
 
 

Indian Journal of Biochemistry & Biophysics 
Vol. 59, May 2022, pp. 509-520 

 
 

Minireview 
 

Versatility of berberine as an effective immunomodulator and  
chemo sensitizer against p53 mutant cell 

Priyanka Singh, Monika Yadav, Karishma Niveria & Anita Kamra Verma* 
Nano-Biotech Lab, Kirori Mal College, University of Delhi, Delhi-110 007, India 

Received 08 May 2022; revised 21 May 2022 

Cancer is the leading cause of death among individuals due to its poor prognosis. Various therapeutics treatments are 
available in form radiation therapy, chemotherapy, or immunotherapy but major point of concern is the treatment of cancer 
resistant cell lines. Homozygous loss of the p53 gene is virtually present in every type of cancer. Mutation in DNA binding 
domain of p53 leads to formation of mutant forms having altered amino acid sequence which lacks DNA binding activity. 
Berberine is chemo-sensitizing isoquinoline quaternary alkaloid molecule obtained from Berberis vulgaris. Berberine has 
the capability to suppress the growth of broad range of tumors. It exhibits pharmacological, biochemical and anticancer 
properties which can potentiate the activities of the existing therapeutics available in a way that it can re-sensitize the cancer 
resistant clones. Berberine has an immanent potential to bind with DNA and can communicate with several cellular targets, 
further it also shows hormetic effect which refers to biphasic dose response curve in order to determine dose dependent 
stimulatory and inhibitory effect. Mode of action involved is yet not well understood but mechanistic pathway involved are 
autophagy, up-regulation of tumor-suppressor gene (p53) and epigenetic alterations in the viral DNA. In this review, 
versatility of berberine can be utilized ideally or in combination with chemotherapeutics drugs to potentiate chemo 
sensitization of the resistant cancer cell line. Further, cancer cell specific receptor targeting can also be employed in 
combination with berberine for therapeutic treatment of metastasizing cancer cells. 
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Introduction 
Cancer is one of the common deadliest disease 

occuring amongst individuals because of its poor 
prognosis and advances in its recurrence. According 
to global statistic report on regional and national 

cancer incidence, it has been reported that breast 
cancer, lung cancer, prostate cancer, liver cancer, 
ovarian cancer etc. are listed amongst the top 
economic burdens1. In 2020, population-based cancer 
registries (PBCR) provided the projected incidence of 
cancer that reveals 679,421 male individuals and 
712,758 female individuals were affected in India2. 
Increasing risk of cancer incidence and cancer related 
early death of an individual also depends on human 
development index (HDI) of that country. India, a 
country of medium HDI index is reported with 
increasing cancer incidence cases. Sex specific cancer 
case studies in male individuals reveal increasing rate 
of lip and oral cancer in India and prostate cancer 
globally while for female individuals breast cancer 
cases are reportedly higher in India as well as 
worldwide3. In cancer, unregulated abnormal growth 
of cells is characterized by loss of contact inhibition, 
evaded programmed cell death mechanism, infinite 
cell multiplicity and sustained angiogenesis, invasion 
and metastasis capabilities4. Cancer occurrence and its 
subsequent succession are due to accrual of mutations 
with time, either due to loss or gain of function. 
Presence of functional loss of wild type tumor 
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suppressor gene (WTp53) organ of functional 
mutation as mutant tumor suppressor gene (Mp53)5, 
both aim to augment cancerous growth. In majority of 
cancer cases chief pathway allied with tumor 
suppression are identified with dysfunctional 
regulation of cancer malignancy represented as 
initiated cell death mechanism, cell cycle arrest at 
check points, apoptosis initiation in cancer cells and 
activation of DNA repair mechanism6. Thus, 
functional abolition of p53 gene can be considered to 
be an alleged key feature of majority of cancers. 
Further it can be stated that functional loss in wild 
type tumor suppressor gene (WTp53) expression is 
due to mutation which leads to formation of mutant 
p53 (Mp53). This shift in p53 expression exhibits 
oncogenic properties via dominant negative 
repression of wild type p53activity7. 

Apart from surgery various other standardized 
therapeutics for cancer treatments are represented as 
follows: chemotherapy, radiotherapy, immunotherapy, 
hormonal therapy, combination therapy etc. But due to 
futile attempts these therapies cannot come up to the 
expected survival rate in cancer patients. In the recent 
past the chief emerging reasons for morbid survival rate 
in cancer patients can be in form of acquired survival 
strategies by cancer cells against therapeutic regimes 
referred to as cancer acquired resistance and oncogenic 
shift in the host immune cells expression within tumor 
microenvironment (TME) responsible for immune 
suppression. Both of them aim to fuel up cancer 
sustenance and progression8. Shaping of the sensitive 
cancer cells to resistant type is a resultant of obscured 
sensitivity of cancer cells due to cells native capability 
responsible for reducing effectiveness of there gimes in 
form of chemotherapeutic drug, ionizing radiation etc. 
This resistance can also be acquired during the course of 
treatment which enables cancer cells to escape from 
cytotoxic effect of the therapeutics9. Other than this 
ability of cancer cells to escape from host immune 
surveillance through inadequate immune mediated 
infiltration, immune response shift toward protumor 
immunity, immune suppression, enhanced chronic 
inflammation, extracellular matrix (ECM) remodeling 
etc. due to differential crosstalk among tumor promoting 
cells and tumor inhibiting cell within TME10. These 
issues need to be resolved in order to enhance the 
effectiveness of therapeutic regime and to decreases 
morbidity rate in cancer patients. 

