
216

 JOURNAL OF CANCER PREVENTION

     Vol. 21, No. 4, December 2016
https://doi.org/10.15430/JCP.2016.21.4.216

pISSN 2288-3649ㆍeISSN 2288-3657
www.jcpjournal.org

http://crossmark.crossref.org/dialog/?doi=10.15430/JCP.2016.21.4.216&domain=pdf&date_stamp=2016-12-30

Role of Apigenin in Cancer Prevention via the 
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Apigenin (4’,5,7-trihydroxyflavone) is a flavonoid commonly found in many fruits and vegetables such as parsley, chamomile, celery, 
and kumquats. In the last few decades, recognition of apigenin as a cancer chemopreventive agent has increased. Significant progress 
has been made in studying the chemopreventive aspects of apigenin both in vitro and in vivo. Several studies have demonstrated that 
the anticarcinogenic properties of apigenin occur through regulation of cellular response to oxidative stress and DNA damage, suppression 
of inflammation and angiogenesis, retardation of cell proliferation, and induction of autophagy and apoptosis. One of the most 
well-recognized mechanisms of apigenin is the capability to promote cell cycle arrest and induction of apoptosis through the p53-related 
pathway. A further role of apigenin in chemoprevention is the induction of autophagy in several human cancer cell lines. In this review, 
we discuss the details of apigenin, apoptosis, autophagy, and the role of apigenin in cancer chemoprevention via the induction of apoptosis 
and autophagy.
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INTRODUCTION

Global changes in fertility and life expectancy have resulted in 

a rapidly increasing and aging population. As a result, the 

magnitude of cancer has also grown substantially in every 

country. In the United States of America, more than 1,685,210 

new cancer cases and 595,690 cancer deaths are predicted in 

2016.1 According to a recent report, the projected global cancer 

burden will rise from 14.1 million new cancer cases in 2012 to 20 

million new cases by 2025, which indicates population growth 

and an evolving age distribution, together with other important 

changes in underlying incidence allied with the prevalence and 

distribution of risk factors.2 A large body of evidence clearly 

indicates that primary prevention of cancer is an effective way to 

fight cancer, with between one-third and one-half of cancers 

being preventable.

Cancer chemoprevention involves the chronic administration 

of a synthetic, natural, or biological agents, as either an individual 

drug or dietary supplement, to reduce or delay the occurrence of 

malignancies. Methodologically, chemoprevention is categorized 

as primary, secondary, or tertiary. Primary chemoprevention is 

suitable for the general healthy population who may be at 

increased risk of disease. Secondary chemoprevention involves 

administration of agents to reduce the progression of cancer that 

has already developed in patients with premalignant lesions. 

Definitions of primary and secondary chemoprevention vary and 

some groups now combine the two scenarios under the category 

of “primary chemoprevention”. The representative examples of 

primary chemopreventive agents include dietary phytochemicals 

and non-steroidal anti-inflammatory drugs. Tertiary chemopre-

vention aims to prevent the disease recurrence or the develop-

ment of additional primary disease in individuals who have 
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Figure 1. Structure and natural sour-
ces of apigenin. Data from US Depar-
tment of Agriculture (2011; https:// 
www.ars.usda.gov/ARSUserFiles/8040
0525/Data/Flav/Flav_R03.pdf).

undergone successful treatment of early disease. At the 

molecular level, cancer chemoprevention is categorized by the 

disruption of multiple pathways and processes of the three stages 

of carcinogenesis: initiation, promotion, and progression. Agents 

that inhibit the initiation stage are termed “blocking agents” 

