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Abstract
Non-melanoma skin cancers (NMSCs) one of the most common neoplasms causes serious
morbidity and mortality. Therefore, identification of non-toxic phytochemicals for prevention/
treatment of NMSCs is highly desirable. Fisetin (3,3′,4′,7-tetrahydroxyflavone), a dietary
flavonoid, present in fruits and vegetables possesses anti-oxidant and anti-proliferative properties.
The aim of this study was to investigate the chemotherapeutic potential of fisetin in cultured
human epidermoid carcinoma A431 cells. Treatment of A431 cells with fistein (5-80 μM) resulted
in a significant decrease in cell viability in a dose- and time-dependent manner. Employing
clonogenic assay, we found that fisetin treatment significantly reduced colony formation in A431
cells. Fisetin treatment of A431 cells resulted in G2/M arrest and induction of apoptosis.
Furthermore, treatment of A431 cells with fisetin resulted in (i) decreased expression of anti-
apoptotic proteins (Bcl2, Bcl-xL and Mcl-1), (ii) increased expression of pro-apoptotic proteins
(Bax, Bak and Bad), (iii) disruption of mitochondrial potential, (iv) release of cytchrome c and
Smac/DIABLO from mitochondria, (v) activation of caspases, and (vi) cleavage of PARP protein.
Pretreatment of A431 cells with the pan-caspase inhibitor (Z-VAD-FMK) blocked fisetin-induced
cleavage of caspases and PARP. Taken together, these data provide evidence that fisetin possesses
chemotherapeutic potential against human epidermoid carcinoma A431 cells. Overall, these
results suggest that fisetin could be developed as a novel therapeutic agent for the management of
NMSCs.
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Introduction
The non-melanoma skin cancers (NMSCs), comprising of the basal cell carcinomas (BCCs)
and squamous cell carcinomas (SCCs), are the most frequently diagnosed cutaneous
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malignancies. Studies have implicated that solar ultraviolet (UV) radiation is the major
etiological factor in the development of cutaneous malignancy, including the NMSCs (1-3).
The risk of skin malignancies is increasing with continuous increases in life expectancy,
changing dietary habits, lifestyle and particularly environment conditions. Induction of
apoptosis is considered as one of the possible mechanisms of inhibition of cancer
development, and many clinically chemopreventive/chemotherapeutic agents primarily act
by inducing apoptosis or blockade of the carcinogenic process (4-7). There has been a
considerable interest in the development of apoptosis inducing agents for treatment of skin
disorders, including NMSCs. Therefore, use of non-toxic dietary phytochemicals as
chemopreventive and/or chemotherapeutic agents due to their putative ability to suppress
cancers has drawn a great attention (8-10).

Fisetin, 3,7,3′,4′-tetrahydroxyflavone, (Fig. 1a) is a naturally occurring flavonoid
commonly found in various vegetables and fruits such as onion, cucumber, apple,
persimmon and strawberry (11). Fisetin appear to have no toxicity in mice and this is a
notable advantage over the selective drugs that are used for treatment of cancers because of
toxicity concerns (12,13). Studies on the absorption and metabolism of fisetin are reported in
experimental animals. These studies showed that fisetin was readily absorbed and its level
was detected in the serum of mice (14,15). Fisetin is known to exhibit a wide variety of
biological functions including anti-oxidant, anti-inflammatory and anti-proliferative
properties (13, 16-19). Fisetin induces apoptosis in colon cancer cells by inhibiting COX-2
and Wnt/EGFR/NF-κB signaling pathways (20). It also induces apoptosis in human cervical
cancer cells through activation of ERK1/2 signaling pathways (21). In addition, fisetin
showed growth inhibitory potential against lung cancer cells by inhibiting PI3K/Akt and
mTOR signaling (19). Recently, we have shown that fisetin inhibited human melanoma cell
growth by suppression of Wnt/β-catenin signaling and decreased Mitf levels (13). Therefore,
in an effort to develop an effective chemotherapeutic agent for NMSCs, we attempted to
examine the effects of fisetin on human epidermoid carcinoma cells. Here, we show that
fisetin inhibits growth, induces G2/M arrest and apoptosis of human epidermoid carcinoma
A431 cells by disruption of mitochondrial membrane potential and activation of caspases.
Our study also provides insight into the mechanism by which fisetin induces apoptosis in
these cells.

