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Abstract

Cancer remains a major public health concern and a significant cause of death worldwide.
Identification of bioactive molecules that have the potential to inhibit carcinogenesis continues to
garner interest among the scientific community. In particular, flavonoids from dietary sources are
the most sought after because of their safety, cost-effectiveness, and feasibility of oral
administration. Emerging data have provided newer insights into understanding the molecular
mechanisms that are essential to identify novel mechanism-based strategies for cancer prevention
and treatment. Dietary flavonoid fisetin (3,3",4",7-tetrahydroxyflavone) found in many fruits and
vegetables has been shown in preclinical studies to inhibit cancer growth through alteration of cell
cycle, inducing apoptosis, angiogenesis, invasion, and metastasis without causing any toxicity to
normal cells. Although data from in-vitro and in-vivo studies look convincing, well-designed
clinical trials in humans are needed to conclusively determine the efficacy across various cancers.
This review highlights the chemopreventive and therapeutic effects, molecular targets, and
mechanisms that contribute to the observed anticancer activity of fisetin against various cancers.
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1 Introduction

Cancer remains as one of the leading causes of death worldwide [1]. It is a major public
health concern with about 1 658370 new cases expected to be diagnosed in 2015 [2].
Oncogenesis is a multistep process in which a normal cell acquires alteration at the cellular,
genetic, and epigenetic level to progressively transform into a cancer cell. These
transformations progress to hyperproliferation, unlimited replication potential, evading
apoptosis, sustained angiogenesis, invasive potential, and metastasis [3]. Despite advances in
diagnostic and therapeutic approaches over the years, cancer continues to be a formidable
challenge [1]. This is largely because of the growing urbanization as well as cancer-
associated lifestyle choices including unhealthy dietary habits. Among all cancers, lung
cancer remains as the leading cause of deaths among men and women followed by prostate
cancer (PCa) in men and breast cancer in women [4]. Mono-targeted therapies are currently
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available but can induce toxicity and side effects due to a specific single target. Other
limitations of targeted therapies include ineffective targeting, resistance, and ever increasing
cost of treatment [5, 6]. As cancer is a multifactor disease, it may require prevention/
treatment approaches with compounds that are able to target multiple biochemical and
molecular pathways. This appears to be the most practical method to decrease the disease
incidence and burden [5, 7]. Cancer chemoprevention, a rapidly evolving field of preventive
oncology, focusses on the use of synthetic, pharmaceutical, and/or natural agents to entirely
inhibit, retard, or reverse the process of carcinogenesis [8]. Few of the many advantages of
using natural agents for chemoprevention comprise of safety, efficacy, ease of availability,
affordability, potential to overcome resistance to other traditional therapies, and anticancer
drugs [7]. Fisetin is one such agent with a potential to target multiple signaling pathways in
cancer cells without presenting any toxicity to normal cells.

and cancer

Chemoprevention is an emerging, appealing, and an innovative strategy for the management
of cancer. While fruits and vegetables are an abundant source of many cofactors, vitamins,
minerals, the phytochemicals constituents known as flavonoids have special ability to target
several key cellular events involved in the development of cancer [9, 10]. Flavonoids are the
most abundant polyphenols consumed in human diet and are classified into flavonols,
flavones, isoflavones, anthocyanidins, theaflavins, and thearubigins. Several studies have
demonstrated that flavonoids possess anti-oxidant, anti-inflammatory, and chemopreventive
properties. The compound 3, 7, 3”, 4’ -tetrahydroxyflavone is a natural flavone commonly
referred to fisetin. The chemical structure and basic properties of fisetin are shown in Fig. 1.
Major fisetin containing food sources include strawberries, apples, persimmons, grapes,
onions, and cucumbers [11] as shown in Table 1. Fisetin affects multiple molecular and
signaling pathways depending on the cancer type as shown in Fig. 2. Among all the multiple
biological effects fisetin possesses, its anticancer potential has been recently explored
making it a promising agent for cancer prevention and therapy. This review summarizes the
cellular effects of fisetin in an attempt to elucidate its preventive and therapeutic potential
against various cancers.