because they may act by preventing interactions between 

mutagenic substance with DNA, which results in mutations that 

contribute to not only cancer initiation but also to progressive 

genomic instability and neoplastic transformation. Agents that 

inhibit promotion and progression are often referred as 

“suppressing agents” for their ability to perturb the effects of 

tumor promoters. In recent years, cancer chemoprevention has 

emerged as a major approach for the reduction of cancer burden.3 

Phytochemicals are non-nutritive plant chemicals with pro-

tective or disease preventive properties. Phytochemicals are one 

of typical chemopreventive agents as mentioned above, and exist 

in abundance in fruits and vegetables. The current consensus is 

that, in general, cancer risk is inversely associated with the 

consumption of fruits and vegetables.4 Polyphenols present in 

plant-based foods, such as fruits and vegetables, are the most 

extensively studied group of phytochemicals. Flavonoids are a 

large subgroup of polyphenols that are present in a wide range of 

fruits, vegetables, and grains. Abundant evidence speculates that 

flavonoids may be helpful in the reduction of cancer risk simply 

by functioning as antioxidants and eliminating free radicals that 

have been linked to DNA damage and inflammation. Previous 

case-control studies have shown that intake of total flavonoids, 

flavonoid subgroups, or individual flavonoids was associated 

with a reduced risk of lung, gastric, colorectal, breast, ovarian, and 

endometrial cancers and non-Hodgkin’s lymphoma.5-10 Interes-

tingly, one case-control study evaluated the association between 

intake of five common dietary flavonoids (myricetin, kaempferol, 

quercetin, luteolin, and apigenin) and ovarian cancer risk in 1,141 

patients with ovarian cancer and 1,183 frequency-matched 

control subjects.8 There was no clear association between the 

incidence of ovarian cancer and the total intake of the five 

flavonoids examined. In analyses of each individual flavonoid, 

only apigenin intake was associated with decreased cancer risk, 

and the association was only of borderline significance. Given the 

promising findings from other studies on the association bet-

ween dietary flavonoid intake and cancer risk, as well as the 

evidence of an inverse association with apigenin intake, addi-

tional studies of apigenin intake and cancer risk are warranted.

NATURAL SOURCES OF APIGENIN

Flavonoids (or bioflavonoids) are a class of plant and fungus 

secondary metabolites. They were discovered in the 1930s by the 

Hungarian biochemist Rusznyák and Szent-Györgyi.11 They 

isolated a substance from citrus rind, which they called citrin or 

vitamin P, that contained a mixture of flavonoids. Later, vitamin 

P was renamed flavonoids.11 Since this discovery, scientists have 

identified more than 7,000 flavonoids and the list of newly-di-

scovered flavonoids continues to grow.12
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The compound 4',5,7-trihydroxyflavone is a natural flavone 

commonly referred to as apigenin. The name “apigenin”, like 

many other flavonoids, is derived from Apium genus in  Apiaceae 

(celery, carrot or parsley family, also known as Umbelliferae). The 

compound has hydroxyl groups at positions C-5 and C-7 of A-ring 

and C-4' of B-ring, and belongs to a class of flavonoids known as 

flavones (Fig. 1). The molecular formula of apigenin is C15H10O5 

and molecular weight is MW 270.24; it is a yellow crystalline 

powder insoluble in water and soluble in dimethyl sulfoxide and 

hot ethanol. 

Apigenin is regarded as one of the major flavonoids because of 

its presence and abundance in a variety of natural sources, 

including fruits and vegetables. Major sources of apigenin include 

parsley, chamomile, celery, vinespinach, artichokes, and oregano. 

Among these, dried parsley is the richest source of apigenin, 

containing 45,035 g/g. Other sources of high apigenin content 

are chamomile (dried flower), celery seed, vinespinach, and 

Chinese celery, containing 3,000-5,000 g/g, 786.5 g/g, 622 g/g, 

and 240.2 g/g, respectively (Fig. 1). Other than apigenin, various 

glycosylated derivatives (e.g., apiin and apigetrin) and dimers of 

apigenin such as amentoflavone (3',8''-biapigenin) have been 

isolated from natural sources. 

ROLE OF APIGENIN IN 
CANCER PREVENTION

In the 1980s, Birt et al.13 first demonstrated the effective 

anti-mutagenic and anti-promotive properties of apigenin. Since 

then, the potential value of apigenin in cancer prevention and 

treatment has been further supported by extensive research in 

various animal models of cancer. 

