing precancerous lesions 
with the help of endoscopy [34, 35]. Furthermore, evidence 
has shown that consumption of certain foods can prevent 
CRC including fish [36], dairy products [37], whole grains 
[38], fruit, vegetables and cereal fiber [39].

Berberine effects on different health 
conditions

An ammonium salt from the protoberberine group of isoqui-
noline alkaloids called berberine has vast pharmacological 
effects such as antimicrobial, antidiabetic and anti-tumor 
functions [40, 41]. Several plants have been found to have 
berberine including Berberis (e.g. Berberis aquifolium, 
Berberis vulgaris, Berberis aristata), Hydrastis canadensis, 
Xanthorhiza simplicissima, Phellodendron amurense, Coptis 
chinensis, Tinospora cordifolia, Argemone mexicana, and 
Eschscholzia californica [40]. Berberine has shown anti-
inflammatory and antioxidant properties in vitro [42]. It has 
demonstrated protective characteristics such as neuropro-
tective and cardiovascular protective within animal models 
[43, 44]. Moreover, numerous studies present that berberine 
decreases lipid levels and improves resistance to insulin in 
humans [40]. In this review, we focus on multiple roles of 
berberine in CRC tumor development such as inducing pro-
grammed cell death (both caspase-dependent and caspase-
independent), regulating microRNAs (miRNAs), controlling 
signaling pathways (Pin1/beta-catenin/cyclinD1 pathway, 
Wnt/β-catenin pathway, COX-2/PGE2- JAK2/STAT3 path-
way and IL-6/STAT3/NF-κB pathway), and acting as an 
anti-inflammatory and antioxidant agent.

Berberine‑induced cell death in CRC​

One of the well-known types of programmed cell death is 
apoptosis which happens in a caspase-dependent manner 
[45]. There are two pathways regulating caspase-depend-
ent apoptosis, extrinsic and intrinsic [45]. The former 
one is “death-receptor-mediated” and the latter one is 
“mitochondrial-mediated” [45]. An alternative mitochon-
drial route which is caspase-independent is another way 
that programmed cell death can occur [46]. What leads to 
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this process is the loss of mitochondrial function causing 
caspase-independent cell death by the release of mitochon-
drial proteins [47]. Berberine has been observed to induce 
apoptosis in colon cancer cells with many different mecha-
nisms. One of these mechanisms is through the caspase 3 
and caspase 8 activation as well as cleavage of poly ADP-
ribose polymerase (PARP) [48]. Meanwhile, it remarkably 
reduces c-IAP1, Bcl-2, and Bcl-(XL) expressions which 
are anti-apoptotic factors [48]. Berberine-induced apop-
tosis leads to JNK and P38 MAPK phosphorylation and 
formation of reactive oxygen species (ROS) [48]. Besides, 
activation of JNK and p38 signaling modulators in berber-
ine-induced apoptosis causes an increase in phospho-c-
Jun, FasL, and t-BID cellular levels [48].

Berberine activates a metabolic regulator called AMP-
activated protein kinase (AMPK), [49]. Mammalian target 
of rapamycin (mTOR), a downstream target of AMPK, is 
suppressed by berberine [49]. In vitro, berberine leads to 
a reduction in cyclin D1 and survivin expression, NF-κB 
activity inhibition, an increase in caspase 3 cleavage and 
induction of p53 phosphorylation [49]. Also, berberine 
results in AMPK activation, mTOR suppression, p65 phos-
phorylation and caspase 3 cleavage activation in vivo [49]. 
In Dai et al. [50] study, it is observed that when treating 
cells with berberine, lncRNA cancer susceptibility candi-
date 2 (CASC2) was up-regulated. Silencing the lncRNA 
CASC2 led to the suppression of apoptosis which was 
induced by berberine [50]. Thus, this lncRNA is a cru-
cial element for berberine-induced apoptosis. LncRNA 
CASC2 acts as a tumor suppressor in different cancers 
and makes a suppressing effect on Bcl-2 protein level [50]. 
Since it is shown that lncRNA CASC2 regulates expres-
sion of Bcl-2 protein, but it doesn’t affect its mRNA levels, 
it can be concluded that its regulatory effect is at the post-
transcriptional level [50]. Altogether, berberine induces 
apoptosis mediated by lncRNA CASC2 and has anti-tumor 
effects such as suppressing tumor cells viability [50]. In 
an in vitro study on the mouse immorto-Min colonic epi-
thelial (IMCE) cells, administering berberine induced 
the release of apoptosis-inducing factor (AIF), caspase-
independent cell death mediator, in a manner which was 
dependent on ROS production [51]. Additionally, berber-
ine stimulates the release of cathepsin B and activation of 
PARP which are two targets of ROS production in cells 
[51]. As a result, AIF activation leads to caspase-inde-
pendent cell death in colon cancer tissues [51]. Since nor-
mal colon epithelial cells do not show such a vulnerabil-
ity to berberine-induced cell death, this anti-proliferative 
feature of berberine is specific for colon tumor cells [51].

Berberine and miRNA

Based on recent evidence, miRNA changes are responsible 
for the formation and progression of various human cancers 
[52, 53]. Location of miRNA genes in cancer-related genomic 
regions, epigenetic processes and changes in miRNA process-
ing machinery are some of the explanations about why these 
genes are differentially expressed in malignancies compared 
with normal tissues [54]. Due to the unique miRNA-expres-
sion features of tumors, miRNAs can be used in different 
ways including diagnosis, staging, progression, prognosis, 
and response to treatment [54]. Berberine regulatory effects 
on miRNAs which are dysregulated in malignancies make it 
a potential agent for treating cancers. Multiple myeloma [55], 
ovarian cancer [56], endometrial cancer [57] and CRC [58] 
are some examples of cancers in which berberine can affect 
miRNAs.