and lung cancer

Lung cancer is the leading cause of cancer-related deaths in the United States. It accounts for
13% of all cancers diagnosed and 27% of all cancer-related deaths [1, 2]. An important
obstacle to non-small cell (NSC) lung cancer chemotherapy is the development of resistance
to a widely used chemotherapeutic drug cisplatin. Fisetin has shown antiproliferative,
apoptotic, and antiangiogenic properties in lung cancer cells[12]. Fisetin was reported to
reverse the acquired cisplatin-resistance in A549-CR lung cancer cells. Fisetin (40 pM) in
combination with cisplatin (10 uM) showed intense suppression of cell viability and
induction of apoptosis as compared to cells treated with fisetin and cisplatin alone, possibly
via inactivating MAPK pathways as well as suppressing Survivin expression [13]. Fisetin
was shown to induce apoptosis in NSC lung cancer via mitochondrial-mediated pathways.
Fisetin induced DNA fragmentation, ROS generation, and apoptosis in NCI-H460 cells via a
reduction in Bcl-2 and increase in Bax expression. Fisetin treatment increased cleavage of
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caspase-9 and caspase-3 thereby increasing caspase-3 activation [14]. Similarly, fisetin
supplementation alleviated mitochondrial dysfunction and induced apoptosis by the
upregulation of Bax/Bcl-2 ratio, thereby leading to cytochrome-c release and activation of
caspase-9, caspase-3 leading to apoptotic cell death during benzo(a)pyrene (B(a)P)-induced
lung cancer in vivo [15]. Fisetin (25 mg/kg body weight) decreased histological lesions and
levels of lipid peroxidation and modulated the enzymatic and nonenzymatic anti-oxidants in
B(a)P-treated Swiss Albino mice [16]. We observed that fisetin treatment (5-20 uM) inhibits
cell growth and colony formation in A549 NSC lung cancer cells. Fisetin activated tumor
suppressor PTEN and negatively regulated protein synthesis by phosphorylation of AMPKa.
Fisetin also inhibited PI3K/Akt/mTOR signaling pathway in NSC lung cancer cells.
Inhibitors of this pathway have entered preclinical and clinical trials and suggest fisetin as a
promising candidate drug for therapeutic intervention in lung cancer [17]. Fisetin in
combination with CPA was shown to inhibit angiogenesis using a Matrigel plug assay.
Combination of fisetin (223 mg/kg) with CPA (30 mg/kg) produced a marked inhibition of
tumor growth (92%) in LLC-bearing mice as compared to animals treated with fisetin or
CPA alone. This study provided the first evidence that fisetin exhibits antiangiogenic and
anticancer activities in mice bearing LLC [18]. Another study showed that fisetin inhibits
adhesion, migration, and invasion in A549 lung cancer cells by downregulating uPA,
ERK1/2, and MMP-2. Treatment with fisetin also decreased the nuclear levels of NF-kB, c-
Fos, c-Jun, and AP-1 and inhibited NF-kB binding. Taken together, fisetin demonstrated
promising results against lung cancer both in-vitro and in-vivo.