The chemopreventive effect of apigenin was explored in at 

least dozen in vivo studies, which tested doses, administration 

routes, and treatment frequencies of apigenin. The oral admi-

nistration of apigenin (20 and 50 g/mice) for 20 weeks reduced 

tumor volumes and induced complete abolishment of distant 

organ metastasis in the transgenic adenocarcinoma of a mouse 

prostate (TRAMP) model. This effect was attributed to the 

suppression of the phosphoinositide 3-kinase (PI3K)/Akt/ 

Forkhead box O-signaling pathway.14 The same research group 

also showed that apigenin effectively suppressed prostate cancer 

progression in TRAMP mice by attenuation of insulin-like growth 

factor (IGF)-I/IGF binding protein-3 signaling and inhibition of 

angiogenesis and metastasis.15 In addition, a 15-week period of 

oral administration of apigenin (2.5 mg/kg) in hamsters resulted 

in reduction of tumor volume and incidence, modulation of cell 

proliferation, apoptosis, inflammation, and angiogenesis markers, 

and modulation of phase I and II detoxification cascades in a 

7,12-dimethyl benz[a]anthracene (DMBA)-induced experimental 

oral carcinogenesis model.16,17 The chemoprotective effect of 

apigenin against oral carcinogenesis was further supported by 

studies reporting that this flavone lowered tumor incidence in 

DMBA-induced animal model.18,19 Wei et al.20 investigated the 

potential chemopreventive effects of apigenin on murine skin 

tumorigenesis initiated by DMBA and promoted by 12-O-tetra-

decanoylphorbol-13-acetate in SENCAR mice. Their findings 

revealed that topical application of apigenin (5 and 20 mol) 

results in a marked reduction of incidence and number of 

papillomas as well as carcinomas. 

A study by Byun et al.21 showed reduction of UVB-induced ear 

edema and inflammatory mediator COX-2 expression in the skin 

of SKH-1 hairless mouse, reflecting the potent chemopreventive 

activity of apigenin against UVB-induced skin inflammation. A 

topical application of apigenin (5 M) prior to UVB-exposure 

attenuated the expression of COX-2 and hypoxia inducible factor 

(HIF)-1, important mediators of angiogenesis, through modu-

lation of HuR and thrombospondin-1.22 Another study showed 

that apigenin inhibited activation of the UVB-induced mammalian 

target of rapamycin (mTOR), cell proliferation, and cell cycle 

progression in mouse skin. The same study also demonstrated 

that apigenin inhibited UVB-induced mTOR signaling mainly 

through the activation of AMP-activated protein kinase (AMPK), 

rather than the suppression of Akt, even though UVB-induced 

mTOR activation is driven by PI3K/Akt signaling and apigenin is 

capable of blocking Akt phosphorylation/activation.23

Assessment of the chemopreventive potential of apigenin in a 

colon carcinogenesis model induced by azoxymethane injection 

in rats demonstrated that dietary intake of this flavone (0.1%) 

triggered apoptosis of luminal surface colonocytes and reduced 

the incidence of aberrant crypt foci, the earliest identifiable 

lesions in the development and progression of colon cancer, 

particularly in the tumor initiation phase.24 In the same model, 

subcutaneous injections of apigenin (0.75 and 1.5 mg/kg body 

weight) significantly decreased the incidence of peritoneal me-

tastasis of intestinal adenocarcinomas.25 Similarly, in APCMin/＋ 

mice,26 oral administration of apigenin reduced the number of 

polyp by the activation of p53, a tumor suppressor gene. Overall, 

these results reflect the beneficial effect of apigenin against 

chemical- and mutation-induced carcinogenesis.

Numerous in vivo examples have suggested that apigenin 

could suppress tumor growth and metastasis. The oral admi-

nistration of apigenin (20 and 50 g/mice) decreased the volume 
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and wet weight of tumors in nude mice bearing human prostate 

cancer, without any undesirable side effects.27-30 Apigenin intake 

also decreased serum-IGF-I level and induced apoptosis and cell 

cycle arrest in tumor xenograft. 27,29,31,32 Apigenin was shown to 

interrupt the NF-B signaling pathways; this was responsible for 

the suppression of prostate cancer progression.30 Moreover, 

apigenin significantly decreased the level of Her2/neu, a protein 

involved in growth factor signaling, which indicated a reduction 

in breast cancer cell proliferation in apigenin-treated mice.33 

Apigenin also displayed significant antitumor activity in human 

colon cell implanted nude mice.34,35 The anti-metastatic activity 

of apigenin has also been reported in an orthotopic colorectal 

nude mouse model.36 Apigenin treatment in mice carrying A549 

lung cancer xenografts reduced the tumor volume. This was 

partially attributed to interruption of the HIF-1-vascular 

endothelial growth factor pathway and subsequent suppression 

of angiogenesis and cell proliferation.37 Likewise, the intake of an 

apigenin in diet (0.2%) for six weeks produced significant 

antitumor activity in an orthotopically implanted nude mouse 

model of human pancreatic cancer.38 Overall, the majority of 

these studies indicate that apigenin can inhibit tumor initiation, 

progression, and metastasis in a wide variety of preclinical cancer 

models.

ROLE OF APIGENIN IN APOPTOSIS

Programmed cell death (PCD), referring to apoptosis or type I 

PCD, is one of the most well-characterized types of cell death. PCD 

is an evolutionally conserved and fundamental process involved 

in the regulation of various physiological conditions, such as the 

development and homeostasis of multicellular organisms. Apo-

ptosis is important in cancer biology because PCD is a critical 

process by which abundant or undesirable cells can be removed. 