Materials and Methods
Materials

Fisetin, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazoliumbromide (MTT), propidium
iodide (PI) and rhodamine 123 were purchased from Sigma Chemical (St Louis, MO). The
antibodies for caspases (caspsase-3, -7 and -9), PARP, Bak, Bax, Bad, Bcl-2, BclxL, Mcl-1
and COX IV were obtained from Cell Signaling Technology (Danvers, MA). Cytochrome c
and Smac/DIABLO antibodies were obtained from Santa Cruz Biotechnology, Inc (Santa
Cruz, CA). Annexin V/Dead cell apoptosis detection kit was obtained from Life
Technologies (Grand Island, NY). Anti-mouse or anti-rabbit secondary antibody horseradish
peroxidase conjugate was obtained from Millipore (Temecula, CA). Protein assay kit was
obtained from Bio-Rad (Hercules, CA). HyBlot CL and autoradiography films were
obtained from Denville Scientific Inc (Metuchen, NJ).

Cell culture and treatment
Human epidermoid carcinoma A431 cells and human squamous carcinoma SCC-13 cells
were purchased from ATCC (Manassas, VA) and were cultured and maintained in DMEM
supplemented with 10% fetal bovine serum and 1% penicillin–streptomycin. Normal human
epidermal keratinocytes (NHEK) were obtained from Life Technologies and were
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maintained in keratinocyte-SFM supplemented medium. Fisetin [dissolved in dimethyl
sulfoxide (DMSO)] was used for the treatment of NHEK, A431 and SCC13 cells. The final
concentration of DMSO used was 0.1% (v/v) for each treatment. Control cells were treated
with equivalent volume of vehicle alone. The cells were maintained under standard cell
culture conditions at 37°C and 5% CO2 in a humid environment.

Cell viability
The effect of fisetin on the viability of cells was determined by 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazoliumbromide (MTT) assay. NHEK, A431 and SCC13 cells were
plated at 1 × 104 cells per well in 200 μl of complete culture medium containing 5–80 μM
concentrations of fisetin in 96-well microtiter plates for 24, 48 and 72 h. After incubation for
specified times at 37°C in a humidified incubator, 20 μl MTT solution (5 mg/ml in
phosphate-buffered saline) was added to each well and incubated for 4 h, after which the
plate was centrifuged at 2000 rpm for 10 min at 4°C. The supernatant was discarded and
formazan crystals were dissolved in 200 μl of DMSO and absorbance at the wavelength of
540 nm was recorded on a microplate reader. The effect of fisetin on growth inhibition was
assessed as percent cell viability where DMSO-treated cells were taken as 100% viable.
DMSO at the concentrations used has no effect on cell viability.

Clonogenic assay
For clonogenic assay, A431 cells were incubated with fisetin (5-40 μM) for 12 h. Following
fisetin treatment, cells were plated in 6 well culture plate at a density of 500 cells/well in
medium containing 10% FBS, and then kept in a humidified incubator at 37 °C and 5% CO2
for 2 weeks. Media was changed every fourth day. Colonies were fixed and stained with
0.05% crystal violet in 10% ethanol and counted.

DNA cell cycle analysis
A431 cells were treated with fisetin (5-40 μM) for 48 h, and with 20 μM fisetin for 24, 48
and 72 h. At different time-point after treatment cells were harvested and fixed in chilled
70% alcohol overnight, washed twice with PBS, digested with DNase free RNase (10 μg/
ml) at 37°C for 1 h and stained with PI (5 μg/ml) for 3 h at 4°C in the dark. Cells were
analyzed by FACS Calibur (Becton Dickinson) for cell cycle phase distribution.

Quantification of apoptosis
Apoptotic cells were determined by an Annexin V/Dead cell apoptosis detection kit obtained
from Life Technologies. A431 cells were treated with fisetin (5-40 μM) for 48 h, and with
20 μM fisetin for 24, 48 and 72 h. Thereafter, A431 cells (5 × 105 cells/ml) were harvested
by centrifugation at 1200 g for 5 min, washed twice with ice-cold PBS, pelleted and
resuspended in 400 μl of 1 X Annexin V binding buffer, 4 μl of Annexin V-Alexa Fluor
conjugate and 1 μl of PI buffer. The cells were then incubated at room temperature for 15
min in the dark and analyzed by Accuri C6 flow cytometry (Ann Arbor, MI).