Berberine is capable of changing the expression of vari-
ous genes which are involved in the apoptosis regulation, 
progression of cell cycle and drug resistance by the TP53 
stimulation and miRNAs expression [59]. Compared to nor-
mal tissues, mi-429 has a higher expression level in CRC 
which implies that it is an oncomir [60]. While berberine 
inhibits the E-cadherin and partitioning defective 3 (Par-3), 
with berberine and evodiamine treatment, there is a reduc-
tion in miR-429 levels in the tumor cells [58]. Berberine and 
evodiamine have demonstrated a notable impact on DNMTs 
expression and target miRNAs during colon cancer forma-
tion [58]. Their effect on miR-29a expression was more clear 
which indicates that berberine and evodiamine mediate the 
DNMTs expression and miRNAs through a process engaging 
various factors targeting [61]. During the progress of CRC, 
expression of microRNA-296 (miR-296) is lost progressively 
and is associated with metastasis [62]. In NVP-AUY922 treat-
ment, drug resistance has been observed as a side effect due 
to the higher expression levels of survivin [63]. Berberine 
decreases the growth of the normally resistant cells when it is 
used in combination with NVP-AUY922 which is an HSP-90 
suppressor [63]. Berberine exerts this function by inhibiting 
Pin1/beta-catenin/cyclinD1 signaling pathway mediated by 
miR-296-5p and suppressing the expression of CDK4 [63]. 
As we mentioned above, Dai et al. [50] concluded that ber-
berine upregulates the CASC2 which is critical for anti-tumor 
effects of berberine. Meanwhile, it is suggested that CASC2 
plays its anti-tumor role by acting as competing endogenous 
RNA through miR-18a sponging in CRC [64].
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Berberine role as an RXRα in cell signal 
pathway

One of the possible reasons for the anti-tumor charac-
teristics of berberine is its strong binding to DNA which 
may result in epigenetic changes [65]. A reduction in the 
number and the size of colorectal polyps has been seen 
in patients who suffered familial adenomatous polyposis 
with the oral administration of berberine soon after the 
polypectomy [66]. This effect was associated with sig-
nificant diminution in the expression of cyclin D1 [66]. 
Cyclin D1 up-regulation is linked with tumorigenesis of 
the colon and its metastasis which is due to the activa-
tion of Wnt/β-catenin signaling pathway [67]. Whereas, 
berberine has shown preventive effects on the β-catenin 
pathway [67]. Wnt/β-catenin signaling pathway has a wide 
interaction with members of the nuclear receptor super-
family [68]. One of these members is retinoid X receptor 
α (RXRα) which has been indicated modulatory roles on 
the β-catenin signaling [69, 70]. Therefore, the unusual 
activation of the β-catenin pathway could be a result of 
abnormal RXRα function [71]. In fact, in colon tumor tis-
sues, abnormal alteration of RXRα protein is usually seen 
[72]. Moreover, RXRα genetic diversity is linked with the 
colorectal adenoma risk of recurrence [73]. Besides, in 
CRC tissues, excessive phosphorylation of RXRα occurs 
which is a cause to inhibition of RXRα transactivation 
[74]. Based on several findings investigating the role of 
RXRα agonists and factors binding to it, RXRα can be 
considered as a target for colon cancer treatments [71, 
75–77]. In addition, Ruan et al. [71] found that berber-
ine could be a novel RXRα activator. They gathered evi-
dence suggesting that binding of berberine to RXRα by a 
unique binding mechanism, which enhances the interac-
tion between RXRα and nuclear β-catenin, results in sup-
pression of β-catenin signaling both in vitro and in vivo 
animals [71].

Berberine and inflammation

There is an important association between chronic inflam-
mation and cancer progression [78]. 15–20% of all can-
cer-related deaths have been estimated to be related to 
inflammatory processes and underlying infections [79]. 
IBDs such as Crohn’s disease and Ulcerative colitis lead 
to a higher risk of colitis-associated CRCs which show 
poor prognoses [80, 81]. These findings imply that chronic 
inflammation in the gut could lead to the initiation of tum-
origenesis and promoting cancer development. Besides, 
the role of inflammatory cytokines and tumor-infiltrating 

immune cells has been indicated in CRC after the primary 
tumors development [82]. Innate immune cells (including 
macrophages, neutrophils, and dendritic cells) and adap-
tive immune cells (including T and B cells) are involved in 
the inflammation giving rise to the secretion of extremely 
genotoxic compounds, oxygen/ nitrogen reactive species 
[83]. In addition, immune cells result in the release of pro-
inflammatory cytokines such as interleukin (IL)-6, IL-8, 
IL-1β and tumor necrosis factor-α (TNF-α) and growth 
factors [84]. While these mediators are produced through 
various signaling pathways such as NF-κB, signal trans-
ducer and activator of transcription 3 (STAT3), PI3K/
AKT, and cyclooxygenase-2 (COX-2)/prostaglandin E2 
(PGE2), they have a role in multiple mechanisms such as 
proliferation, angiogenesis, invasion and metastasis [84].