A huge body of evidence demonstrates that deregulation or 

mutation of apoptosis contributes to the development of 

numerous pathological conditions, including neurodegenerative 

diseases, autoimmunity, and cancer.39,40 Two core pathways exist 

to induce apoptosis: the extrinsic [death receptor (DR)] pathway 

and intrinsic (mitochondrial) pathway. The extrinsic pathway is 

activated by the binding of DRs (Fas and other similar receptors, 

such as TNF receptor 1 and its relatives) with their cognate 

ligands. Upon engaging with their ligands, DRs induce the 

formation of death-inducing signaling complex by recruitment of 

caspase-8 and lead the activation of caspase cascade. The 

activated caspase-8 can either directly activate effector caspases 

such as caspase-3 or indirectly initiate activation of the intrinsic 

pathway of apoptosis.41 The intrinsic pathway is triggered by the 

release of mitochondrial intermembrane space proteins into the 

cytosol. In both cases, when a cell is stimulated by either 

extracellular or intracellular signals, the outer mitochondrial 

membrane becomes permeable to internal cytochrome c, which is 

then released into the cytosol. The released cytochrome c 

activates caspases by forming apoptosome, a protein complex 

composed of cytochrome c and apoptotic peptidase activating 

factor 1, leading to caspase-9 and subsequently caspase-3 activation 

and culminating at the conclusion of the extrinsic pathway: 

apoptosis.42

The effects of apigenin on apoptosis have been studied 

extensively in cell populations of many different cancers. Api-

genin has been shown either to directly induce apoptosis or to 

sensitize cells to other pro-apoptotic stimuli in cancer cell lines of 

oral,43 esophageal,44,45 colorectal,26,46-48 hepatic,49,50 and pancreatic51 

cancers. Recent work in pancreatic carcinoma has indicated the 

possibility that apigenin was capable to promote cell cycle arrest 

and induction of apoptosis through p53-related pathways, even 

where cancers harbor mutations of the p53 tumor suppressor.38

Apigenin was shown to sensitize human colorectal carcinoma 

to apoptosis. A comparative study of nine dietary flavonoids was 

performed to examine their effect on cell growth in HCT116 

human colon cancer cells.26 Among the tested flavonoids, 

apigenin was found to be the most potent inhibitor of cell growth. 

Apigenin also induced apoptosis in other colon cancer cell lines, 

including HT-29, SW480, and LoVo.26,46 The concentrations of 

apigenin used in these studies have typically been in the 1-90 

mol range and exposure times were 24 to 72 hours. Treatment of 

these cells with apigenin leads to the induction of the cell cycle 

inhibitor p21/WAF1, pro-apoptotic protein p53, and nonsteroidal 

anti-inflammatory drug-activated gene, caspase-3 activation, and 

DNA fragmentation.26,46 Changes in phosphorylation were 

observed in response to apigenin in HCT116 cells and also found 

in apigenin-treated tumor tissues from APCMIN＋ mice.26

ROLE OF APIGENIN IN AUTOPHAGY 
1. Autophagy 

The term “autophagy” (“self-eating”, and derived from the 

Greek) was coined by De Duve and Wattiaux,52 who discovered a 

process in which the cell digested its own cytoplasmic materials 

within lysosomes. Nowadays, autophagy is defined as a catabolic 

membrane-trafficking process that leads to sequestration and 

degradation of macromolecules within lysosomes.53 The last 

decade has seen a large rise in the study of autophagy due to its 
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involvement with various diseases and stresses, as well as normal 

developmental processes and aging.54,55 There are three primary 

forms of autophagy: microautophagy, macroautophagy, and the 

mechanistically unrelated process, chaperone-mediated autophagy 

(CMA). The different forms are characterized by their function 

and delivery mode of the cargo to lysosomes.53 In macroau-

tophagy, proteins are sequestered in double membrane vesicles 

that form in the cytosol and then fuse with lysosomes to transfer 

their contents for degradation.56 In microautophagy, proteins are 

engulfed inside vesicles that form directly through the inva-

gination of the lysosomal membrane. A third mode of autophagy, 

CMA, only occurs in mammalian cells.57 CMA differs from the 

other modes of autophagy in both the way in which cargo 

proteins are recognized for lysosomal delivery and the way in 

which these proteins reach the lysosomal lumen. In CMA, 

internalization of the substrate protein is preceded by its 

unfolding, a step not required in the other types of autophagy. 