Measurement of mitochondrial membrane potential
The change in mitochondrial transmembrane potential (ΔΨmt) as a result of mitochondrial
perturbation induced by fisetin treatment was measured after staining with rhodamine-123.
A431 cells were treated with fisetin (5-40 μM) for 48 h, and with 20 μM fisetin for 24, 48
and 72 h. Rhodamine-123 (5 μg/ml; stock, 1 mg/ml PBS) was added 1 h before termination
of the experiment. Cells were harvested, washed in PBS and centrifuged at 1200 g for 5 min
and suspended in PBS. Immediately before analysis, PI (5 μg/ml; stock 1 mg/ml PBS) was
added to the samples. The intensity of fluorescence from 10,000 events was analyzed in
FL-1 channel by Accuri C6 flow cytometry.
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Preparation of cell lysates, mitochondrial fractions and Western blot analysis
After treatment of cells with fisetin, the media was aspirated and the cells were washed with
PBS (10 mmol/l, pH 7.45). The cells were then incubated in ice cold lysis buffer (10 mM
HEPES (pH 7.9), 100 mM KCl, 10 mM EDTA, 20 mM EGTA, 100 mM DTT, 20 mM
PMSF, 0.5% NP-40 with freshly added protease inhibitors leupeptin, aprotinin and
benzamidine over ice for 20 min. The cells were scraped and the lysate was collected in a
microfuge tube and passed through a 21.5-G needle to break up the cell aggregates. The
lysate was cleared by centrifugation at 14,000 g for 10 min at 4°C, and the supernatant (total
cell lysate) collected, aliquoted and was used on the day of preparation or immediately
stored at –80°C for use at a later time. Mitochondrial lysates were prepared by isolating
mitochondria from cells treated with fisetin through differential and density gradient
centrifugation, and were lysed with lysis buffer. After centrifugation at 14,000 g for 10 min
at 4°C, supernatant was collected as mitochondrial lysate and stored at –80°C. For Western
blotting, 25–50 μg protein was resolved over 12% Tris-glycine gels and transferred onto a
PVDF membrane. The nonspecific sites on blots were blocked by incubating in blocking
buffer (5% nonfat dry milk/0.1% Tween 20 in Tris-Buffered Saline (TBS), pH 7.6) for 1 h at
room temperature, incubated with appropriate monoclonal primary antibody in blocking
buffer for overnight at 4°C, followed by incubation with anti-mouse or anti-rabbit secondary
antibody horse-radish peroxidase conjugate and detected by chemiluminescence and
autoradiography.

Statistical analysis
The results are expressed as the mean ± SE. Statistical analysis of all the data was performed
by Student's t-test. The P value <0.05 was considered statistically significant.

Results
Fisetin inhibits growth and colony formation of A431 cells

We first studied the inhibitory effect of fisetin on growth of A431 cells by employing MTT
assay. Cells were treated with different doses of fisetin (5-80 μM) for different time points
(24-72 h). Results of MTT assay showed that fisetin was effective in inhibiting the growth
of A431 cells in a dose- and time-dependent manner which ranged from 13-58% (P <
0.05-0.01) after 24 h, 18-65% (P < 0.05-0.001) after 48 h, and 18-69% (P <0.05-0.001) after
72 h of treatment (Fig. 1b). The IC50 was estimated to be 58, 50 and 41 μM at 24, 48 and 72
h respectively (Fig 1b). In addition, treatment of SCC13 with fisetin resulted in a significant
cell growth inhibition in a dose-and time dependent manner (data not shown). Furthermore,
we examined the effect of fisetin on the growth of NHEK under identical conditions. We
found that fisetin had minimal effect on the NHEK at these doses (data not shown). Because
the efficacy of therapeutic agents depends on its long term effect on cancer cells, we
therefore, examined the effect of fisetin on colony formation of A431 cells by employing
clonogenic assay. Fisetin treatment significantly decreased the number of colonies in a dose-
dependent manner when compared to untreated cells (Fig. 1c & d).