Due to the similarities of inflammatory environment and 
tumor microenvironment, it is implied that the same agents 
are involved in the chronic intestinal inflammation and for-
mation of CRC [85]. Thus, there is a link between inflam-
matory mediators and prevalence of colorectal adenomas 
[85]. In a dose-dependent manner, COX-2 is inhibited by 
berberine at mRNA and protein level [86]. Besides, ber-
berine reduces COX-2 activity and the concentration of 
prostaglandin E2 [86]. These data suggest that berberine 
suppresses the growth and proliferation of human colon cell 
line, HT29 [86]. Another finding indicates that berberine 
decreases JAK2 and STAT3 phosphorylation as well as 
MMP-2/-9 expression [87]. The reduction in the JAK2/
STAT3 signaling is a consequent of attenuating the COX-2/
PGE2 expression [87]. As a result, berberine prevents the 
proliferation, invasion, and metastasis of CRC cells both 
in vitro and in vivo by down-regulation of COX-2/PGE2- 
JAK2/STAT3 signaling pathway [87]. Li et al. [88] found 
that berberine exerts its anti-proliferative effect by involving 
inflammatory response-driven EGFR signaling in order to 
prevent the further progress of colitis-associated CRC. In a 
recent study of ulcerative colitis, it is reported that treatment 
with berberine hydrochloride and sulphasalazine led to the 
suppression of IL-1, IL-1β, IL-6, IL-12, TNF-α, TGF-β, and 
IFN-γ and higher expression levels of IL-4 and IL-10 [89]. 
Biochemical analyses suggest a higher expression level of 
p-STAT3 and down-regulation of p-NF-κB (p65) [89]. Con-
sequently, the suppressing effect of berberine hydrochloride 
on IL-6/STAT3/NF-κB signaling pathway is the probable 
process by which berberine plays its anti-inflammatory role 
[89].

Antioxidative effects of berberine on CRC​

Oxidative stress affecting DNA sequences could lead to 
the CRC and results in the transformation of adenoma to 
carcinoma [90]. Several studies suggested that antioxidants 
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have positive impacts on CRC [91]. Although there is not 
enough evidence to confirm the exact effects of antioxidants 
on human CRC, antioxidant consumption is recommended 
to the patients having a history of CRC or IBD [90]. Gegen 
Qinlian is a decoction of Chinese medicinal herb which is 
proved to have beneficial effects in the ulcerative colitis [92]. 
Baicalin, glabridin, and berberine are some of the active 
components of Gegen Qinlian which are indicated to reduce 
the inflammation and oxidative stress in vivo and in vitro 
[93–95]. Li  et al. [96] investigated the effect of Gegen 
Qinlian on mice ulcerative colitis and concluded that this 
decoction decreases inflammation and oxidative stress as 
evidenced by a reduction in the activity of myeloperoxidase 
and malondialdehyde level and increase in the content of 
glutathione in vivo. Other findings also show that berberine 
decreases myeloperoxidase levels as well as increases the 
levels of superoxide dismutase and catalase [97]. Myelop-
eroxidase, superoxide dismutase, and catalase are enzymes 
which play important roles in inflammation and oxidative 
stress [98–102]. While myeloperoxidase is an indicator of 
oxidative damage, superoxide dismutase and catalase serve 
as antioxidants [103]. Cytokines, growth factors and oxida-
tive stress are activators of STAT3 which is a transcriptional 
activator [104, 105]. Berberine has been shown to prevent 
the phosphorylation of STAT3 in mice with colitis suggest-
ing that the anti-inflammatory and antioxidant effects of 

berberine in colitis are possibly related to the reduction of 
p-STAT3 [97].

Conclusions

Berberine is an isoquinoline alkaloid which is found in 
several plants such as Berberis, Xanthorhiza simplicis-
sima, Phellodendron amurense, Coptis chinensis, and 
Tinospora cordifolia. Berberine has shown multiple bio-
activities such as improving insulin resistance and anti-
tumor properties as well as cardiovascular protective and 
neuroprotective features. Berberine anti-tumor charac-
teristics encompass preventing tumor growth, invasion, 
migration and metastasis. Related to CRC, berberine has 
demonstrated many functions which may lead to preven-
tion or treatment of this cancer. For instance, berberine 
induces both caspase-dependent and caspase-independent 
programmed cell death, regulates miRNAs, and involves 
different signaling pathways. Moreover, berberine attenu-
ates oxidative stress and inhibits inflammation. In order 
to exert its functions, berberine makes various effects on 
proteins (c-IAP1, Bcl-2, and Bcl-XL), enzymes (PARP, 
DNMT), and miRNAs (miR-429, miR-296) (Table  1; 
Fig. 1). Altogether, there is a necessity for further com-
prehensive investigations with the purpose of clarifying 
berberine roles in CRC. Hopefully, berberine can be used 

Table 1   Experimental studies that investigated the apoptosis-inducing role of berberine in CRC​

Dosage Treatment duration Function Type of cell Study model References

40 μM 48 h Induces apoptosis, upregulates 
LncRNA CASC2

HT29 In vitro [50]

50 µM and 100 µM 18 h Induces caspase-independent cell 
death, stimulating AIF

IMCE In vitro [51]

50 µM 24 h Induces caspase 3- and caspase 
8-dependent cell death

SW620 In vitro [48]

Up to 100 μmol/L 24, 48 and 72 h Actives AMPK, increases caspase 
3 cleavage

HCT116, SW480 In vivo, in vitro [49]

10 µM 24 h Induces apoptosis mediated by 
mitochondria central roll

HCT116 In vitro [106]

120 and 240 mg/kg Five times a week up to the 20th 
week

Induces caspase 3-dependent 
apoptosis

HCT116 In vitro [107]

10 µM 48 h Inhibits NF-κB activation, enhances 
CPT-11-induced apoptosis

HCT116 In vitro [108]

25 μM 24 h Induces caspase 3- and caspase 
9-dependent apoptosis

SW480 In vitro [109]

10 μM and 50 µM 4 days and 2 days, respectively Induces apoptosis in which NAG-1 
and ATF3 expression is involved, 
reduces cell proliferation

HCT116 In vitro [110]

– – Induces apoptosis which possibly 
involves death receptor pathway

HCT8 In vitro [111]

75 mg /Kg 15 days prior DMH intoxication 
and concurrently with DMH over 
eight weeks

Induces apoptosis, ameliorates 1,2 
Di methyl hydrazine induced 
colon cancer

– In vitro [112]
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as a novel multi-targeting therapeutic agent instead of the 
current single-targeted drugs.