Thus, there is pre-requisite requirement of such 
natural compounds which has ability to potentiate 
chemotherapeutic properties of available anticancer 

drugs and also has role as an immune modulator. 
Natural compound with such properties can be utilized 
for treatment against cancer malignancies. 
Phytochemicals is one such group, refers to class of 
secondary metabolites derived from plants that includes 
a wide range of alkaloids, flavonoids, glycosides, gums, 
polysaccharides, phenols, tannins, terpenes, and 
terpenoids etc. employed for this purpose. Berberine 
(BRB) is one such phytochemical extract which belong 
to genus Berberis. This genus further involves diverse 
range of species with respective amount of BRB present 
in it- Berberis aristata 5% in roots and 4.2% in  
stem-bark, Berberis petiolaris 0.43%, Berberis vulgaris 
1.24%, Berberis aquifolium, Berberis thunbergii, 
Berberis asiatic, Coptisteeta 8-9% in rhizome  
B. lyciumis one such species present throughout 
Himalayan range in India10-11. Berberine vulgaris is 
isoquinoline quaternary alkaloid molecule obtained from 
Berberis vulgaris. In this review of literature various 
properties of BRB is depicted in a form, so that it can 
potentially be utilized as chemosensitizer and 
immunomodulator, thus down-regulating cancer 
promoting expression at gene or protein level by 
targeting mutant p53 in a way providing enhanced 
survival rate in cancer patients. 
 
Tumor suppressor gene and tumorigenic shift in 
its expression 

Tumor suppressor gene (p53) and its suppressive 
action against tumor growth is long been reported. p53 is 
specifically known to regulate cell-cycle arrest at 
specific check points, induces cell death pathways and 
activates DNA repair mechanism. Chief work allied to 
tumor suppressor gene has focused on functional aspects 
of p53, p53 degradation pathway and its downstream 
related signaling pathway inhibiting cancerous growth12. 
Its chemo-sensitization and immune regulatory role is 
predetermined regulated by various signaling pathway. 
WTp53 mediated chemo-sensitization includes 
inhibition of the drug efflux transporter (ATP-binding 
cassette (ABC)) whose prime liability is concerned with 
initiation of multidrug resistance with binding to 
multidrug resistance (MDR) promoter region13, it also 
targets transition from epithelial-mesenchymal state with 
in cancer cells14 along with DNA repair related 
mechanism (mismatch repair mechanism (MMR) etc15 
as its constitutive expression or acquired mutation 
constrain the sensitization pattern in cancer cells. 
Regulatory role of p53 mediated pathway downstream 
also regulates production of pro-inflammatory molecules 
such as cytokines, cyclooxygenase 2 (Cox-2), and 
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inducible nitric oxide synthase (iNOS) etc16. Immune 
regulatory role of p53integrate host innate and adaptive 
immune response this includes recognition of tumor 
associated antigens (TAAs) or tumorspecific antigens 
(TSAs) expressed on the surface of cancer cells failure 
attempt of which is associated with cancer metastasis 
and progression17. Role of innate and adaptive immune 
cells (macrophages, dendritic cells, natural killer cells, 
cytotoxic tlymphocyte, B cell etc.) in cancer cells 
elimination is well documented but immune suppression 
or acquired immune tolerance enables cancer cells to 
escape from host immune surveillance. Other than this 
oncogenic shift in immune cells expression also 
stimulates tumor progression over the period of time18. 
Loss of p53 expression as per mutational event is key 
marker for failure of functional activity as acquired 
resistance and protumor immunity against invasive and 
progressive cancer cells19.  

Majority of cancers are marked by altered expression 
of tumor suppressor gene p53. Tumorigenic change in 
expression of p53 is due to missense mutations in p53 
gene represented as contact mutation (R248 or R273 
residues) or conformational mutation (R175 or H179 
residues). Mutation in amino acid is involved at DNA 
protein interaction, it is responsible for mutant p53 
stability while mutation at DNA-binding domain exhibit 
functional loss of WTp53expression or its trans 
dominant repression via hetero-tetramer formation with 
WTp5320.  
 
Versatility of berberine 
Chemical structure, bioavailability and biodistribution of 
berberine 

Berberine (C20H18NO4
+) chemical name-1,  

3-Benzodioxolo[5,6-a]benzo[g]quinolizinium, 5,6-
dihydro-9,10-dimethoxy; is versatile heterocyclic, 
nitrogen containing isoquinoline alkaloid molecule  
(Fig. 1). It is isolated from the roots, rhizomes, stemand 
barks of many medicinal plants, one such plant is 
Berberis vulgaris (barberry) which belongs to family 
Berberidaceae. Its use in medicinal form has been 
reported in Chinese and Indian Ayurvedics system for 
centuries10.  

Bioavailability of berberine is very poordue to its 
hydrophobic nature, that retard its intestinal 
absorption and leads to fast elimination from body. 
Through P-glycoprotein (P-gp) efflux pump which are 
responsible for its removal from physiological system. 
Further biodistribution of BRB reveals specific 
localization order in various organs represented as 
follows: kidneys, muscles, lungs, brain, heart, 
pancreas, and fat21. 
 
Versatile nature of berberine 

Berberine plays a critical role as an anticancer, 
anti-inflammatory agents, cell cycle regulator, by 
facilitating the reactive oxygen species (ROS) 
production or by regulating the cellular signaling 
pathway, it also acts as an intercalating agent, that 
participates in DNA damage22. Further it has been 
reported that structural modifications at different 
carbon position makes it’s more versatile such as 
substitution at C-8, C-9, and C-13 position increases 
its antitumor activity. Structure-activity relationship 
patterns reveal more effectiveness of alkyl group than 
benzyl group in substituted BRB derivatives as length 
of carbon chain determines its effective rolein 
treatment efficacy for cancer therapeutics. It also 
states that addition of ester, amides or sulfonates also 
enhances it by potentiating it response curve 23. These 
therapeutics properties of BRB have gathered much 
attention that focus towards its immune-modulatory 
and chemo-sensitizing abilities. 
 