Despite several recent works that have emphasized the important 

roles of microautophagy or CMA in tumor growth and progre-

ssion, macroautophagy is the most studied form; almost all of the 

research related to autophagy and cancer development, progre-

ssion, and therapy is centered on macroautophagy.

2. Autophagy and cancer 

There is growing evidence that the relationship between 

autophagy and cancer is complex.58 Initial studies demonstrated 

that autophagy could impede early cancer development; however, 

high levels of autophagy in multiple cancers indicated that 

autophagy primarily promoted the progression of established 

cancers.59-62 Current research indicates that in cancer, autophagy 

can be neutral, tumor-suppressive, or tumor-promoting under 

different circumstances. Several researches have shown that 

autophagy is more likely to be used as a tumor suppressor. For 

example, monoallelic deletion of BECN1 (ATG6) occurred at high 

frequency in breast, ovarian, and prostate cancer; Beclin 1＋/− 

mice were tumor-prone; and overexpression of BECN1 inhibited 

tumor development.63-65 In agreement with these findings, 

studies of the deletion of other autophagy-regulating genes, such 

as Atgs and Bif-1, also provided evidence that autophagy performs 

tumor suppressive functions.66,67 Another crucial role of 

autophagy is chemoprevention by control of the level of selective 

autophagy cargo receptor p62/SQSTM. The accumulation of p62 

has been observed in human tumors and is of the utmost 

importance in controlling tumor growth and oxidative stress.68 

Deficiency of p62 suppressed mammary, lung, and liver 

tumorigenesis induced by loss of Atg7.69,70 The relationship 

between defective autophagy and p62/SQSTM1 accumulation 

with tumorigenesis was also shown by the increased resistance of 

p62/SQSTM1−/− mice to Ras-induced lung carcinomas compared 

with wild-type animals, through a mechanism involving activation 

of the transcription factor NF-B.71

In contrast, autophagy promotes the growth of advanced 

cancer within the tumor microenvironment. Degenhardt et al.72 

first reported that autophagy was induced specifically in the 

hypoxic tumor regions, where it promotes tumor cell survival. In 

colorectal cancer (CRC), loss of the tumor suppressor Apc acti-

vates autophagy and tumorigenesis in the intestinal epithelium 

and Atg7 deficiency prevents tumor initiation and progression 

with Apc loss. These results indicate that autophagy promotes 

initiation and progression of intestinal cancer driven by Apc loss, 

suggesting the inhibition of autophagy could be considered for 

cancer prevention in individual susceptibility to CRC.73 A very 

recent study reported that autophagy was essential for tumor cell 

motility, as inhibition of autophagy blocks cell migration and 

invasion in vitro and reduces metastasis in vivo. Autophagy 

promoted focal adhesion (FA) disassembly through the intera-

ction of processed LC3 with paxillin, a FA adaptor protein, and 

this interaction was promoted by phosphorylation of paxillin by 

oncogenic Src. This suggested that autophagy promoted tumor 

cell migration and metastasis.74 Overall, the studies described 

herein suggest that the role of autophagy in cancer depends on 

many factors including tissue type, tumor stage, and type of 

oncogenic mutation. 

3. Autophagy and cancer therapy 

Due to the contrasting context-dependent roles in tumor 

progression as discussed previously, a growing body of evidence 

implicates the biphasic role of autophagy following cancer 

therapeutics, whereby their anticancer potential may be enhanced 

or diminished. Conventional cancer therapies (e.g., cytotoxic 

drug and irradiation) have been shown to induce autophagy. 

Other anticancer drugs, like targeted therapy drugs (e.g., imatinib, 

cetuximab, bortezomib, vorinostat) and agents with different 

mechanisms of action (e.g., tamoxifen, ABT-737, nelfinavir), have 

also been shown to induce autophagy in tumor cells. Autophagy 

is stimulated as a protective mechanism to mediate the acquired 

resistance phenotype of some cancer cells against chemotherapy. 