Author contributions  JH and PMD contributed in conception, design, 
and drafting of the manuscript. MM, ZA, MAM, MS, and BY contrib-
uted in data collection and manuscript drafting. All authors approved 
the final version for submission. BY oversaw the study.

Funding  Not applicable.

Compliance with ethical standards 

Conflict of interest  The authors declare no conflicts of interest.

References

	 1.	 Marmol I, Sanchez-de-Diego C, Pradilla Dieste A, Cerrada E, 
Rodriguez Yoldi MJ. Colorectal carcinoma: a general over-
view and future perspectives in colorectal cancer. Int J Mol Sci. 
2017;18(1):E197.

	 2.	 Marley AR, Nan H. Epidemiology of colorectal cancer. Int J Mol 
Epidemiol Genet. 2016;7:105–14.

	 3.	 Remo A, Fassan M, Vanoli A, Bonetti LR, Barresi V, Tatangelo 
F, et al. Morphology and molecular features of rare colorectal 
carcinoma histotypes. Cancers (Basel). 2019;11(7):1036.

	 4.	 Delavari A, Mardan F, Salimzadeh H, Bishehsari F, Khosravi 
P, Khanehzad M, et al. Characteristics of colorectal polyps and 
cancer; a retrospective review of colonoscopy data in iran. Mid-
dle East J Dig Dis. 2014;6:144–50.

Fig. 1   Schematic representation in targeting different pathways using berberine as a novel therapeutic approach in the treatment of colorectal 
cancer



Medical Oncology (2020) 37:49	

1 3

Page 7 of 9  49

	 5.	 van Neerven SM, Vermeulen L. The interplay between intrinsic 
and extrinsic Wnt signaling in controlling intestinal transfor-
mation. Differentiation. 2019;108:17–23.

	 6.	 Aran V, Victorino AP, Thuler LC, Ferreira CG. Colorectal 
Cancer: Epidemiology, disease mechanisms and interven-
tions to reduce onset and mortality. Clin Colorectal Cancer. 
2016;15:195–203.

	 7.	 Anand P, Kunnumakkara AB, Sundaram C, Harikumar 
KB, Tharakan ST, Lai OS, et  al. Cancer is a preventable 
disease that requires major lifestyle changes. Pharm Res. 
2008;25:2097–116.

	 8.	 Lee J, Shin A, Oh JH, Kim J. Colors of vegetables and fruits 
and the risks of colorectal cancer. World J Gastroenterol. 
2017;23:2527–38.

	 9.	 Abnet CC, Corley DA, Freedman ND, Kamangar F. Diet 
and upper gastrointestinal malignancies. Gastroenterology. 
2015;148:1234–43.

	 10.	 Zhang FF, Cudhea F, Shan Z, Michaud DS, Imamura F, Eom H, 
et al. Preventable cancer burden associated with poor diet in the 
United States. JNCI Cancer Spectr. 2019;3:pkz034.

	 11.	 Cranganu A, Camporeale J. Nutrition aspects of lung cancer. Nutr 
Clin Pract. 2009;24:688–700.

	 12.	 Bougnoux P, Hajjaji N, Maheo K, Couet C, Chevalier S. Fatty 
acids and breast cancer: sensitization to treatments and preven-
tion of metastatic re-growth. Prog Lipid Res. 2010;49:76–86.

	 13.	 Syed DN, Suh Y, Afaq F, Mukhtar H. Dietary agents for chemo-
prevention of prostate cancer. Cancer Lett. 2008;265:167–76.

	 14.	 Khan N, Afaq F, Mukhtar H. Cancer chemoprevention through 
dietary antioxidants: progress and promise. Antioxid Redox Sig-
nal. 2008;10:475–510.

	 15.	 Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant 
supplements for preventing gastrointestinal cancers. Cochrane 
Database Syst Rev. 2008;2008:CD004183.

	 16.	 Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, Aggarwal 
BB. Curcumin and cancer: an "old-age" disease with an "age-
old" solution. Cancer Lett. 2008;267:133–64.

	 17.	 Aronson JK. Defining ’nutraceuticals’: neither nutritious nor 
pharmaceutical. Br J Clin Pharmacol. 2017;83:8–19.

	 18.	 Gupta S, Sharma A, Mishra S, Awasthee N. Nutraceuticals for 
the prevention and cure of cancer. Cham: Springer; 2019. p. 
603–610.

	 19.	 Gupta SC, Kim JH, Prasad S, Aggarwal BB. Regulation of sur-
vival, proliferation, invasion, angiogenesis, and metastasis of 
tumor cells through modulation of inflammatory pathways by 
nutraceuticals. Cancer Metastasis Rev. 2010;29:405–34.

	 20.	 Aggarwal BB, Van Kuiken ME, Iyer LH, Harikumar KB, Sung B. 
Molecular targets of nutraceuticals derived from dietary spices: 
potential role in suppression of inflammation and tumorigenesis. 
Exp Biol Med (Maywood). 2009;234:825–49.

	 21.	 Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet. 
2014;383:1490–502.

	 22.	 White A, Ironmonger L, Steele RJC, Ormiston-Smith N, Craw-
ford C, Seims A. A review of sex-related differences in colorectal 
cancer incidence, screening uptake, routes to diagnosis, cancer 
stage and survival in the UK. BMC Cancer. 2018;18:906.

	 23.	 Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal can-
cer in patients with ulcerative colitis: a meta-analysis of pop-
ulation-based cohort studies. Clin Gastroenterol Hepatol. 
2012;10:639–45.

	 24.	 Ma Y, Yang Y, Wang F, Zhang P, Shi C, Zou Y, et al. Obesity 
and risk of colorectal cancer: a systematic review of prospective 
studies. PLoS ONE. 2013;8:e53916.