and prostate cancer

Prostate cancer (PCa) is the most frequently diagnosed cancer in men with an estimated 220
800 new cases. It is the second-leading cause of cancer deaths in men with 27540 deaths in
2015 in the US alone [1, 2]. Treatment and prevention of PCa with fisetin is an active area of
research. Cell culture studies show that fisetin exerts anti-proliferative effect on human PCa
cells. Our laboratory has previously shown that treatment of LNCaP cells with fisetin caused
inhibition of PCa by G1-phase cell cycle arrest, modulating CKI-cyclin-CDK network and
induction of apoptosis [19]. Fisetin induced apoptosis and cell cycle arrest in LNCap cells,
and inhibited androgen signaling and tumor growth in athymic nude mice implanted with
androgen receptor-positive 22R V1 cells [20]. Fisetin suppressed cell proliferation by
hypophosphorylation of 4E-binding protein-1 and induced autophagic cell death in PCa cells
through suppression of mMTORC1 and mTORC2. Fisetin acts as a dual inhibitor of
MTORC1/C2 and activated the mTOR repressor TSC2, commonly associated with inhibition
of Akt and activation of AMPK [21]. TRAIL plays an important role in the defense against
tumor cells. Fisetin sensitized TRAIL-resistant androgen-dependent LNCaP and the
androgen-independent DU145 and PC3 PCa cells to TRAIL-induced death [22].
Additionally, in androgen-independent PCa cell lines the cytotoxic and apoptotic effects of
TRAIL in combination with fisetin are lowest compared to androgen dependent LNCaP
cells. Inhibition of NF-kB activation by fisetin in LNCaP cells augmented the apoptotic
effect of TRAIL. These findings confirm that the downregulation of NF-kB sensitizes PCa
cells to TRAIL in-vitro [22]. We recently reported that fisetin inhibits YB-1, an important
transcription factor that promotes EMT in PCa. YB-1 is over-expressed in PCa whereas E-
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cadherin, a marker for EMT is downregulated. During PCa progression, forced YB1
expression induced a mesenchymal phenotype both in-vitro and in-vivo. Fisetin binds to the
cold shock domain of YB-1 protein and was reported as an inhibitor of YB1
phosphorylation and MTA-1 expression. Fisetin also inhibits EGF and TGF-p induced YB-1
phosphorylation and EMT in PCa cells [23]. TMFol, a structural analogue of fisetin and
quercetin exhibited chemopreventive efficacy superior to fisetin alone both in-vitro and in-
vivo. TMFol inhibited cell growth in 22Rv1, TRAMP C2, PC-3, and LNCaP cells. It also
slowed tumor development in nude mice bearing TRAMP C2 and 22R V1 cells [24].
Recently, we showed that fisetin binds to B-tubulin and disrupts microtubule dynamics in
PCa cells by enhancing tubulin polymerization. Fisetin was able to arrest cells in G2/M
phase, inhibits cell proliferation, invasion, migration, cell viability, colony formation, and
decrease the P-gp protein in multidrug resistant NCI/ADR-RES cells. These invitro results
establish fisetin as a microtubule targeting agent and shows potential to be developed as an
adjuvant with microtubule targeting based therapies [25]. Collectively, all these studies
provide ample evidence that fisetin by targeting multiple pathways could be developed as an
effective agent against PCa.