Fisetin induces G2/M arrest in A431 cells
Since fisetin treatment inhibited A431 cells growth and colony formation abilities, therefore
we next examined whether growth inhibitory effect of fisetin was mediated through cell
cycle arrest. For this purpose, the effect of fisetin on cell cycle progression in A431 cells
was determined by flow cytometer. Treatment of A431 cells with fisetin resulted in a
significant accumulation of cells in G2/M phase and a reduction in G1 phase of the cell cycle
(Fig. 1e, Fig. S1). A significant reduction in S phase cell population was observed at 40 μM
dose and when the cells were treated for 72 h with 20 μM fisetin.
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Fisetin induces apoptosis of A431 cells
To determine whether blockage of cells in G2/M phase by fisetin induces apoptosis of A431
cells flow cytometric analysis using annexin V/PI was performed. Fisetin (5-40 μM; 48 h)
treatment increased the percentage of early apoptotic cell population as shown by increase in
annexin V positive cells (8.2-19.2%) in dose-dependent manner when compared with 4.5%
early apoptotic cell population of untreated control cells (Fig. S2a). Likewise, an increase in
proportion of early apoptotic cells population was 11.0, 14.7 and 19.2% in cells exposed to
20 μM of fisetin for 24, 48 and 72 h respectively as compared to 5.5% of untreated A431
cells (Fig. S2b). Since early apoptotic events or cell death is followed by late apoptotic
events, we observed an increase in late apoptotic cells positively stained with both Annexin
V Alexa Fluor and PI in fisetin treated A431cells in a dose- and time-dependent manner.
Increase in PI stained post-apoptotic cell death was also observed in dose- and time-
dependent manner (Fig. S2). Results of Annexin V/PI staining clearly demonstrated that
fisetin induces cell death via inducing apoptosis in A431 cells.

Fisetin modulates Bcl2 family proteins in A431 cells
Induction of apoptosis is highly regulated process that involves activation of a series of
molecular events governed by Bcl2 family of proteins. Proteins form Bcl2 family can be
either pro-apoptotic or anti-apoptotic. Therefore, we determined the effect of fisetin on Bcl2
family proteins. Western blot analysis data demonstrated that fisetin treatment of A431 cells
resulted in an increased expression of pro-apoptotic proteins (such as Bax, Bak and Bad),
and a decreased expression of anti-apoptotic proteins (such as Bcl2, Bcl-xL and Mcl-1) in a
dose- and time-dependent manner (Fig. 2)

Fisetin disrupts mitochondrial membrane potential and causes release of cytochrome c
and Smac/DIABLO from mitochondria

Mitochondria play an essential role in activation and progression of apoptosis. To determine
whether fisetin treatment disrupts mitochondrial membrane potential, A431 cells were
treated with different doses of fisetin for different time points and stained with rhodamine
123 and analyzed for change in its fluoresence intensity using flow cytometry. A dose-
dependent decrease in rhodamine 123 flurescence intensity revealed that 8.8, 29.8, 39.0,
74.2 and 78.6% of A431 cell populations exhibited loss of mitochondrial membrane
potential after 48 h exposure with 5, 10, 20, 30 and 40μM fisetin respectively as compared
to 1.5% of the cell population in untreated A431 cells (Fig. S3a). Furthermore, a decrease in
rhodamine 123 flurescence intensities revealed that 23.6, 32.1% and 41.2% cell populations
exhibited loss of mitochondrial membrane potential when A431 cells were treated with
20μM fisetin for 24, 48 and 72 h respectively (Fig. S3b). Decrease in mitochondrial
membrane potential also resulted in dose- and time-dependent release of cytochrome c and
Smac/DIABLO from mitochondria (Fig. 3).

Fisetin induces cleavage of caspases and PARP in A431 cells
During apoptosis, release of cytochrome c and Smac/DIABLO induces proteolytic cleavage
of procaspases to generate active caspases. Next, we examined whether fisetin treatment
induced activation of caspases or cleavage of PARP, both of which are hallmarks of
apoptosis. Treatment of A431 cells with fisetin resulted in the cleavage of caspase-9, -7 and
-3 in a dose- and time-dependent manner as demonstrated by western blot analysis (Fig. 4a).
In addition, as shown in Fig. 4a, fisetin treatment of cells increased the cleavage of PARP
(116 kDa) into 85 kDa fragment.
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Inhibition of fisetin-mediated activation of caspases by pan-caspase inhibitor (Z-VAD-FMK)
in A431 cells

Activation of caspases is considered as a downstream event during apoptosis and blocking
caspases activity has been shown to eliminate almost all programmed cell death. To confirm
that the apoptosis induced by fisetin treatment is caspase-dependent, activation of caspases
was blocked in A431 cells by Z-VAD-FMK, a pan caspase inhibitor, prior to fisetin
treatment. Western blot analysis data and relative density analysis revealed that Z-VAD-
FMK blocked fisetin-induced cleavage of caspase-9, -7 and -3 and PARP (Fig. 4b & c)
confirming that the mechanism of fisetin-mediated cell death involves caspases as apoptosis
executioners.