	 25.	 Jiang Y, Ben Q, Shen H, Lu W, Zhang Y, Zhu J. Diabetes mellitus 
and incidence and mortality of colorectal cancer: a systematic 
review and meta-analysis of cohort studies. Eur J Epidemiol. 
2011;26:863–76.

	 26.	 Liang PS, Chen TY, Giovannucci E. Cigarette smoking and 
colorectal cancer incidence and mortality: systematic review 
and meta-analysis. Int J Cancer. 2009;124:2406–15.

	 27.	 Fedirko V, Tramacere I, Bagnardi V, Rota M, Scotti L, Islami F, 
et al. Alcohol drinking and colorectal cancer risk: an overall and 
dose-response meta-analysis of published studies. Ann Oncol. 
2011;22:1958–72.

	 28.	 Chan DS, Lau R, Aune D, Vieira R, Greenwood DC, Kampman 
E, et al. Red and processed meat and colorectal cancer incidence: 
meta-analysis of prospective studies. PLoS ONE. 2011;6:e20456.

	 29.	 Taylor DP, Burt RW, Williams MS, Haug PJ, Cannon-Albright 
LA. Population-based family history-specific risks for colo-
rectal cancer: a constellation approach. Gastroenterology. 
2010;138:877–85.

	 30.	 Sonnenberg A, Genta RM. Helicobacter pylori is a risk factor for 
colonic neoplasms. Am J Gastroenterol. 2013;108:208–15.

	 31.	 Lin KJ, Cheung WY, Lai JY, Giovannucci EL. The effect of 
estrogen vs. combined estrogen-progestogen therapy on the risk 
of colorectal cancer. Int J Cancer. 2012;130:419–30.

	 32.	 Rothwell PM, Fowkes FG, Belch JF, Ogawa H, Warlow CP, 
Meade TW. Effect of daily aspirin on long-term risk of death due 
to cancer: analysis of individual patient data from randomised 
trials. Lancet. 2011;377:31–41.

	 33.	 Boyle T, Keegel T, Bull F, Heyworth J, Fritschi L. Physical activ-
ity and risks of proximal and distal colon cancers: a systematic 
review and meta-analysis. J Natl Cancer Inst. 2012;104:1548–61.

	 34.	 Brenner H, Chang-Claude J, Seiler CM, Rickert A, Hoffmeister 
M. Protection from colorectal cancer after colonoscopy: 
a population-based, case-control study. Ann Intern Med. 
2011;154:22–30.

	 35.	 Elmunzer BJ, Hayward RA, Schoenfeld PS, Saini SD, Deshpande 
A, Waljee AK. Effect of flexible sigmoidoscopy-based screening 
on incidence and mortality of colorectal cancer: a systematic 
review and meta-analysis of randomized controlled trials. PLoS 
Med. 2012;9:e1001352.

	 36.	 Wu S, Feng B, Li K, Zhu X, Liang S, Liu X, et al. Fish consump-
tion and colorectal cancer risk in humans: a systematic review 
and meta-analysis. Am J Med. 2012. https​://doi.org/10.1016/j.
amjme​d.2012.01.022.

	 37.	 Aune D, Lau R, Chan DS, Vieira R, Greenwood DC, Kamp-
man E, et al. Dairy products and colorectal cancer risk: a sys-
tematic review and meta-analysis of cohort studies. Ann Oncol. 
2012;23:37–45.

	 38.	 Aune D, Chan DS, Lau R, Vieira R, Greenwood DC, Kampman 
E, et al. Dietary fibre, whole grains, and risk of colorectal cancer: 
systematic review and dose-response meta-analysis of prospec-
tive studies. BMJ. 2011;343:d6617.

	 39.	 Aune D, Lau R, Chan DS, Vieira R, Greenwood DC, Kampman 
E, et al. Nonlinear reduction in risk for colorectal cancer by fruit 
and vegetable intake based on meta-analysis of prospective stud-
ies. Gastroenterology. 2011;141:106–18.

	 40.	 Cicero AF, Baggioni A. Berberine and its role in chronic disease. 
Adv Exp Med Biol. 2016;928:27–45.

	 41.	 Wang K, Feng X, Chai L, Cao S, Qiu F. The metabolism of ber-
berine and its contribution to the pharmacological effects. Drug 
Metab Rev. 2017;49:139–57.

	 42.	 Li Z, Geng YN, Jiang JD, Kong WJ. Antioxidant and anti-inflam-
matory activities of berberine in the treatment of diabetes mel-
litus. Evid Based Complement Alternat Med. 2014;2014:289264.

	 43.	 Feng X, Sureda A, Jafari S, Memariani Z, Tewari D, Annun-
ziata G, et al. Berberine in cardiovascular and metabolic diseases: 
from mechanisms to therapeutics. Theranostics. 2019;9:1923–51.

	 44.	 Yuan NN, Cai CZ, Wu MY, Su HX, Li M, Lu JH. Neuroprotec-
tive effects of berberine in animal models of Alzheimer’s disease: 
a systematic review of pre-clinical studies. BMC Complement 
Altern Med. 2019;19:109.

https://doi.org/10.1016/j.amjmed.2012.01.022
https://doi.org/10.1016/j.amjmed.2012.01.022


	 Medical Oncology (2020) 37:49

1 3

49  Page 8 of 9

	 45.	 Hengartner MO. The biochemistry of apoptosis. Nature. 
2000;407:770–6.

	 46.	 Tait SW, Green DR. Caspase-independent cell death: leaving the 
set without the final cut. Oncogene. 2008;27:6452–61.

	 47.	 Joza N, Susin SA, Daugas E, Stanford WL, Cho SK, Li CY, et al. 
Essential role of the mitochondrial apoptosis-inducing factor in 
programmed cell death. Nature. 2001;410:549–54.