and melanoma/skin cancer

Melanoma is the deadliest form of skin cancer due to its high likelihood of producing
metastasis. With an estimated 73 870 new cases, melanoma will account for an estimated 13
340 skin cancer deaths in 2015 alone making it an important area for research [1, 2]. We
reported for the first time that fisetin has the potential to inhibit human melanoma by
disrupting the Wnt/B-catenin/Mitf signaling. In-vitro studies showed that the decrease in p-
catenin levels, induction of B-TrCP, and a reduction of Mitf mMRNA and protein levels are
possible mechanisms for fisetin-mediated suppression of Wnt signaling in 451Lu human
melanoma cells. Interestingly, the in-vitro effects were reflected in in-vivo studies which
showed that fisetin significantly inhibited tumor growth in 451Lu melanoma xenografts that
was associated with decreased Mitf levels [26]. Another study showed that a 4’ MF, a mono-
methyl analogue of fisetin is a potent inhibitor of SIK2 and strongly induced melanogenesis
in B16F10 melanoma cells. By modulating SIK2 signaling with 4" MF, the authors reported
CREB-mediated transcription via TORC1 activation in-vivo [27]. A nonmelanoma skin
cancer study revealed that fisetin inhibited growth and induced apoptosis via increase in
Bax, Bak, and Bad protein expressions in A431 cells. Fisetin treatment also resulted in Go/M
arrest, modulation in Bcl-2 family proteins (Bcl-2, Bcl-xL, and Mcl-1), disruption of
mitochondrial potential, and activation of caspases and cleavage of PARP [28]. Another
group investigated the photochemopreventive effect of fisetin for the management of UVB-
induced skin malignancies in SKH-1 mouse model of skin cancer. Their findings revealed
that topical application of fisetin (250 and 500 nmol) to SKH-1 hairless mice skin after UVB
exposure results in significant decrease in leukocyte infiltration, inflammatory markers
(MPO, COX2, and PGEj), cytokines (TNF-a, IL-1pB, and IL-6) and proliferation markers
(PCNA and cyclin D1). Fisetin also inhibited the PI3K/AKT/NFkB signaling which is
associated with UVB-induced inflammation, cell survival, and proliferation. Fisetin was
found to cause no damage to the mouse skin and increased protein expression of p53 and
p21 after UVB treatment [29]. The MAPK (BRAF-MEK-ERK) pathway is a key regulator
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of melanoma cell invasion and potential targets for melanoma treatment and prevention.
Fisetin treatment (5-20 uM) resulted in inhibition of cell invasion in A375, SK-MEL-28,
RPMI-7951, SKMEL-119, and Hs294T melanoma cells. BRAF mutated cells were found to
be more sensitive due to a decrease in phosphorylation of MEK1/2 and ERK1/2. Fisetin
inhibited the activation of IKK leading to a reduction in the activation of the NF-kB
signaling pathway. Fisetin also stimulated melanoma cell phenotype transition from
mesenchymal to epithelial as observed by decrease in mesenchymal markers (N-cadherin,
vimentin, snail, fibronectin) and increase in epithelial markers (E-cadherin and desmoglein)
[30]. We showed that fisetin inhibits A375 human melanoma cell growth in monolayer and
3D cultures. Fisetin inhibited melanoma progression in a 3D melanoma skin model with
downregulation of mTOR, Akt, and upregulation of TSC. Fisetin inhibited A375 and 451Lu
melanoma cell proliferation by binding to p70s6K with higher affinity than mTOR [30]. A
combinational treatment study of melatonin and fisetin demonstrated enhanced antitumor
activity of fisetin. The combination significantly led to inhibition of melanoma cell viability,
migration, colony formation, and induced greater apoptosis when compared to fisetin alone.
These effects were associated with activation of cytochrome-c/caspase-dependent apoptosis
and inhibition of p300/NF-kB-mediated COX-2 and iNOS expression [31]. We showed
involvement of ER stress and activation of extrinsic and intrinsic apoptotic pathways with
fisetin in human melanoma. Fisetin inhibited ROS and augmented NO generation in A375
melanoma cells. Fisetin (20-80 uM) mediated apoptosis was accompanied with transient
autophagy and induction of ER stress evidenced by increased IREla, XBP1s, ATF4, and
GRP78 levels in A375 and 451Lu cells. Silencing of AMPK failed to prevent cell death
indicating that fisetin-induced cytotoxicity is mediated through both AMPK-dependent and -
independent mechanisms [32]. Recently, another combinatorial approach of using fisetin
with sorafenib (RAF inhibitor) demonstrated inhibition of melanoma cell proliferation,
induction of apoptosis and inhibition of tumor growth in athymic nude mice implanted with
BRAF-mutated melanoma cells. The combination treatment resulted in enhanced apoptosis,
cleavage of caspase-3 and PARP, expression of Bax and Bak, inhibition of Bcl-2 and Mcl-1,
and inhibition of expression of PI3K, phosphorylation of MEK1/2, ERK1/2, AKT, and
mTOR. Fisetin treatment resulted in greater reduction of tumor growth and inhibition of the
MAPK/PI3K pathways in A375 and SK-MEL-28 cell xenografts when compared to fisetin
and sorafenib alone suggesting combination therapy to be more effective than monotherapy
[33]. A follow-up study showed that combination of fisetin with sorafenib effectively
inhibited EMT and augmented the anti-metastatic potential of sorafenib by reducing MMP-2
and MMP-9 proteins in melanoma cell xenografts [34]. Collectively these studies reflect the
potential of fisetin alone as well as in combination with other established agents for
management of melanoma.