Properties of berberine, molecular targets and 
mechanism of action 

BRB an anticancer agent (Fig. 2) target cancer cells 
as an apoptotic/autophagy inducer in caspase 
dependent and independent manner thus, initiating 
cell death mechanism within cancer cells. In caspase 
dependent pathway it tends to restore normal 
Bax/Bcl-2 ratio by direct action on pro apoptotic 
factor (Bax, Bad, caspase3, caspase9 etc.) thus 
significantly increases its level followed by 
simultaneous decreases in various anti apoptotic  
(Bcl-2, c-IAP1, Bcl-xL) factors, further in caspase 
independent apoptotic pathway (ROS dependent 
pathway) cellular ROS production induces activation 
of AIF (apoptosis-inducing factor) resulting in 
apoptotic death. Here, BRB up-regulates the 
production of cellular ROS via JNK/p38 MAPK or 
calcium dependent protein kinase C (PKC)24. Role of 
BRB in p53 dependent (WT p53) and independent 
pathway (Mp53) of apoptosis is well described in 

 
 

Fig. 1 — Chemical structure of berberine 
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breast cancer cell line MCF-7 and MDA-MB-23125. 
BRB intervene cancer cells progression by inducing 
cell cycle arrest, it targets cyclin D1, cyclin E and 
cyclin dependent kinase (CDK)- Cdk2, Cdk4 and 
Cdk6 expression levels at G0/G1 phase of the cell 
cycle. This is also referred as p53 dependent 
regulation because p53 mediated up-regulation of 
p21mRNA and protein levels is responsible for cell 
cycle arrest by targeting CDK activity. p53 
independent arrest at G2/M phase of cell cycle is also  
reported in various cancer studies25. Targeting 
signaling pathways such as COX-2/PGE2axis directly 
inhibit cytoplasmic cyclooxygenase-2 (COX-2) 
downstream attenuates JAK2/STAT3 signaling 
pathway responsible for cancer cell invasion & 
metastasis by increasing matrix metalloprotease 
expression MMP2, MMP9, vascular endothelial 
growth factor receptor (VEGFR) expression etc. 
PI3K-AKT/ERK pathway is also known to be 
involved in oncogenic progression and sustenance, 
BRB here suppresses phosphorylated expression 
levels of PI3K/AKT in various cancers26, thus, 
minimizes risk related to cancer progression. BRB 
also targets WNT/β-catenin signaling pathway at 
constitutive nuclear β-catenin expression which are 

known for deviating it’s functioning towards cancer 
specific gene expression represented with elevated 
level of genes specific to tumor 
vascularization/metastasis, inflammatory cytokines 
etc24,26. BRB binding to ligand binding domain of 
retinoid X receptor alpha (RXRα) nuclear receptor at 
Gln275, Arg316 and Arg371 residue enables its 
interaction with nuclear β-catenin thus suppressing its 
expression via c-Cbl mediated proteasomal 
degradation of β-catenin27. BRB also obstructs tumor 
metabolic pathway which tends to meet the energy 
demand within tumor cells. Studies indicate role of 
nuclear receptor hepatocyte nuclear factor 4a 
(HNF4a) in glucose and lipid metabolism, which 
downstream increases expression level of HIF-1a. 
BRB suppresses metabolic pathway supply by acting 
as AMPK activator, phosphorylated active AMPK act 
via AMPK/HNF4a pathway27. Various other cancer 
related signaling pathway such as PI3K/Akt 
(phosphoinositide 3-kinase/Akt), Ras/Erk pathway 
and MAP (Raf/MEK/ERK) pathway etc. are all 
reported to be targeted by berberine. In recent it has 
also been reported that presence of berberine reverses 
methylation induced silencing of gene expression by 
targeting DNA methyl transferase(DNMT1, 

 
 

Fig. 2 — Schematic representation of molecular targets of berberine and mode of action 
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DNMT3A, DNMT3B) in cell line specific manner27. 
It’s interaction with histone deacetylase 1 (HDAC1) 
& histone deacetylase 2 (HDAC2) is reported due to 
presence of BRB binding site on it. Molecular 
docking studies states that Arg and Glu rich regions 
are more appropriate site to interact with HDAC1 and 
HDAC228. This study presents the new insight to 
improve cancer therapeutics by utilizing BRB to 
regulate expression of various silenced anti-
tumorigenic gene by targeting epigenetic specific 
marker thus playing key role as an epigenetic 
regulator. Anti-inflammatory and anti-oxidative role 
of BRB relies on Nrf2 activation mediated through 
AMPK, PI3K/Akt and P38 pathway activation. BRB 
being AMPK activator obstructs MAPK pathway in 
AMPK dependent manner, inhibits NF-B activation, 
attenuates AP1 expression upstream that is regulated 
by PPARγ activation thus, targets inflamed immune 
response that are regulated through activation of 
various inflammatory genes (inducible nitric oxide 
synthase (iNOS), COX-2). It also up-regulates the 
expression of Nrf2 specific anti-oxidative genes such 
as nicotinamide adenine dinucleotide phosphate 
quinone oxidoreductase-1 (NQO-1), heme oxygenase-
1 (HO-1) etc. Immune suppressive action of berberine 
can effectively targets the release of various cytokine 
such as IL-2, TNF-α, and IFN-γ etc29. Therefore, it 
can also be presumed to have immune activation role, 
overcoming the conventional issues related to 
suppressed immune response. 
 
Berberine related chemo-sensitization and immune 
modulation mechanism in cancer cells 
Berberine as an effective chemosensitizer molecule 
Berberine target drug transporters 

Interaction of berberine with drug transporter 
reveals BRB binding site on P-glycoprotein (P-gp) at 
subordinate end of drug binding pocket thus, 
interaction of BRB tends to act as a key regulator for 
drug transportation at both mRNA and protein levels 
in various cancer cells such as HepG2 cells, HeLa and 
SY5Y cells. BRB show differential effect on P-gp 
expression as it inhibits P-gp in HepG2 cells, and vice 
versa reported in HeLa and SY5Y cells. Role of BRB 
as an effective chemosensitizer for cancer is 
manifested through various multidrug resistant cancer 
studies this includes oral cancer (KB, OC2), gastric 
cancer (SC-M1, NUGC-3) and colon cancer (COLO 
205, CT 26)) where it stimulates P-gp expression30. It 
has been reported that subsequent treatment of BRB 
along with anti-metabolite 5-Fluorouracil also 

decreases the MDR expression in lung cancer (A549) 
thus minimizes the activity at drug efflux pump and 
enhances the retention of drug within cancer cells30.  
 