	 48.	 Hsu WH, Hsieh YS, Kuo HC, Teng CY, Huang HI, Wang CJ, 
et al. Berberine induces apoptosis in SW620 human colonic 
carcinoma cells through generation of reactive oxygen species 
and activation of JNK/p38 MAPK and FasL. Arch Toxicol. 
2007;81:719–28.

	 49.	 Li W, Hua B, Saud SM, Lin H, Hou W, Matter MS, et al. Ber-
berine regulates AMP-activated protein kinase signaling path-
ways and inhibits colon tumorigenesis in mice. Mol Carcinog. 
2015;54:1096–109.

	 50.	 Dai W, Mu L, Cui Y, Li Y, Chen P, Xie H, et al. Berberine pro-
motes apoptosis of colorectal cancer via regulation of the long 
non-coding RNA (lncRNA) cancer susceptibility candidate 2 
(CASC2)/AU-binding factor 1 (AUF1)/B-cell CLL/lymphoma 
2 (Bcl-2) axis. Med Sci Monit. 2019;25:730–8.

	 51.	 Wang L, Liu L, Shi Y, Cao H, Chaturvedi R, Calcutt MW, et al. 
Berberine induces caspase-independent cell death in colon tumor 
cells through activation of apoptosis-inducing factor. PLoS ONE. 
2012;7:e36418.

	 52.	 Mehrgou A, Akouchekian M. Therapeutic impacts of microRNAs 
in breast cancer by their roles in regulating processes involved in 
this disease. J Res Med Sci. 2017;22:130.

	 53.	 Pardini B, De Maria D, Francavilla A, Di Gaetano C, Ronco G, 
Naccarati A. MicroRNAs as markers of progression in cervical 
cancer: a systematic review. BMC Cancer. 2018;18:696.

	 54.	 Calin GA, Croce CM. MicroRNA signatures in human cancers. 
Nat Rev Cancer. 2006;6:857–66.

	 55.	 Feng M, Luo X, Gu C, Li Y, Zhu X, Fei J. Systematic analysis of 
berberine-induced signaling pathway between miRNA clusters 
and mRNAs and identification of mir-99a approximately 125b 
cluster function by seed-targeting inhibitors in multiple myeloma 
cells. RNA Biol. 2015;12:82–91.

	 56.	 Chen Q, Qin R, Fang Y, Li H. Berberine sensitizes human ovar-
ian cancer cells to cisplatin through miR-93/PTEN/Akt signaling 
pathway. Cell Physiol Biochem. 2015;36:956–65.

	 57.	 Wang Y, Zhang S. Berberine suppresses growth and metastasis 
of endometrial cancer cells via miR-101/COX-2. Biomed Phar-
macother. 2018;103:1287–93.

	 58.	 Liu H, Huang C, Wu L, Wen B. Effect of evodiamine and ber-
berine on miR-429 as an oncogene in human colorectal cancer. 
Onco Targets Ther. 2016;9:4121–7.

	 59.	 Yousefi B, Samadi N, Ahmadi Y. Akt and p53R2, partners that 
dictate the progression and invasiveness of cancer. DNA Repair. 
2014;22:24–9.

	 60.	 Sun Y, Shen S, Liu X, Tang H, Wang Z, Yu Z, et al. MiR-429 
inhibits cells growth and invasion and regulates EMT-related 
marker genes by targeting Onecut2 in colorectal carcinoma. Mol 
Cell Biochem. 2014;390:19–30.

	 61.	 Huang C, Liu H, Gong XL, Wu LY, Wen B. Effect of evodi-
amine and berberine on the interaction between DNMTs and 
target microRNAs during malignant transformation of the colon 
by TGF-beta1. Oncol Rep. 2017;37:1637–45.

	 62.	 Vaira V, Faversani A, Dohi T, Montorsi M, Augello C, Gatti S, 
et al. miR-296 regulation of a cell polarity-cell plasticity module 
controls tumor progression. Oncogene. 2012;31:27–38.

	 63.	 Su YH, Tang WC, Cheng YW, Sia P, Huang CC, Lee YC, et al. 
Targeting of multiple oncogenic signaling pathways by Hsp90 
inhibitor alone or in combination with berberine for treatment of 
colorectal cancer. Biochim Biophys Acta. 2015;1853:2261–72.

	 64.	 Huang G, Wu X, Li S, Xu X, Zhu H, Chen X. The long noncod-
ing RNA CASC2 functions as a competing endogenous RNA by 
sponging miR-18a in colorectal cancer. Sci Rep. 2016;6:26524.

	 65.	 Saha SK, Khuda-Bukhsh AR. Berberine alters epigenetic modi-
fications, disrupts microtubule network, and modulates HPV-
18 E6–E7 oncoproteins by targeting p53 in cervical cancer cell 
HeLa: a mechanistic study including molecular docking. Eur J 
Pharmacol. 2014;744:132–46.

	 66.	 Zhang J, Cao H, Zhang B, Cao H, Xu X, Ruan H, et al. Berberine 
potently attenuates intestinal polyps growth in ApcMin mice and 
familial adenomatous polyposis patients through inhibition of 
Wnt signalling. J Cell Mol Med. 2013;17:1484–93.

	 67.	 Casimiro MC, Velasco-Velazquez M, Aguirre-Alvarado C, 
Pestell RG. Overview of cyclins D1 function in cancer and the 
CDK inhibitor landscape: past and present. Expert Opin Investig 
Drugs. 2014;23:295–304.

	 68.	 Beildeck ME, Gelmann EP, Byers SW. Cross-regulation of sign-
aling pathways: an example of nuclear hormone receptors and 
the canonical Wnt pathway. Exp Cell Res. 2010;316:1763–72.

	 69.	 Dawson MI, Zhang XK. Discovery and design of retinoic acid 
receptor and retinoid X receptor class- and subtype-selective syn-
thetic analogs of all-trans-retinoic acid and 9-cis-retinoic acid. 
Curr Med Chem. 2002;9:623–37.