and colorectal cancer

Colorectal cancer is the third most common cancer in both men and women. With an
estimated 93 090 cases of colon cancer and 39 610 cases of rectal cancer expected to be
diagnosed, 49 700 deaths from colorectal cancer are expected to occur in 2015 [1, 2]. A
comparative study of various flavonoids was performed showing their efficacy on
proliferation, cytotoxicity, and apoptosis in Caco-2 and HT-29 human colon cancer cells
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[35]. Fisetin (0-60 uM) was shown to inhibit activity of CDKs dose-dependently leading to
cell cycle arrest in HT-29 human colon cancer cells. Fisetin inhibited both cell growth and
DNA synthesis at 72 h, cell cycle progression at 8 h, and G2/M phase arrest after 24 h.
Fisetin treatment decreased activities of CDK2 and CDK4 via decreased levels of cyclin-E,
cyclin-D1 and increase in p21 (CIP1/WAF1) levels. This study indicated that inhibition of
cell cycle progression in HT-29 cells with fisetin treatment can be explained by modification
of CDK activities [36]. Another follow-up study attempted to characterize the actual
mechanism of fisetin mediated apoptosis in HCT-116 colon cancer cells. Fisetin (5-20 uM)
induced DNA condensation, cleavage of PARP and activation of caspase-9, =7, and =3 in
HCT-116 cells. Anti-apoptotic proteins Bcl-xL and Bcl-2 were downregulated whereas pro-
apoptotic proteins Bak and Bim were upregulated that induced the mitochondrial
translocation of Bax. Fisetin increased p53 protein levels, and the inhibition of p53
expression by small interference RNA resulted in a decrease in the fisetin-induced
translocation of Bax to the mitochondria, release of monoand oligonucleosome in the
cytoplasm, and PARP cleavage. This study provided a molecular basis for using fisetin as an
apoptosis stimulatory agent via activation of caspases and induction of p53 resulting in
translocation of Bax to mitochondria [37]. Overexpression of COX-2 and Wnt signaling has
been known to play roles in colorectal cancer. We reported that fisetin (30-120 uM) induces
apoptosis in colon cancer cells by inhibiting COX-2 and Wnt/EGFR/NF-kB -signaling
pathways. Fisetin induced apoptosis and downregulation of COX-2 protein expression
without affecting COX-1 and inhibited the secretion of prostaglandin E2 in HT-29 and
HCT116 colon cancer cells. Fisetin treatment inhibited Wnt/EGFR/NF-kB signaling via
downregulation of B-catenin, TCF-4, cyclin D1, and MMP-7 suggesting its promising role in
colon cancer prevention [38]. In another study fisetin treatment was found to radiosensitize
human colorectal cancer cells which are resistant to radiotherapy. Pre-treatment of p53-
mutant HT-29 cells with fisetin enhanced the radiosensitivity by causing accumulation of
cells in the radiosensitive G2/M phase, suppressing cellular DNA repair capacity, thereby
increasing radiation-induced double-strand breaks. Fisetin pre-treatment augmented
radiation-induced pro-apoptotic p38 MAPK activation and ultimate shut down of pro-
survival signals [39]. A recent combinatorial study showed that 10-20 uM NAC enhances
fisetin-mediated apoptosis in COLO25 colon cancer cells when compared to fisetin
treatment alone. Combined treatment of fisetin with NAC increased cleaved caspase-3,
PARP, reduced mitochondrial membrane potential with induction of caspase-9 in COLO25
cells. NAC sensitization to fisetin-induced apoptosis was also identified in various other
cells like HCT-116, HT-29, and HCT-15 suggesting a novel strategy to treat colon cancer
[40]. Fisetin is poorly soluble in water and it is difficult for intravenous administration. To
address this issue, a novel approach was adapted by preparing nanoassemblies of polymeric
micelles which can encapsulate fisetin leading to improved therapeutic effect in colon
cancer. The polymeric micelle encapsulation demonstrated a sustained and prolonged in-
vitro release, enhanced cytotoxicity, cellular uptake, and apoptosis. Fisetin micelles were
also shown to exhibit increased tumor apoptosis, suppress proliferation, and anti-
angiogenesis activities[41]. Taken together, fisetin demonstrated promising results against
colon cancer.
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and bladder cancer