Discussion
In the United States more than 1 million new cases of NMSCs are diagnosed annually,
which is approximately equivalent to the incidence of malignancies in all organs combined
(22). Therefore, there is a need to better understand the consequence of this disease and to
prevent and/or treat by mechanism based approaches. Phytochemicals have been shown to
have anti-carcinogenic properties due to their anti-proliferative, anti-inflammatory and anti-
oxidant properties (1-3,7,8,10). In the present investigation fisetin was explored for its
chemotherapeutic potential against human epidermoid carcinoma. Treatment of A431 cells
with fisetin resulted in cell growth inhibition without affecting the growth of NHEK under
identical conditions. The growth inhibitory potential of fisetin also restricted the colony
formation abilities of A431 cells (Fig. 1). These data suggest the chemotherapeutic potential
of fisetin against human epidermoid carcinoma cells.

It is well known that uncontrolled cellular growth, which may be a result of defects in cell
cycle and apoptotic machinery, is responsible for the development and growth of most of the
cancers, including NMSCs (23,24). Apoptosis is regarded as an ideal way of elimination of
cells with damaged DNA and is distinct from necrotic cell death (25). Therefore, inhibition
of unchecked cell cycle regulation and induction of apoptosis could be a potential strategy
for the management of NMSCs. In the present study, flow cytometric analysis revealed that
fisetin inhibited cell growth of A431 by inducing cell cycle arrest at G2/M phase and
induction of apoptosis (Fig. 1; Fig. S1 & S2). G2/M phase arrest provides an opportunity for
cells to either undergo orderly and timely repair of DNA damage and prevents inappropriate
mitotic entry or undergo apoptosis. The G2/M phase arrest is one of the most prominent
checkpoints of many anticancer agents in cancer cells. Studies have shown that members of
Bcl2 family are critical regulators of the apoptotic pathway (26). The proteins of Bcl2 family
are either anti-apoptotic or pro-apoptotic (26,27). Studies have demonstrated that the photo-
activated Hedyotis corymbosa extracts-induced apoptosis in skin cancer cells that is
accompanied by nuclear condensation and changes in apoptosis-related proteins (28).
Apigenin induces apoptosis of head and neck squamous cell carcinoma via tumor necrosis
factor receptor and Bcl2-mediated pathway (29). We found that treatment of A431 cells with
fisetin resulted in increased expression of pro-apoptotic proteins and decreased expression of
anti-apoptotic proteins (Fig. 2). The changes in these proteins expression of the Bcl2 family
may be responsible for apoptosis.

Mitochondria play a decisive role in the intrinsic apoptotic pathway specifically by releasing
different pro-apoptotic proteins, such as cytochrome c and Smac/DIABLO from
intermembrane space to cytosol during apoptosis (30-32). The release of these proteins is a
consequence of a process called mitochondrial outer membrane permeabilization in which
the integrity of the mitochondrial outer membrane is being compromised. It is well
established that Bax and Bak proteins, members of pro-apoptotic Bcl2 family are crucial for
inducing permeabilization of the outer mitochondrial membrane and thus subsequent release
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of cytochrome c, Smac/DIABLO and other apoptogenic molecules (31,33). Quercetin
treatment of cervical cancer cells resulted in deplorization of mitochondrial membrane
potential by increase production of ROS to promote apoptosis (34). A dose- and time-
dependent increase in cell populations with low mitochondrial membrane potential,
exhibiting loss of mitochondrial integrity was observed in fisetin treated A431 cells
indicating that apoptosis induced by fisetin treatment involves mitochondrial disruption (Fig.
S3). The shift in mitochondrial membrane potential induced by fisetin treatment was evident
by decrease in mitochondrial cytochrome c and Smac/DIABLO levels (Fig. 3).
Permeabilization of outer mitochondrial membrane and release of apoptogenic molecules
from intermembrane space to cytosol results in activation of downstream caspases (31,35).
Caspases act either as initiator or executioner within the apoptotic process. Executioner
caspases are activated from their pro-enzymatic form by the action of other caspases within
a cascade reaction. Erythroid differentiation regulator 1, a proapoptotic factor,
overexpression in human keratinocytes increased UVB-induced apoptosis and also induced
activation of caspase 3 (36). The increased expression of cleaved caspase-9, -7 and -3
suggests that fisetin induced apoptosis in A431 cells is mediated through activation of these
proteases (Fig. 4). Since activated caspases utilize PARP as their substrate leading to its
cleavage, we found that fisetin treatment of A431 cells resulted in cleavage of PARP.
Furthmore, fisetin-mediated activation of caspases and PARP cleavage was blocked by a
pan caspase inhibitor in A431 cells (Fig.4).