	 70.	 Yousefi B, Samadi N, Baradaran B, Shafiei-Irannejad V, Zar-
ghami N. Peroxisome proliferator-activated receptor ligands and 
their role in chronic myeloid leukemia: therapeutic strategies. 
Chem Biol Drug Des. 2016;88:17–25.

	 71.	 Ruan H, Zhan YY, Hou J, Xu B, Chen B, Tian Y, et al. Berber-
ine binds RXRalpha to suppress beta-catenin signaling in colon 
cancer cells. Oncogene. 2017;36:6906–18.

	 72.	 Jacobs ET, Martinez ME, Campbell PT, Conti DV, Duggan D, 
Figueiredo JC, et al. Genetic variation in the retinoid X receptor 
and calcium-sensing receptor and risk of colorectal cancer in the 
Colon Cancer Family Registry. Carcinogenesis. 2010;31:1412–6.

	 73.	 Egan JB, Thompson PA, Ashbeck EL, Conti DV, Duggan D, 
Hibler E, et al. Genetic polymorphisms in vitamin D receptor 
VDR/RXRA influence the likelihood of colon adenoma recur-
rence. Cancer Res. 2010;70:1496–504.

	 74.	 Yamazaki K, Shimizu M, Okuno M, Matsushima-Nishiwaki R, 
Kanemura N, Araki H, et al. Synergistic effects of RXR alpha 
and PPAR gamma ligands to inhibit growth in human colon can-
cer cells–phosphorylated RXR alpha is a critical target for colon 
cancer management. Gut. 2007;56:1557–633.

	 75.	 Duvic M, Hymes K, Heald P, Breneman D, Martin AG, 
Myskowski P, et al. Bexarotene is effective and safe for treatment 
of refractory advanced-stage cutaneous T-cell lymphoma: multi-
national phase II-III trial results. J Clin Oncol. 2001;19:2456–71.

	 76.	 Guldenschuh I, Hurlimann R, Muller A, Ammann R, Mullhaupt 
B, Dobbie Z, et al. Relationship between APC genotype, polyp 
distribution, and oral sulindac treatment in the colon and rectum 
of patients with familial adenomatous polyposis. Dis Colon Rec-
tum. 2001;44:1090–7.

	 77.	 Kolluri SK, Corr M, James SY, Bernasconi M, Lu D, Liu W, et al. 
The R-enantiomer of the nonsteroidal antiinflammatory drug 
etodolac binds retinoid X receptor and induces tumor-selective 
apoptosis. Proc Natl Acad Sci USA. 2005;102:2525–30.

	 78.	 Todoric J, Antonucci L, Karin M. Targeting inflammation 
in cancer prevention and therapy. Cancer Prev Res (Phila). 
2016;9:895–905.

	 79.	 Eiro N, Vizoso FJ. Inflammation and cancer. World J Gastrointest 
Surg. 2012;4:62–72.

	 80.	 Watanabe T, Konishi T, Kishimoto J, Kotake K, Muto T, Sugi-
hara K, et al. Ulcerative colitis-associated colorectal cancer 
shows a poorer survival than sporadic colorectal cancer: a nation-
wide Japanese study. Inflamm Bowel Dis. 2011;17:802–8.



Medical Oncology (2020) 37:49	

1 3

Page 9 of 9  49

	 81.	 Zhen Y, Luo C, Zhang H. Early detection of ulcerative coli-
tis-associated colorectal cancer. Gastroenterol Rep (Oxf). 
2018;6:83–92.

	 82.	 Chen J, Pitmon E, Wang K. Microbiome, inflammation and colo-
rectal cancer. Semin Immunol. 2017;32:43–53.

	 83.	 Meira LB, Bugni JM, Green SL, Lee CW, Pang B, Boren-
shtein D, et al. DNA damage induced by chronic inflammation 
contributes to colon carcinogenesis in mice. J Clin Investig. 
2008;118:2516–25.

	 84.	 Francescone R, Hou V, Grivennikov SI. Cytokines, IBD, and 
colitis-associated cancer. Inflamm Bowel Dis. 2015;21:409–18.

	 85.	 Lucas C, Barnich N, Nguyen HTT. Microbiota, inflammation and 
colorectal cancer. Int J Mol Sci. 2017;18(6):1310.

	 86.	 Tai WP. Luo HS [The inhibit effect of berberine on human 
colon cell line cyclooxygenase-2]. Zhonghua Nei Ke Za Zhi. 
2003;42:558–60.

	 87.	 Liu X, Ji Q, Ye N, Sui H, Zhou L, Zhu H, et al. Berberine inhibits 
invasion and metastasis of colorectal cancer cells via COX-2/
PGE2 mediated JAK2/STAT3 signaling pathway. PLoS ONE. 
2015;10:e0123478.

	 88.	 Li D, Zhang Y, Liu K, Zhao Y, Xu B, Xu L, et al. Berberine 
inhibits colitis-associated tumorigenesis via suppressing inflam-
matory responses and the consequent EGFR signaling-involved 
tumor cell growth. Lab Investig. 2017;97:1343–53.

	 89.	 Zhu L, Gu P, Shen H. Protective effects of berberine hydrochlo-
ride on DSS-induced ulcerative colitis in rats. Int Immunophar-
macol. 2019;68:242–51.

	 90.	 Carini F, Mazzola M, Rappa F, Jurjus A, Geagea AG, Al Kattar 
S, et al. Colorectal carcinogenesis: role of oxidative stress and 
antioxidants. Anticancer Res. 2017;37:4759–66.

	 91.	 Gothai S, Muniandy K, Gnanaraj C, Ibrahim IAA, Shahzad N, 
Al-Ghamdi SS, et al. Pharmacological insights into antioxidants 
against colorectal cancer: a detailed review of the possible mech-
anisms. Biomed Pharmacother. 2018;107:1514–22.