Berberine targets DNA damage repair mechanism 

Resistant cancer mediated acquired survival 
strategy impede the therapeutic efficacy of anticancer 
drugs. BRB treated cisplatin resistant ovarian 
cancer(SKOV3) has been reported with restoration of 
demethylation status in human mutL homolog gene 
(hMLH1) with up-regulation of hMLH1 mRNA level 
which encodes for DNA mismatch repair mechanism 
specific protein in time and dose dependent manner31.  
 
Berberine mediated activation of apoptotic pathway 

In multi-drug resistant cancer cells such as lung 
cancer (A549) BRB along with 5-Fluorouracil  
(5-FU)/Camptothecin (CPT) and its analog irinotecan 
(CPT-11) it increases ROS level32. Antitumor effect 
of BRBalong with tamoxifen in both sensitive and 
resistant breast cancer (MCF-7) it increases cytotoxic 
activity due to p21Cip-1 initiation marked with 
elevated BAX/BCL2 ratio33. 
 
Berberine reverses epithelial to mesenchymal transition (EMT) 

BRB act against resistance acquired epithelial to 
mesenchymal transition by targeting EMT specific 
marker in dose dependent manner. It up-regulates the 
expression of epithelial marker such as E-cadherin 
and limits the expression of mesenchymal marker  
N-cadherin which is specific for EMT as reported in 
cervical cancer, this can be achieved by targeting 
EMT specific factors such as SNAIL133,34. BRB 
reverse EMT at TGF β/Smads signaling pathway in 
normal colonic epithelial cells (HCoEpiCs), in colon 
cancer (SW480), resistant lung cancer (A549) etc. 
further BRB in cisplatin resistant ovarian cancer EMT 
is regulated via miR-21/PDCD4 axis35. 
 
Berberine mediated regulation of targeting expression of 
various genes & transcription factors 

BRB regulates expression of various transcriptional 
activators such as NF-B, AP-1, STAT3 etc. that are 
involved in cancer related pathway as they are tumor 
growth promoting signal that are needed to be 
suppressed. There constitutive expression leads to up-
regulation of cancer angiogenesis, proliferation, 
metastasis etc. BRB target NF-B, decreases its 
constitutive expression thus chemosensitizes resistant 
breast cancer, lung cancer, colon cancer, prostate 
cancer etc. BRB targets c FOS and JUN D expression 
in a way that it inhibits AP-1 complex formation thus, 
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targeting AP1 activity a possible mechanism of 
chemo-sensitization in cervical cancer where it acts to 
suppress AP-1 activity. Similarly, it can also be 
applying to other cancers too36. In lung cancer BRB 
induces sensitivity against doxorubicin by suppressing 
STAT3 transcriptional and translational activity via 
protein ubiquitination or via suppression of STAT3 
phosphorylation at Tyr705. Other than this it also 
suppresses downstream signaling element such as c-
Myc37. BRB can also act as a radiosensitizer as 
reported from various in vitro and in vivo studies 
where it enhances the radiosensitivity via inhibition of 
VEGF and HIF-1α in esophageal cancer38 (Fig. 3). 
 
Berberine as an effective immunomodulatory and adjuvant 
molecule 
Berberine mediated immunomodulatory shift in macrophage 
polarity 

Anti-tumorigenic to pro-tumorigenic switch in 
macrophage activity is due to macrophage polarization 
from classical macrophage (M1) to alternative 

macrophage (M2) phenotype. Tumor associated 
macrophage (TAM) belongs to M2 specific subtype. 
Macrophage and BRB related studies reveal reduced 
tumor invasion/migration in intestinal tumorigenic mice 
model (treated with dextran sulfate sodium) after 
subsequent treatment with BRB here, it suppresses colitis 
associated tumor development via inhibition of IL-6 & 
TNF-α release from colonic macrophage39. Initially it 
was thought to be NOX2 expression in M2 macrophage 
which is targeted by BRB but later studies reveal that 
BRB suppresses macrophages polarization via COX-2 
pathway during inflammation or by reversing M1 
toM2 macrophage polarization via targeted action on 
NADPH Oxidase/ROS/COX-2 signaling pathway. Thus, 
BRB here tends to act as a modulator molecule screwing 
macrophage phenotype for effective tumor targeting40. 
Other than this EMT specific transcriptional factor Snail 
also enhances M2 macrophage phenotype via activation 
of MIR21 expression which increases secretion of miR- 
21, its abundance enhances the presence of tumor-

 
 

Fig. 3 — Schematic representation of reason for chemoresistance and berberine as effective chemosensitizer 
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derived exosomes in monocytes, further it aims to 
suppress M1 specific markers expression and promote 
surface expression of M2 specific markers. BRB 
mediated inhibition of epithelial to mesenchymal 
transition can hold the M1 macrophage in its native 
functional conformation contributing to antitumor 
immunity41 (Fig. 4).  
 
Berberine as immunomodulator for lymphocyte polarization 

BRB is reported to suppress inflammatory response 
in type 1 diabetes by inhibiting differentiation of 
Th17 and Th1 via activation of ERK1/2 and inhibition 
of p38 MAPK and JNK activation. Further down-
regulated STAT3 & STAT1/STAT4 expression 
downstream effectively inhibits Th1 polarization42. In 
inflammatory bowel disease BRB inhibit the 
differentiation of Th17/Th1 via MAPK pathway while 
it does not have any significant effect on Tregulatory 
cells (T reg cells) expression. BRB shifts the Th1/Th2 
balance toward the Th2 polarization reported in LPS 
induced mouse primary splenocytes43. This 
polarization shift can be skewed towards Th1 
polarization, directing it towards Tcytotoxic cells and 
anti-tumorigenic M1 macrophage activation. This 
skewness can also be achieved by targeting Type 2 

Neutrophils (N2) known for its immunosuppressive 
phenotype through Th2-type mediated inflammation 
within TME. BRB is known to induce ROS mediated 
autophagy in Type 2 Neutrophils (N2) thus retain the 
existence of antitumor Type 1 Neutrophils (N1) 
within TME44. 
 