In contrast, autophagy may act as an executioner by inducing 

autophagic cell death, a form of physiological non-apoptotic cell 

death.75 Based on the genetic and pharmacological studies 

reported to date, it appears that anticancer drugs result in 

different effects of autophagy on cell survival in different cancer 
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types.76

This is of particular significance because several cancer 

therapeutics, including tyrosine kinase inhibitors, mTOR 

inhibitors, ionizing radiation, microtubule inhibitors, and 

proteasome inhibitors, are known to modulate autophagy, which 

could interfere with tumor response.77 Currently, numerous 

chloroquine (CQ) derivatives, including hydroxychloroquine 

(HCQ), quinacrine, mefloquine, and piperoquine, are used 

clinically. The lysosome inhibitor CQ is a 4-aminoquinoline that 

was originally used in the treatment or prevention of malaria. A 

number of the phase I/II clinical trials evaluated the maximum 

tolerated dose, safety, pharmacokinetics, and pharmacodynamics 

of HCQ in combination with other cancer therapies for the 

treatment of glioblastoma, advanced solid tumors, melanoma, 

and myeloma.78-82 Rangwala et al.81 reported that the combination 

of temsirolimus (an mTOR inhibitor) and HCQ improved the 

median progression-free survival in 13 melanoma patients to 3.5 

months and increased the rate of stable disease in patients. In 

contrast to the sensitization of tumors to conventional chemo-

therapeutics by using the autophagy inhibitor HCQ, the outcome 

from a recent phase I/II trial of HCQ in conjunction with radiation 

therapy and concurrent and adjuvant temozolomide, a DNA-da-

mage agent, in patients with newly diagnosed glioblastoma 

multiforme showed no significant improvement in overall 

survival, which could be due to inconsistent inhibition of 

autophagy in patients treated with this regimen.83 There are 

concerns that neither CQ nor its derivatives are specific inhibitors 

of autophagy, and produce autophagy-independent cytotoxicity; 

this highlights the need for the development of more specific 

inhibitors targeting only autophagy. 

In addition, the identification of novel targets, such as ULK1 

kinase (the apical kinase important for initiating autophagosome 

formation) and Vps34 (the class III PI3K in the Beclin1 complex), 

and the development of small molecules targeting the components 

of the autophagy pathway other than lysosome inhibitors are 

currently receiving considerable attention. Thus, it is still 

necessary to conduct further clinical trials to investigate the 

benefits of chemotherapy in combination with autophagy 

inducers or inhibitors. 

4. Autophagy induction by apigenin

Only a small number of studies have observed the induction of 

autophagy in response to apigenin and the results are 

controversial.84-88 The effect of apigenin on autophagy in cancer 

cells was first reported by Ruela-de-Sousa et al.86 who showed that 

apigenin caused autophagy in TF1 erythroleukemia cells without 

triggering apoptosis. In TF1 cells, apigenin inhibited mTOR, an 

autophagy repressor, and its downstream target p70S6K. Inte-

restingly, apigenin did not alter the level of Beclin 1, further 

reduced the levels of Atg 5, 7, and 12, and induced non-el-

ectron-dense vacuoles and double-membrane vacuoles, offering 

strong evidence of autophagy. These results suggested that 

autophagy is the dominant response to apigenin treatment in at 

least some types of leukemia. In addition, apigenin has been 

reported to exhibit autophagy-inducing effects in breast cancer 

T47D and MDA-MB-231 cells.84 Apigenin caused autophagy, 

which was evident from the appearance of autophagosomes, the 

accumulation of acidic vesicular organelles (AVOs), and the 

increase of LC3-II. Similarly, our recent study showed that 

apigenin induced both apoptosis and autophagy in HCT116 

human colon cancer cells.85 In HCT116 cells, apigenin increased 

LC3-II protein levels, redistributed the protein LC3 into 

cytoplasmic puncta (a distinctive feature of autophagy), and 

increased the accumulation of AVO, indicating that the flavone 

may be effective for autophagosome formation. Apigenin 

treatment in C6 glioma cells resulted in the induction of both 

autophagy and apoptosis, however, autophagy occurred before 

apoptosis. The cells treated with 50 mol/L apigenin showed a 

high rate of autophagic vacuole formation, and the cells treated 

with 100 mol/L showed a high rate of cells in apoptosis.89 A 

recent study reported that apigenin could induce autophagic cell 

death in human thyroid cancer BCPAP cells, as evidenced by 

Beclin-1 accumulation, conversion of LC3 protein, p62 

degradation, and significantly increased AVO formation.90 These 

results suggest that apigenin simultaneously induced apoptosis 

and autophagy. 