With an estimated 74 000 new cases and 16 000 deaths alone in 2015, bladder cancer
remains as a concern. Bladder cancer incidence is about four times higher in men than in
women and almost two times higher in white men than in black men [1, 2]. A recent study
reported that fisetin induced apoptosis in human bladder cancer via upregulation of p53 and
down-regulation of NF-kB activity, causing a change in the ratio of pro- and anti-apoptotic
proteins. Results from this study revealed that fisetin inhibits the proliferation of T24 and EJ
cells by inducing apoptosis and blocking cell cycle progression in the GO/G1 phase by
significantly increasing p53, p21 proteins, and decreasing the protein levels of cyclinD1,
cyclinA, CDK4, and CDK2. This in-vitro study showed that activation of p53 and inhibition
of the NF-kB play important roles in the fisetin-induced apoptosis in bladder cancer cells
[42]. A follow-up in-vivo study using a rat bladder cancer model induced by MNU
suggested that p53 activation and NF-kB inhibition play important roles in the fisetin-
induced apoptosis in bladder cancer. Furthermore, fisetin inhibited tumor growth and bladder
carcinogenesis in MNU-initiated rats without any toxicity [43]. These findings identify the
in-vivo chemo-preventive efficacy of fisetin and suggest that fisetin could be developed as an
effective chemopreventive agent against bladder cancer.

and breast cancer

With an estimated 231 840 new diagnoses and 40 730 deaths, breast cancer ranks as the
second cause of cancer deaths in women after lung cancer [1, 2]. A study published in 2012
extensively investigated the cytotoxicity and apoptotic effects induced by fisetin in MCF-7
and MDA-MB-231 breast cancer cells. Fisetin was found to exhibit anticancer activity in
caspase-3 deficient MCF-7 cells. Additionally, in MCF-7 cells, fisetin induced a novel form
of atypical apoptosis and triggered plasma membrane rupture, mitochondrial depolarization,
activation of caspase-7, —8, and -9, and PARP cleavage. These atypical features of apoptosis
were due to caspase-3 deficiency in MCF-7 cells. Furthermore, fisetin inhibited autophagy
which promoted cell death in MCF-7 cells [44]. These few preliminary studies suggest that
bioactive actions of fisetin hold promise against breast cancer.

and leukemia

A limited number of studies have examined the potential of fisetin against leukemia.
Leukemia is a cancer of the bone marrow and blood and is classified into four main groups
according to cell type and rate of growth: acute lymphocytic (ALL), chronic lymphocytic
(CLL), acute myeloid (AML), and chronic myeloid (CML). With an estimated 54 270 new
cases and 24 450 deaths, leukemia still remains a health concern [1, 2]. A study involving
seven structurally related flavonoids was conducted to evaluate their biological activities on
human leukemia cell line HL-60. Among all flavonoids, fisetin showed the most cytotoxic
effects and a combination of wogonin and fisetin being the most-potent apoptosis inducers.
The combination caused rapid and transient induction of caspase-3/CPP32, cleavage of
PARP, and decrease in anti-apoptotic protein Mcl-1. However, the combination treatment did
not have any effect on Bcl-2, Bcl-xL, and Bad. ROS production was decreased in apoptosis
induced by the combination treatment along with enhanced Ca(2+)-dependent endonuclease
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activity. This study showed an interesting correlation between antioxidant activities of fisetin
combined with wogonin towards flavonoids-induced apoptosis [45]. DNA topoisomerases
(topo) are the target of several drugs commonly used in cancer chemotherapy. These drugs
induce topo-DNA complexes with either topo | or topo 11 that eventually trigger cell death
[46]. An increased risk for developing leukemia has been observed in patients treated with
some topo Il inhibitors. Effect of many flavonoids including fisetin was evaluated on topo |
and topo Il in K562 human leukemia cells at various concentrations and exposure times.
Fisetin induced neither topo I- nor topo 1I-DNA complexes, but behaved as a catalytic
inhibitor of both enzymes. These results suggest that fisetin acts as an inhibitor of DNA
topoisomerases | and 11 in leukemia cells [46]. Recently, a combination effect of fisetin and
hesperetin was reported elucidating their role and mechanism(s) of action in human HL-60
acute promyelocytic leukemia cells. Fisetin and hesperetin induced apoptosis along with
inhibited cell proliferation, induced G2/M arrest, disrupted the mitochondrial potential, and
increased caspase-3 activity. Microarray gene profiling of treated cells revealed some
important biological pathways including MAPK, DNA binding signaling pathways and
genes involved in cell proliferation, division, and apoptosis [47]. Another similar study
demonstrated the effect of fisetin and hesperetin combination on human K562 CML cells.
Combination treatment significantly modulated genes involved in cell proliferation, cell
division, apoptosis, cell cycle, and various other cellular processes such as replication,
transcription, and translation. Microarray gene profiling analysis revealed genes involved in
JAK/STAT pathway, KIT receptor, and growth hormone receptor signaling to be potential
candidates of fisetin-hesperetin combination for targeted CML therapy [47].