Berberine mediated targeting of other immune cells 

Targeting Treg cells expression can shift immune 
response curve in cancer patients. BRB mediated direct 
regulation of Treg cells expression is not known but 
indirectly it’s expression can be regulated by various 
chemo-attractants such as chemokines (CXCLs), 
cytokines (TNF-, ILs, TGF-, etc.) specially TGF-β 
which are responsible for immune suppression, 
macrophage polarity shift etc45. Various in vitro studies 
reveals that BRB can regulate inflamed immune 
response by targeting release of cytokine/chemokine or 
by regulating signaling expression at tumor cells , pro-
tumorigenic immune cells (Neutrophils (N2), TAM, 
Treg cells etc.) within TME. BRB directly targets 
constitutive expression of STAT-3 in nasopharyngeal 
carcinoma. It also inhibits cytokine (IL-6) mediated 
active STAT3 expression in CAF in nasopharyngeal 
carcinoma46. IL-8 secretion is known to promotes 

 
 

Fig. 4 — Berberine as an effective immunomodulator molecule at TME 
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tumor angiogenesis and metastasis in gastric cancer 
(AGS cells, MGC 803), triple negative breast cancer 
(TNBC cells), BRB inhibit IL-8 secretion via 
deactivation of phosphorylated expression of p38 
MAPK, ERK1/2 and JNK signaling pathway, it also 
obstructs interaction of CXC motif chemokine receptor 
(CXCR1) and (CXCR2) etc. with their respective 
ligand on other pro-tumorigenic immune cells.BRB 
also down-regulate chemokine receptors expression of 
CCR6, CCR9, CXCR1, CXCR4 etc. in breast cancer 
(MCF-7) thus decreases tumorigenic interaction with in 
TME and drives it towards tumor regressive 
outcomes47.  
 
Berberine as an adjuvant molecule 

BRB and TRAIL receptor (DR5) targeted therapy 
in breast cancer reveals enhanced TRAIL induced 
apoptosis in TRAIL-sensitive (MDA-MB-231) and 
resistant (MDA-MB-468) cancer cells this enhances 
therapeutic efficacy of anti-DR5 antibody when 
provided in combination with berberine48. BRB act as 
adjuvant to IDO1 inhibitor thus initiates tumor 
targeting through natural cells (NK cells) via 
activation of killer response against tumor growth. Its 
combination with other IDO1 related inhibitor can 

targetIDO1 expression, enzymatic activity for 
enhanced antitumor effectiveness. Further, on 
addition with IDO1 effect or modulator (mTOR, 
mammalian target of rapamycin; AhR, aryl 
hydrocarbon receptor; GCN2, general control over 
nonderepressible 2) it can also modulate immune 
suppression at TME by targeting IDO1 expression 
levels induced through related signaling pathways 
IFN-γ/JAK/STAT, PI3K/PKC, and NF-B etc49. 
Thus, use of BRB as a novel adjuvant molecule 
frames a better approach for targeting and 
reprogramming immune cells along with tumor at 
TME for better therapeutic outcomes50.  
 
Targeting strategy of berberine against mutant 
p53 

Targeting strategy against mutant p53 focus on 
apparent role of BRB in enhancing therapeutic 
efficacy against tumor recognized with immune 
suppression and chemoresistance. These targeting 
strategies may include: 1) mutant p53 regulation by 
microRNA 2) regulation of factors responsible for 
mutant p53 stability 3) post translational modification 
(PTM) of mutant p53 4) reactivation of wild type p53 
expression (Fig. 5). 
 

 
 

Fig. 5 — Schematic illustration of targeting strategy of berberine against mutant p53cancer cell 
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Regulation of mutant p53 by miRNA 
MicroRNAs (miRNA) are non-coding RNAs 

ranging from 18-24 nucleotide pair specifically 
targeting messenger RNA (mRNA) by complementary 
base pairing. Presence of mutant p53 determines the 
expression ratio of tumor suppressor miRNA to 
oncogenic miRNA in cancer cells. Increased 
expression level mutant p53 tends to down regulate 
tumor suppressor miRNA expression level (miR-130b, 
miR-27a, miR-223) and up-regulates oncogenic 
miRNA (miR-155 miR-128-2) expression as reported 
in various cancers such as endometrial cancer, breast 
cancer, colon cancer etc51. 

BRB as inhibition inducer for oncogenic miRNA can 
target Mp53 mediated cancer stability and can provide a 
regulatory insight for tumor regression in various 
cancers. Down-regulation of miR-21 in BRB treated 
ovarian cancer is suggestive of its effectiveness against 
tumor growth, in multiple myelomathe mechanistic path 
of inhibition is depicted where BRB inhibits miRNA-21 
by inhibiting IL-6 and STAT3 expressions thus, induces 
apoptosis. BRB in hepatocellular carcinoma alters the 
expression of MAT2A and MAT2B by up-regulating 
miR-21-3p expression, in colorectal cancer it obstructs 
Pin1-catenin–cyclin D1 signaling cascade by elevated 
expression of miR-296-5p, it also induces apoptosis with 
down-regulation of miR-429 expression. BRB is also 
known to up-regulate miR-203, in gastric cancer cells51.  
 
Regulation of p53 stability 

Existence of mutant p53 within the cancer cells is a 
stability dependent phenomenon represented with 
insufficient working of ubiquitination mechanism or 
adapted PTM modifications in mutant p53 protein 
within cancer cells, which protects p53 mutant from 
being degraded therefore ensuring stable half-life of 
mutant p53 protein. This mutant expression further 
induces oncogenic shift by cellular ROS generation 
because of stable interaction of it with NADH 
quinone oxidoreductase 1 (NQO1)52. The possible 
reason behind deficient ubiquitination mechanism 
against mutant p53 in cancer cells can be its firm 
union with molecular chaperone present in cytoplasm 
such as HSP70. This principal chaperon molecule is 
known for its interactions with mutant p53 protein but 
to ensure enhanced stability it requires the presence of 
stabilizer molecule i.e., co-chaperone molecule such 
as HSP90. Presence of HSP90chaperone protein 
complexed with Mdm2 thus, direct inhibition of 
Mdm2 induced ubiquitination of mutant p5352,53. 
Other than this Pin1 expression is also known for 

transcriptional regulation enhancement for mutant p53 
form20,52. Perhaps BRB and its related interaction 
studies with HSP90reveals the existence of BRB 
binding site on HSP90 chaperon. ATP binding 
domain on HSP90 is marked to be a molecular hot 
spot for BRB thus, binding of berberine can initiate 
reversal of stable complex that ensures enhanced half-
life of mutant p53 within cancer cells. Synergistic 
effect of BRB was reported in combination with 
NVP-AUY922 (HSP-90 Inhibitor) against colorectal 
cancer, by CDK4 inhibition & miR-296-5p-induced 
repression of the Pin1–β-catenin–cyclin D1 signaling 
pathway54.  
 