Tong et al.87 examined the effects of apigenin on AMPK 

modulation in human keratinocytes, and found that the 

induction of autophagy by apigenin-mediated AMPK activation 

was accompanied by inhibition of the mTOR signaling pathway, 

thereby suggesting that apigenin can act as a potent 

chemopreventive agent. In contrast, Jeremic et al.88 reported that 

apigenin caused autophagy in C6 glioma cells while 

apigenin-treated cells exhibited marked activation of mTOR 

accompanied by moderate activation of its upstream activator Akt 

and a decrease in AMPK phosphorylation; these effects suggested 

that the autophagy induced by apigenin in C6 glioma was 

AMPK/mTOR-independent.

5. Effect of apigenin on crosstalk between apoptosis 
and autophagy

Both the cellular self-destructive functions, apoptosis (self-ki-
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Figure 2. Signaling pathways and molecules involved in crosstalk 
between apoptosis and autophagy. Cellular stressors such as apige-
nin can start mitochondria outer membrane permeabilization and 
subsequent cytochrome c release and apoptosis induction, while nu-
trient deficiency or ER stress can cause autophagy activation. Under 
physiological conditions, apoptosis and autophagy keep each other 
inactive through mutual inhibition. A strong apoptotic stimulus (for 
example DNA damage, death-receptor stimulation, or cytokine depri-
vation) can drive a cell into apoptotic ‘type I’ cell death. If apoptosis is
inhibited under such conditions (by caspase knockout or Bax/Bak kn-
ockout, [A]), autophagy can become activated and result in a delayed 
‘type II’ cell death through degradation of most cytoplasmic cell 
components and organelles. Under these circumstances, the K.D. of 
autophagy related genes [B] reduces cell death. Autophagy can be-
come activated through ER stress (for example, accumulation of mis-
folded proteins in the ER or intracellular calcium release from the 
ER) or nutrient deficiency. The cell then ensures survival by enhanc-
ing metabolic recycling through autophagy and adapting to the new 
nutrient conditions. K.D. of autophagy genes in such a situation 
leads to an increase in apoptotic ‘type I’ cell death [C]. The crosstalk 
between apoptosis and autophagy [D] is mediated via proteolytic 
processing of ATG5, the transcription factor p53, and the binding 
and subcellular localization of Bcl-2 family proteins with BH3 
domains. Data from Jaeger and Wyss-Coray.92 ER, endoplasmic retic-
ulum; K.D., knockdown.

lling; type I PCD) and autophagy (self-eating; type II PCD) are 

well-controlled processes that play pivotal roles in development, 

tissue homeostasis, and disease. It is interesting that autophagy 

is often observed in dying cells. In many circumstances, this 

represents the cell’s attempt to mitigate stress before resorting to 

the irreversible and final solution of apoptosis. Activation of 

autophagy, in some other settings, might reflect crosstalk 

between apoptosis and autophagy. Indeed, autophagy is induced 

by many stresses that may eventually lead to apoptosis, such as 

organelle dysfunction, metabolic stress, and pathogen infection. 

In general, cells restore autophagy to baseline levels and return to 

their initial state after the resolution of mild stress. However, if 

the stress is severe or persistent and autophagy fails to prolong 

cell survival, cells might respond by activating apoptosis in order 

to ensure a controlled and efficient elimination without triggering 

local inflammation. Therefore, it is plausible that interplay 

between autophagy and apoptosis conferred an evolutionary 

advantage to cells. Moreover, while autophagy and apoptosis are 

distinct processes with fundamentally different molecular 

features, several key inducers (e.g., Beclin-1, Bcl-2, Bcl-xL, mTOR, 

Atg5, p53) that regulate both processes had already been reported 

(Fig. 2).91-94 Further investigation is required to determine how 

the balance between apoptosis and autophagy is maintained in 

cancer cells. 

During the past decade, more than 30 clinical trials have 

assessed the effect of autophagy manipulation on human cancer 

treatment (e.g., conventional or targeted agents), half of which 

used pharmacological inhibitors of autophagy such as CQ or 

HCQ.95,96 There is growing evidence to indicate that natural 

agents can modulate autophagy in cancer cells either positively or 

negatively. Therefore, the cytoprotective autophagy induced by 

natural products was always occurred in conjunction with apo-

ptosis when this autophagy could be much more straightforward 

if the process was naturally regarded as cellular stress clearance. 