10 Fisetin and cervical cancer

With an estimated 12 900 new cases and 4100 deaths, cervical cancer is currently one of the
leading causes of mortality in women [1, 2, 48]. A preliminary study reported that fisetin
induced apoptosis in human cervical cancer HeLa cell via activation of caspase-3, -8, and
cleavage of PARP. Additionally, fisetin treatment induced a sustained activation of pERK1/2.
Inhibitor of ERK1/2 or transfection with mutant ERK1/2 expression vector reversed the
fisetin induced apoptosis. This study showed that apoptosis induction by fisetin in HeLa
cells is via ERK1/3-mediated activation of caspase-3/caspase-8 dependent pathway. In-vivo
tumor xenograft experiments in mice revealed that fisetin significantly reduced tumor
growth [49]. Another study reported that fisetin inhibits migration and invasion of SiHa and
CaSki human cervical cancer cells. This study provided strong evidence for the molecular
mechanism of fisetin in inhibiting aggressive phenotypes by downregulating uPA gene
expression via interrupting the p38 MAPK-dependent NF-kB signaling pathway [50]. A
novel combination approach of fisetin with sorafenib on human cervical cancer cell lines
showed significant antitumor effect both in-vitro and in-vivo. The combination treatment
induced apoptosis in HeLa and SiDR5-treated Hel a cells via caspase-3 and —8 activation
and was accompanied by marked loss of mitochondrial potential. In addition, animal studies
using a HeL a xenograft model demonstrated that combined fisetin and sorafenib treatment
was clearly superior to sorafenib treatment alone. This combined fisetin and sorafenib
treatment approach reveals a novel therapeutic strategy for future clinical development in
advanced cervical cancer [51].
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11 Future prospects and conclusion

Cancer is a heterogeneous disease that uses multiple signaling pathways to survive and
continues to be one of the leading causes of death. Single-agent-targeted therapies have
rarely cured patients with cancer. To effectively halt tumor development and progression, a
drug that can target multiple deregulated proteins and pathways would be ideal. Dietary
flavonoid fisetin has shown tremendous potential in preclinical settings to target multiple
deregulated proteins, signaling pathways, and regulates wide variety of cell functions against
various cancers. Fisetin disrupts Wnt signaling and results in cell cycle arrest. It inhibits the
YB-1 binding protein to suppress epithelial to mesenchymal transition and thus prevents
invasion and migration of cancer cells. By physically interacting with the mTOR molecule,
fisetin inhibits signaling involved in cell survival thus explaining its inhibitory effect on
cellular growth and proliferation. Fisetin binds to and disrupts micro-tubule dynamics and
acts as a stabilizing agent with effects far superior to paclitaxel. To put the chemopreventive
potential of fisetin to clinical use, well-designed clinical trial interventions at right doses (as
shown in Table 2) in right population are required, which actually mirror the animal
modeling data from which they were derived. Before actual clinical trials are conducted it is
important that toxicological profile of fisetin is comprehensively investigated. Unfortunately,
no toxicity data on fisetin currently exists to justify its potential use in humans. Also, the
pharmacokinetic and bioavailability issues have to be studied in detail before phase 1 and 11
trials are initiated.