Post-translational modifications of mutant p53 

Post-translational modifications of p53 protein 
irrespective of its wild or mutant expression along 
with modifications in p53 mutant inhibitor (Mdm2/ 
MdmX) also contribute to its stability. DNA damage 
mediated phosphorylation of p53 at two different 
residues i.e., serine 20 and threonine 18 prevent it 
from degradation via Mdm2 thus contributing to its 
activation and stabilization55. Constitutive 
phosphorylation by ERK also adds on to its stable 
foundation. Further acetylation induced mutant p53 
gene stabilization is also known where activated 
expression of SIRT1is key destabilizing agent as its 
deacetylates mutant p5356. The arbitrary PTM within 
WT p53 and mutant p53 phenotype along with p53 
mutant inhibitors under stress needed to be managed 
for least mutant p53 accumulation and activation, 
presence of BRB can definitely act accordingly 
destabilizing it within cancer cells.  
 
Reactivation of the Wild-Type Function in mutp53  

Targeting functional expression of mutant p53 at 
transcriptional and translational level can be 
subjugated to readjust the conformational state of 
mutant p53 from where it can be reactivated back to 
its wild type functional expression57. There are 
numerous pharmacological molecules known for this 
purpose referred as small molecules: PRIMA-1, 
MIRA-1 CP-31398 and SCH529074, RITA etc. 
probable binding of these molecules to mutant p53 
ensure apoptotic cell death in mutant p53 cancer cells 
and promote wild p53 expression by shielding it from 
Mdm2 mediated degradation. Similar to it, binding of 
BRB to mutant p53 or p53 response element on 
targeted gene can provide a feasible direction and the 
new insight to manage p53 expression in cancer 
cells57. 
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Conclusion 
Recent advancement in cancer therapeutics aids to 

improve cancer malignancies by focusing on the risk 
factor associated with cancer resistance and immune 
suppression. Due to the limitation of conventional 
therapy, Plant derived phtochemicals such as 
berberine has evolved as potent anti-cancer agents. 
P53 being a chief regulatory mediator regulating 
numerous cancers related signaling pathway, targeting 
its mutated expression can redefine the new pathway 
towards functional wild type p53 expression in cancer 
cells. Versatile nature of BRB has enabled its use as a 
prime anti-cancer agent both as a chemosensitizer and 
as a immunomodulatory agent. The only issue that 
holds back its utilization is its poor solubility/ stability 
and bioavailability. These related issues can be 
managed by directing its utilization as a formulation 
at nano scale range. Nano formulation can either load 
or encapsulate BRB within nano-constructs to 
enhance its efficacy. The substantial role of BRB 
against mutant p53 expression marks new edges for 
novel and promising framework for cancer 
management therapies. 
 
Acknowledgement 

PS is thankful to University Grant Commission 
(UGC) for her SRF. MY and KN is thankful to 
Council of Scientific and Industrial Research (CSIR) 
for their SRF. 
 
Conflict of interest 

All authors declare no conflict of interest. 
 
References 
1 Ferlay J, Colombet M, Soerjomataram I, Parkin DM,  

Piñeros M, Znaor A & Bray F, Cancer statistics for the year 
2020: An overview. Int J Cancer Res, 149 (2021) 778. 

2 Mathur P, Sathishkumar K, Chaturvedi M, Das P,  
Sudarshan KL, Santhappan S, Nallasamy V, John A, 
Narasimhan S & Roselind FS, ICMR-NCDIR-NCRP 
Investigator Group, Cancer statistics, 2020: report from 
national cancer registry programme, India. JCO Glob Oncol, 
6 (2020) 1063. 

3 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA & 
Jemal A, Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. Cancer J Clin, 68 (2018) 394. 

4 Fouad YA & Aanei C, Revisiting the hallmarks of cancer. 
Am J Cancer Res, 7 (2017) 10. 

5 Cordani M, Butera G, Pacchiana R & Donadelli M, 
Molecular interplay between mutant p53 proteins and 
autophagy in cancer cells. BBA-Rev Cancer, 1867 (2017) 19. 

6 Qin JJ, Li X, Hunt C, Wang W, Wang H & Zhang R, Natural 
products targeting the p53-MDM2 pathway and mutant p53: 

recent advances and implications in cancer medicine. Genes 
Dis, 5 (2018) 204. 

7 Derbal Y, The adaptive complexity of cancer. Biomed Res 
Int, (2018). 

8 Longley DB & Johnston PG, Molecular mechanisms of drug 
resistance. J Pathol Clin Res, 205 (2005) 275. 

9 Labani-Motlagh A, Ashja-Mahdavi M & Loskog A, The 
tumor microenvironment: A milieu hindering and obstructing 
antitumor immune responses. Front Immunol, 11 (2020) 940. 

10 Khan I, Najeebullah S, Ali M & Shinwari ZK, 
Phytopharmacological and ethnomedicinal uses of the Genus 
Berberis (Berberidaceae): A review. Trop J Pharm Res, 15 
(2016) 2047. 

11 Ahmed S, Shuaib M, Ali K, Ali S & Hussain F, Evaluation 
of different parts of Berberis lyceum and their biological 
activities: a review. Pure Appl Biol, 6 (2017) 897. 

12 Vousden KH & Prives C, Blinded by the light: the growing 
complexity of p53. Cell J, 137 (2009) 413. 

13 He C, Li L, Guan X, Xiong L & Miao X, Mutant p53 gain of 
function and chemoresistance: The role of mutant p53 in 
response to clinical chemotherapy. J Chemother, 62 (2017) 
43. 