Cytoprotective autophagy is usually determined either by use of 

pharmacologic inhibitors of autophagy (such as CQ, bafilomycin 

A1, 3-methyladenine [3-MA], or ammonium chloride) or genetic 

silencing of autophagy-associated genes (such as Beclin-1, Atg 5, 7, 

or 12) to increase cancer cell sensitivity to autophagy-inducing 

stimuli via the promotion of apoptosis. Cao et al.84 found that 

apigenin could induce both apoptosis and autophagy in breast 

cancer cells. In addition, the combination of apigenin with the 

autophagy inhibitor 3-MA was much more effective in the 

induction of apoptosis compared to apigenin alone. Another 

study from our group also reported similar results of a 

chemopreventive effect of apigenin against colon cancer.85 

Apigenin induced both apoptosis and autophagy in HCT116 cells. 

Treatment with apigenin and 3-MA significantly increased the 

percentage of cells undergoing apoptosis and PARP-cleavage, 

which indicated that inhibition of autophagy significantly incr-

eased the percentage of cells undergoing apoptosis and PARP-cl-

eavage. These results demonstrated that apigenin-mediated auto-

phagy may play a cytoprotective role in apigenin-induced apo-

ptosis. The aforementioned results support the evidence demo-

nstrating that apigenin-induced autophagy is implicated in cell 

survival and contributes to the cytoprotective role of autophagy 

(Fig. 2).

An alternative cytoprotective pathway by apigenin-induced 

autophagy in cancer cells has also documented. The role of auto-

phagy in cancer cells is dichotomous, with some reports 

demonstrating autophagy helps cells to survive under stress, and 

other reports indicating that autophagy ends in apoptosis in the 

absence of cell recovery. Zhang et al.90 found that apigenin could 

induce both apoptosis and autophagy, while inhibition of 
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autophagy with the small molecule inhibitor 3-MA reduced cell 

death, indicating that apigenin was associated with autophagic 

cell death in BCPAP cells. Ruela-de-Sousa and et al.86 investigated 

the molecular mode of action of apigenin and found that api-

genin-induced autophagy was not followed by apoptosis in TF1 

leukemia cells. When cells were exposed to a combination of 

apigenin and vincristine, a member of the vinca alkaloids family 

of chemotherapeutics, they became desensitized to vincris-

tine-induced cell death. The influence of autophagy acquired by 

apigenin on cell death, particularly in the above mentioned cases, 

may be too complicated to explain currently, however, it may 

indicate that cytoprotective autophagy, as a decision-maker, may 

locate at the center of alternative courses of death or life of cancer 

cell fate.

Most of the recent studies have investigated autophagy 

induction by apigenin; however, only one study has considered 

the inhibitory property of apigenin on autophagy. Mohan et al.97 

observed that apigenin suppressed starvation-induced autophagy 

in human malignant neuroblastoma cells. A combination of 

apigenin and the synthetic retinoid N-(4-hydroxyphenyl) reti-

namide (4-HPR) synergistically reduced residual cell viability in 

the serum-starved neuroblastoma cells. While serum starvation 

increased the expression of LC3II in neuroblastoma SH-SY5Y 

cells, combination treatment effectively downregulated autophagy 

promoting proteins, including Beclin-1, LC3 II, Toll-like 

receptor-4, and myeloid differentiation primary response 88, and 

activated the inhibitory autophagy signaling pathway 

p-Akt/mTOR. It was concluded the combination of 4-HPR and 

apigenin worked synergistically to suppress autophagy and 

promote apoptosis in human neuroblastoma cells. 

CONCLUSIONS

Here, we have discussed the beneficial roles of apigenin in the 

prevention and treatment of cancer through the induction of 

apoptosis and autophagy. Evidence from both in vitro and in vivo 

studies suggests that apigenin can trigger apoptosis and/or 

autophagy, which play pivotal roles in promotion and 

suppression of carcinogenesis. However, further in-depth inve-

stigations are needed to completely understand the mechanism 

of action and chemopreventive/therapeutic potential against 

human cancers. Interestingly, apigenin has been found to be 

bioavailable following oral administration in rats and mice, 

although no data are available for its pharmacokinetic and 

pharmacodynamic profiles in humans. The body of evidence 

concerning apigenin is fascinating and deserves greater atten-

tion. As chemoprevention aims to stop the carcinogenic process 

or to prolong the onset of carcinogenesis by intervention with 

efficacious, non-toxic, and inexpensive agents to prevent, suppress, 

or reverse the malignant transformation, apigenin is one such 

agent that may satisfy most of these requirements. However, 

further information is required before apigenin can be brought to 

clinical trials, including data concerning the bioavailability and 

safety profile in human. Overall, the findings reported in the 

literature suggest that apigenin offers great potential for further 

investigation and development as a cancer chemopreventive 

and/or therapeutic agent. 
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