In summary our data suggest that treatment of A431 cells with fisetin inhibited growth and
induced apoptosis. These effects of fisetin are due to G2/M arrest, modulation in Bcl2 family
proteins expression, loss of mitochondrial membrane potential, activation of caspases and
cleavage of PARP protein. However, other pathways may also have a role that requires in-
depth investigation. Based on these observations, it is plausible to design fisetin-containing
emollient or a patch for the prevention and treatment of NMSCs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviation

NMSCs Non-melanoma skin cancers

BCCs Basal cell carcinomas

SCCs Squamous cell carcinomas

UV Ultraviolet

COX-2 Cyclooxygenase-2

EGFR Epidermal growth factor receptor

PI3K Phosphatidylinositol 3-kinase

PARP Poly(ADP-ribose) polymerase

MTT 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazoliumbromide
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Fig.1. Effect of fisetin treatment on growth, colony formation and cell cycle distribution in A431
cells
[a] Structure of fisetin. [b] Cell growth, A431 cells were treated with fisetin (5-80 μM) for
24, 48 and 72 h, and their viability was determined by MTT assay. Data shown are mean ±
SEM of three separate experiments in which each treatment was repeated in 10 wells.
*P<0.05; **P<0.01; ***P < 0.001 vs. control. [c & d] Clonogenic assay, A431 cells were
incubated with fisetin (5-40 μM) for 12 h. Following fisetin treatment, cells were plated in 6
well culture plate at a density of 500 cells/well in medium containing 10% FBS. The data
shown here are from a representative experiment repeated three times with similar results.
*P<0.05; **P<0.01; ***P < 0.001 vs. control. [e] Cell cycle phase distribution, A431 cells
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were treated with 5-40 μM fisetin for 48 h (dose-dependent study) and 20 μM of fisetin for
24, 48 and 72 h (time-dependent study). Cellular DNA was stained with PI and was
analyzed by flow cytometry. The percentage of cells in the G1, S, and G2/M phases were
calculated using ModFit LT software. Data shown here are mean percentage of three
independent experiments.
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Fig. 2. Effect of fisetin treatment on modulation of Bcl2 family proteins in A431 cells
A431 cells were treated with 5-40 μM fisetin for 48 h (dose-dependent study) and 20 μM of
fisetin for 24, 48 and 72 h (time-dependent study) to determine its effect on Bcl2 family
proteins. Cells were harvested and cell lysates were prepared and protein was subjected to
SDS-PAGE followed by immunoblot analysis and chemiluminescence detection. Equal
loading of protein was confirmed by stripping the immunoblot and reprobing it for β-actin.
The immunoblots shown here are from a representative experiment repeated three times
with similar results.
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Fig. 3. Effect of fisetin treatment on release of cytochrome c and Smac/DIABLO from
mitochondria in A431 cells
After treatment with fisetin, A431 cells were harvested, mitochondrial fraction was prepared
and expression of cytochrome c and Smac/DIABLO was determined. Equal loading of
protein was confirmed by stripping the immunoblot and reprobing it for COX IV
(mitochondrial fraction). The immunoblots shown here are from a representative experiment
repeated three times with similar results.
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Fig.4. Effect of fisetin treatment on cleavage of caspases and PARP in A431 cells
[a] After treatment with fisetin, A431 cells were harvested, cell lysates were prepared and
the expression of cleaved caspases and PARP was determined. Equal loading of protein was
confirmed by stripping the immunoblot and reprobing it for β-actin. The immunoblots
shown here are from a representative experiment repeated three times with similar results. [b
& c] A431 cells were treated with Z-VAD-FMK (40 μM; 2 h) followed by incubation with
fisetin (30 μM; 48 h). The cells were harvested and cell lysates were prepared followed by
immunoblot analysis and chemiluminescence detection. Equal loading of protein was
confirmed by stripping the immunoblot and reprobing it for β-actin. The relative density of
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the bands was normalized to β-actin. Data shown are from representative experiments
repeated thrice with similar results. *p<0.05, **p<0.01 vs control; ##p<0.01 vs fisetin.
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