14 Ren D, Wang M, Guo W, Zhao X, Tu XA, Huang S, Zou X 
& Peng X, Wild-type p53 suppresses the epithelial-
mesenchymal transition and stemness in PC-3 prostate 
cancer cells by modulating miR-145. Int J Oncol, 42 (2013) 
1473. 

15 Shen Y, Zhang S, Huang X, Chen K, Shen J & Wang Z, 
Involvement of p53 mutation and mismatch repair proteins 
dysregulation in NNK-induced malignant transformation of 
human bronchial epithelial cells. Biomed Res Int, (2014). 

16 Schetter AJ, Heegaard NH & Harris CC, Inflammation and 
cancer: interweaving microRNA, free radical, cytokine and 
p53 pathways. J Carcinog, 31 (2010) 37. 

17 Pandya PH, Murray ME, Pollok KE & Renbarger JL, The 
immune system in cancer pathogenesis: potential therapeutic 
approaches. J ImmunoL Res, (2016). 

18 Domblides C, Lartigue L & Faustin B, Control of the 
antitumor immune response by cancer metabolism. Cells J, 8 
(2019) 104. 

19 Cui Y & Guo G, Immunomodulatory function of the tumor 
suppressor p53 in host immune response and the tumor 
microenvironment. International journal of molecular 
sciences. Int J Mol Sci, 17 (2016) 1942. 

20 Mantovani F, Walerych D & Sal GD, Targeting mutant p53 
in cancer: a long road to precision therapy. FEBS J, 284 
(2017) 837. 

21 Zou K, Li Z, Zhang Y, Zhang HY, Li B, Zhu WL, Shi JY,  
Jia Q & Li YM, Advances in the study of berberine and its 
derivatives: a focus on anti-inflammatory and anti-tumor 
effects in the digestive system. Acta Pharmacol Sin, 38 
(2017) 157. 

22 Kaboli PJ, Rahmat A, Ismail P & Ling KH, Targets and 
mechanisms of berberine, a natural drug with potential to 
treat cancer with special focus on breast cancer. Eur  
J Pharmacol, 5740 (2014) 584. 

23 McCubrey JA, Lertpiriyapong K, Steelman LS, Abrams SL, 
Yang LV, Murata RM, Rosalen PL, Scalisi A, Neri LM, 
Cocco L & Ratti S, Effects of resveratrol, curcumin, 
berberine and other nutraceuticals on aging, cancer 
development, cancer stem cells and microRNAs. Aging 
(Albany NY), 9 (2017) 1477. 



SINGH et al.: VERSATILITY OF BERBERINE 
 
 

519

24 Roos J, Grösch S, Werz O, Schröder P, Ziegler S, Fulda S, 
Paulus P, Urbschat A, Kühn B, Maucher I & Fettel J, 
Regulation of tumorigenic Wnt signaling by cyclooxygenase-
2, 5-lipoxygenase and their pharmacological inhibitors: A 
basis for novel drugs targeting cancer cells. Pharmacol Ther, 
1157 (2016) 43. 

25 Ruan H, Zhan YY, Hou J, Xu B, Chen B, Tian Y, Wu D, 
Zhao Y, Zhang Y, Chen X & Mi P, Berberine binds RXRα to 
suppress β-catenin signaling in colon cancer cells. Oncogene, 
36 (2017) 6906. 

26 Hu Q, Li L, Zou X, Xu L & Yi P, Berberine attenuated 
proliferation, invasion and migration by targeting the 
AMPK/HNF4α/WNT5A pathway in gastric carcinoma. 
Front Pharmacol, 9 (2018). 

27 Wang Z, Liu Y, Xue Y, Hu H, Ye J, Li X, Lu Z, Meng F & 
Liang S, Berberine acts as a putative epigenetic modulator by 
affecting the histone code. Toxicol in Vitro, 36 (2016) 10. 

28 Saha SK & Khuda-Bukhsh AR, Berberine alters epigenetic 
modifications, 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, 5744 (2014) 132. 

29 Ehteshamfar SM, Akhbari M, Afshari JT, Seyedi M, Nikfar 
B, Shapouri Moghaddam A, Ghanbarzadeh E & Momtazi 
Borojeni AA, Anti‐inflammatory and immune modulatory 
impacts of berberine on activation of autoreactive T cells in 
autoimmune inflammation. J Cell Mol Med, 24 (2020) 1357. 

30 Pang YN, Liang YW, Feng TS, Zhao S, Wu H, Chai YS,  
Lei F, Ding Y, Xing DM & Du LJ, Transportation of 
berberine into HepG2, HeLa and SY5Y cells: a correlation to 
its anti-cancer effect. PLoS One, 9 (2014) e112937. 

31 He C, Rong R, Liu J,Wan J,Zhou K & Kang JX, Effects of 
coptis extract combined with chemotherapeutic agents on 
ROS production, multidrug resistance, and cell growth in 
A549 human lung cancer cells. Chin Med, 7 (2012) 11. 

32 Jin P, Zhang C & Li N, Berberine exhibits antitumor effects 
in human ovarian cancer cells. Anticancer Agents Med Chem, 
15 (2015) 511. 

33 Wen C, Wu L, Fu L, Zhang X & Zhou H, Berberine 
enhances the anti-tumor activity of tamoxifen in drug-
sensitive MCF-7 and drug-resistant MCF-7/TAM cells. Mol 
Med Rep, 14 (2016) 2250. 

34 Chu SC, Yu CC, Hsu LS, Chen KS, Su MY & Chen PN, 
Berberine reverses epithelial-to-mesenchymal transition and 
inhibits metastasis and tumor-induced angiogenesis in human 
cervical cancer cells. Mol Pharmacol, 86 (2014) 609. 

35 Huang C, Tao L, Wang XL & Pang Z, Berberine reversed the 
epithelial‐mesenchymal transition of normal colonic 
epithelial cells induced by SW480 cells through regulating 
the important components in the TGF‐β pathway. J Cell 
Physiol, 234 (2019) 11679. 