	 92.	 Ke F, Yadav PK, Ju LZ. Herbal medicine in the treatment of 
ulcerative colitis. Saudi J Gastroenterol. 2012;18:3–10.

	 93.	 Cui L, Feng L, Zhang ZH, Jia XB. The anti-inflammation 
effect of baicalin on experimental colitis through inhibiting 
TLR4/NF-kappaB pathway activation. Int Immunopharmacol. 
2014;23:294–303.

	 94.	 Lee IA, Hyun YJ, Kim DH. Berberine ameliorates TNBS-
induced colitis by inhibiting lipid peroxidation, enterobac-
terial growth and NF-kappaB activation. Eur J Pharmacol. 
2010;648:162–70.

	 95.	 Yan F, Wang L, Shi Y, Cao H, Liu L, Washington MK, et al. 
Berberine promotes recovery of colitis and inhibits inflamma-
tory responses in colonic macrophages and epithelial cells in 
DSS-treated mice. Am J Physiol Gastrointest Liver Physiol. 
2012;302:G504–G514514.

	 96.	 Li R, Chen Y, Shi M, Xu X, Zhao Y, Wu X, et al. Gegen Qinlian 
decoction alleviates experimental colitis via suppressing TLR4/
NF-kappaB signaling and enhancing antioxidant effect. Phy-
tomedicine. 2016;23:1012–20.

	 97.	 Zhang LC, Wang Y, Tong LC, Sun S, Liu WY, Zhang S, et al. 
Berberine alleviates dextran sodium sulfate-induced colitis by 
improving intestinal barrier function and reducing inflammation 
and oxidative stress. Exp Ther Med. 2017;13:3374–82.

	 98.	 Giordano CR, Roberts R, Krentz KA, Bissig D, Talreja D, Kumar 
A, et al. Catalase therapy corrects oxidative stress-induced patho-
physiology in incipient diabetic retinopathy. Investig Ophthalmol 
Vis Sci. 2015;56:3095–102.

	 99.	 Park YS, Uddin MJ, Piao L, Hwang I, Lee JH, Ha H. Novel role 
of endogenous catalase in macrophage polarization in adipose 
tissue. Mediators Inflamm. 2016;2016:8675905.

	100.	 Younus H. Therapeutic potentials of superoxide dismutase. Int J 
Health Sci (Qassim). 2018;12:88–93.

	101.	 Ndrepepa G. Myeloperoxidase—A bridge linking inflammation 
and oxidative stress with cardiovascular disease. Clin Chim Acta. 
2019;493:36–51.

	102.	 Nguyen NH, Tran GB, Nguyen CT. Anti-oxidative effects of 
superoxide dismutase 3 on inflammatory diseases. J Mol Med 
(Berl). 2020;98:59–69.

	103.	 Piechota-Polanczyk A, Fichna J. Review article: the role of 
oxidative stress in pathogenesis and treatment of inflamma-
tory bowel diseases. Naunyn Schmiedebergs Arch Pharmacol. 
2014;387:605–20.

	104.	 Bourgeais J, Gouilleux-Gruart V, Gouilleux F. Oxidative metabo-
lism in cancer: a STAT affair? JAKSTAT. 2013;2:e25764.

	105.	 Aggarwal BB, Kunnumakkara AB, Harikumar KB, Gupta SR, 
Tharakan ST, Koca C, et al. Signal transducer and activator of 
transcription-3, inflammation, and cancer: how intimate is the 
relationship? Ann N Y Acad Sci. 2009;1171:59–76.

	106.	 Guaman Ortiz LM, Tillhon M, Parks M, Dutto I, Prosperi E, 
Savio M, et al. Multiple effects of berberine derivatives on colon 
cancer cells. Biomed Res Int. 2014;2014:924585.

	107.	 Wu K, Yang Q, Mu Y, Zhou L, Liu Y, Zhou Q, et al. Berberine 
inhibits the proliferation of colon cancer cells by inactivating 
Wnt/beta-catenin signaling. Int J Oncol. 2012;41:292–8.

	108.	 Yu M, Tong X, Qi B, Qu H, Dong S, Yu B, et al. Berberine 
enhances chemosensitivity to irinotecan in colon cancer via inhi-
bition of NFkappaB. Mol Med Rep. 2014;9:249–54.

	109.	 Chidambara Murthy KN, Jayaprakasha GK, Patil BS. The natu-
ral alkaloid berberine targets multiple pathways to induce cell 
death in cultured human colon cancer cells. Eur J Pharmacol. 
2012;688:14–211.

	110.	 Piyanuch R, Sukhthankar M, Wandee G, Baek SJ. Berberine, 
a natural isoquinoline alkaloid, induces NAG-1 and ATF3 
expression in human colorectal cancer cells. Cancer Lett. 
2007;258:230–40.

	111.	 Xu LN, Lu BN, Hu MM, Xu YW, Han X, Qi Y, et al. Mecha-
nisms involved in the cytotoxic effects of berberine on human 
colon cancer HCT-8 cells. Biocell. 2012;36:113–20.

	112.	 Ghareeb AE, Moawed FSM, Ghareeb DA, Kandil EI. Potential 
prophylactic effect of berberine against rat colon carcinoma 
induce by 1,2-dimethyl hydrazine. Asian Pac J Cancer Prev. 
2018;19:1685–90.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Targeting of oncogenic signaling pathways by berberine for treatment of colorectal cancer
	Abstract
	Introduction
	Colorectal cancer risk and preventive factors
	Berberine effects on different health conditions
	Berberine-induced cell death in CRC​
	Berberine and miRNA
	Berberine role as an RXRα in cell signal pathway
	Berberine and inflammation
	Antioxidative effects of berberine on CRC​
	Conclusions
	References