The debate on cancer chemoprevention attracts a lot of attention with dietary components
showing promise in pre-clinical setting but lack of effect when used in clinical trials. Several
critiques downgrade the importance phytochemicals based on their multiple biological
effects, targets, and signaling pathways. However, we strongly feel that there is a lot of
potential for cancer chemoprevention provided that if modeled in the right way, it can offer
an effective alternate strategy for the management of cancer, especially for high-risk
individuals [52]. Development of drug resistance is one of the most prominent limitations in
the development of targeted therapies. A combination of targeted therapies with more
traditional therapies could be a potential key to the problem of resistance. However, in
overcoming drug resistance issues related to toxicity and high treatment cost remains an
impediment in the development of FDA-approved anticancer drugs. There is enough strong
preclinical evidence that fisetin shows tremendous promise as an anticancer agent and
warrants clinical trials either to be administered alone or in combination with available
anticancer drugs.
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AP
ATF
Bax
Bad
Bcl
B-TrCP
CDK
COX
CKI
CPA
CREB
EGF
EMT
ER
ERK
IKK
iNOS
IRE1
JAK
Kit
LLC
4’MF
MAPK
MCL-1
Mitf
MNU
MMP
MTA

mTOR

activator protein

activating transcription factor
Bcl-2-associated X Protein
Bcl-2-associated death promoter

B-cell lymphoma

F-box/WD repeat-containing protein
cyclin dependent kinase
cyclooxygenase

CDK inhibitor

cyclophosphamide

CAMP response element-binding protein
epidermal growth factor
epithelial-to-mesenchymal transition
endoplasmic reticulum

extracellular signal-regulated kinase
IkappaBalpha

inducible nitric oxide synthase
serine/threonine-protein kinase/endoribonuclease
janus kinase

tyrosine-protein kinase

lewis lung carcinoma
4’-0O-methylfisetin

mitogen-activated protein kinases
myeloid cell leukemia 1
microphthalmia-associated transcription factor
N-Nitroso-N-methylurea

matrix metalloproteinase
metastasis-associated protein

mechanistic target of rapamycin
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NAC N-acetyl-L-cysteine

NSC non-small cell

NF-kB nuclear factor kappa-light-chain-enhancer of activated B cells
PARP poly ADP ribose polymerase

PI3K Phosphoinositide 3-kinase

ROS reactive oxygen species

SIK salt inducible kinase

STAT signal transducer and activator of transcription
TGF Transforming growth factor

TOPO DNA topoisomerase

TRAIL TNF-related apoptosis-inducing ligand

TSC tuberous sclerosis

TMFol 3,4’ 5’ -trimethoxyflavonol

uPA irinary plasminogen activator

XBP-1 X-box binding protein 1

YB1 Y box binding protein 1
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A CAS Number 528-48-3
OH Molecular C15H100s
Structure
OH
Molecular Mass 286.24 g/mol
Melting Point 330°C (626°F; 603°K)
HO (o)
Aqueous Insoluble
Solubility
Solubility + 0.5mg/ml in DMSO:PBS
OH (1:1; pH 7.2)
+  5mg/ml in ethanol
o +  30mg/ml in DMSO & DMF

Figure 1.

Structure and basic properties of fisetin. (A) The chemical structure of fisetin (3, 7, 3", 4’-
tetrahydroxyflavone). (B) Major physical and chemical properties of fisetin.
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Figure 2.
Molecular targets of fisetin in various cancers. Fisetin interacts with multiple cellular targets

by binding to and interacting with several molecular targets fisetin regulates a wide variety
of cell functions. Fisetin disrupts Wnt signaling and results in cell cycle arrest. It inhibits the
YB-1 binding protein to suppress epithelial to mesenchymal transition and thus prevents
invasion and migration of cancer cells. By physically interacting with the mTOR molecule,
fisetin inhibits signaling involved in cell survival thus explaining its inhibitory effect on
cellular growth and proliferation. Fisetin binds to and disrupts microtubule dynamics and
acts as a stabilizing agent with effects far superior to paclitaxel. However across all cancers,
mTOR and NF-kB appear to be the most commonly affected pathways.
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Table 1.

Dietary sources of fisetin

Dietary food sources

Fisetin concentration (ug/g)

Strawberry
Apple
Persimmon
Lotus root
Onion
Grape
Kiwi
Peach
Cucumber

Tomato

160
26.9
10.6
5.8
4.8
3.9
2.0
0.6
0.1
0.1
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The concentration of fisetin (dry weight basis) was measured in freeze-dried vegetables and fruits after acid hydrolysis of the parent glycosides.
Adapted from Kimira et al. [53].
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