36 Mahata S, Bharti AC, Shukla S, Tyagi A, Husain SA &  
Das BC, 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 
(2011) 39. 

37 Zhu T, Li LL, Xiao GF, Luo QZ, Liu QZ, Yao KT &  
Xiao GH, Berberine increases doxorubicin sensitivity by 
suppressing STAT3 in lung cancer. Am J Chin Med, 43 
(2015) 1487. 

38 Chen GZ, Zhu HC, Dai WS, Zeng XN, Luo JH & Sun XC, 
The mechanisms of radioresistance in esophageal squamous 

cell carcinoma and current strategies in radiosensitivity.  
J Thorac Dis, 9 (2017) 849. 

39 Li D, Zhang Y, Liu K, Zhao Y, Xu B, Xu L & Cao H, 
Berberine inhibits colitis-associated tumorigenesis via 
suppressing inflammatory responses and the consequent 
EGFR signaling-involved tumor cell growth. Lab Invest, 97 
(2017) 1343. 

40 Piao M, Cao H, He N, Yang B, Dong W, Xu M & Wang B, 
Berberine inhibits intestinal polyps growth in Apc (min/+) 
mice via regulation of macrophage polarization. Evid Based 
Complement Altern Med, 2016. 

41 Hsieh CH, Tai SK & Yang MH, Snail-overexpressing cancer 
cells promote M2-like polarization of tumor-associated 
macrophages by delivering MiR-21-abundant exosomes. 
Neoplasia, 20 (2018) 775. 

42 Cui G, Qin X, Zhang Y, Gong Z, Ge B & Zang YQ, 
Berberine differentially modulates the activities of ERK, p38 
MAPK, and JNK to suppress Th17 and Th1 T cell 
differentiation in type 1 diabetic mice. J Biol Chem, 284 
(2009) 28420. 

43 Lin WC & Lin JY, Berberine down-regulates the Th1/Th2 
cytokine gene expression ratio in mouse primary splenocytes 
in the absence or presence of lipopolysaccharide in a 
preventive manner. Int Immunopharmacol, 11 (2011) 1984. 

44 Zhang S, Zhou L, Zhang M, Wang Y, Wang M, Du J &  
Du G, Berberine maintains the neutrophil N1 phenotype to 
reverse cancer cell resistance to doxorubicin. Front 
Pharmacol, 10 (2020) 1658. 

45 Najafi M, Farhood B & Mortezaee K, Contribution of 
regulatory T cells to cancer: A review. J Cell Physiol, 234 
(2019) 7983. 

46 Tsang CM, Cheung YC, Lui VWY, Yip YL, Zhang G,  
Lin VW & Tsao SW, Berberine suppresses tumorigenicity 
and growth of nasopharyngeal carcinoma cells by inhibiting 
STAT3 activation induced by tumor associated fibroblasts. 
BMC Cancer, 13 (2013) 619. 

47 Kim S, You D, Jeong Y, Yu J, Kim SW, Nam SJ &  
Lee JE,Berberine down-regulates IL-8 expression through 
inhibition of the EGFR/MEK/ERK pathway in triple-
negative breast cancer cells. Phytomedicine, 50 (2018) 43. 

48 Refaat A, Abdelhamed S, Yagita H, Inoue H, Yokoyama S, 
Hayakawa Y & Saiki I, Berberine enhances tumor necrosis 
factor-related apoptosis-inducing ligand-mediated apoptosis 
in breast cancer. Oncol Lett, 6 (2013) 840. 

49 Liu M, Wang X, Wang L, Ma X, Gong Z, Zhang S & Li Y, 
Targeting the IDO1 pathway in cancer: from bench to 
bedside. J Hematol Oncol, 11 (2018) 100. 

50 AyatiSH, Fazeli B, Momtazi-Borojeni AA, Cicero AF,  
Pirro M & Sahebkar A, Regulatory effects of berberine on 
microRNome in cancer and other conditions. Crit Rev Oncol 
Hematol, 116 (2017) 147. 

51 Frum RA & Grossman SR, Mechanisms of mutant p53 
stabilization in cancer. Subcell Biochem, 85 (2014) 187. 

52 Li D, Marchenko ND, Schulz R, Fischer V,  
Velasco-Hernandez T, Talos F & Moll UM, Functional 
inactivation of endogenous MDM2 and CHIP by HSP90 
causes aberrant stabilization of mutant p53 in human cancer 
cells. Mol Cancer Res, 9 (2011) 577. 

53 Su YH, Tang WC, Cheng YW, Sia P, Huang CC, Lee YC & 
Lee KH, Targeting of multiple oncogenic signaling pathways 
by Hsp90 inhibitor alone or in combination with berberine 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 59, MAY 2022 
 
 

520

for treatment of colorectal cancer. Biochim Biophys Acta Mol 
Cell Res BBA-MOL CELL RES, 1853 (2015) 2261. 

54 Zhang ZY, Hong D, Nam SH, Kim JM, Paik YH, Joh JW & 
Park CK, SIRT1 regulates oncogenesis via a mutant p53-
dependent pathway in hepatocellular carcinoma. J Hepatol, 
62 (2015) 121. 

55 Boeckler FM, Joerger AC, Jaggi G, Rutherford TJ, 
Veprintsev DB & Fersht AR, Targeted rescue of a 
destabilized mutant of p53 by an in silico screened drug. 
Proc Natl Acad Sci USA, 105 (2008) 10360. 

56 Emma M, Maxwell E, Ramos R, Liang L, Li C, Hesk D, 
Rossman R, Mallams A, Doll R, Liu M, Seidel-Dugan C, 
Bishop WR & Dasmahapatra B, SCH529074, a small 
molecule activator of mutant p53, which binds p53 DNA 
binding domain (DBD), restores growth-suppressive function 
to mutant p53 and interrupts HDM2-mediated ubiquitination 
of wild type p53. J Biol Chem, 285 (2010) 10198. 

57 Zawacka‐Pankau J & Selivanova G, Pharmacological 
reactivation of p53 as a strategy to treat cancer. J Intern Med, 
277 (2010) 248. 

 


