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 Background: Ovarian cancer is the most common gynecological malignancies in women, with high mortality rates world-
wide. Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is a member of the tumor necrosis fac-
tor (TNF) superfamily which preferentially induces apoptosis of cancer cells. However, acquired resistance to 
TRAIL hampers its therapeutic application. Identification of compounds that sensitize cancer cells to TRAIL is 
vital in combating resistance to TRAIL. The effect of kaempferol, a flavonoid enhancing TRAIL-induced apopto-
sis in ovarian cancer cells, was investigated in this study.

 Material/Methods: The cytotoxic effects of TRAIL (25 ng/mL) and kaempferol (20–100 µM) on human ovarian cancer cells OVCAR-3 
and SKOV-3 were assessed. Effect of kaempferol on the expression patterns of cell survival proteins (Bcl-xL, Bcl-
2, survivin, XIAP, c-FLIP) and apoptotic proteins (caspase-3, caspase-8, caspase-9, Bax) were studied. The influ-
ence of kaempferol on expression of DR4 and DR5 death receptors on the cell surface and protein and mRNA 
levels was also analyzed. Apoptosis following silencing of DR5 and CHOP by small interfering RNA (siRNA), and 
activation of MAP kinases were analyzed as well.

 Results: Kaempferol enhanced apoptosis and drastically up-regulated DR4, DR5, CHOP, JNK, ERK1/2, p38 and apoptot-
ic protein expression with decline in the expression of anti-apoptotic proteins. Further transfection with siRNA 
specific to CHOP and DR5 indicated the involvement of CHOP in DR5 up-regulation and also the contribution 
of DR5 in kaempferol-enhanced TRAIL-induced apoptosis.

 Conclusions: Kaempferol sensitized ovarian cancer cells to TRAIL-induced apoptosis via up-regulation of DR4 and DR5 through 
ERK/JNK/CHOP pathways.
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Background

Ovarian cancer is most prevalent cancers among women and 
is the second most frequent gynecological cancer [1]. Ovarian 
cancer manifests very few symptoms in the initial stages and 
is usually diagnosed at an advanced stage [2] making treat-
ment of the malignancy difficult [3]. Further, development 
of chemoresistance also presents a challenge to the clinical 
management of advanced epithelial ovarian cancer [4]. An ef-
fective strategy in cancer treatment is to induce apoptosis of 
cancer cells. Zhang et al. [5] reported that Pyrvinium, anti-hel-
minthic drug inhibited cell proliferation and induced apopto-
sis of paclitaxel- and cisplatin-resistant ovarian cancer cells 
A2278/PTX and SK-OV-3 via down-regulating Wnt/b-catenin 
signaling pathway. Tumor necrosis factor (TNF)-related apop-
tosis-inducing ligand (TRAIL) is a member of the TNF family 
that specifically induces apoptosis in cancer cells and exhibit-
ing negligible effects on normal cells [6].

TRAIL exerts its effects through its interaction with five re-
ceptors – the death receptors DR4/TRAIL-R1 [7], DR5/TRAIL 
R2 and the decoy receptors – DcR1/TRAIL-R3 [8] and DcR2/
TRAIL-R4 [9] and osteoprotegerin, a cytoplasmic receptor [10]. 
Binding of TRAIL to DR4 and DR5, leads to the enlistment of 
Fas- associated protein with death domain (FADD) and pro-
caspases-8/-10 [11]. This results in a multi-protein death-in-
ducing signaling complex (DISC) [12] that eventually leads to 
initiation of the initiator caspases [13] resulting in transduc-
tion of apoptosis pathway.

Despite of favorable results, many studies have demonstrated 
that a several cancer cells are TRAIL-resistant, including malig-
nant tumors such as ovarian cancer, pancreatic cancer, gliomas, 
malignant melanoma and neuroblastoma [14]. A number of mo-
lecular events have been associated with TRAIL-resistance as 
increased expression of anti-apoptotic proteins such as cellu-
lar (FLICE)-like inhibitory protein (c-FLIP), X-linked inhibitor of 
apoptosis protein (XIAP) and Bcl-2 [15], overexpression of decoy 
receptors (DcRs) and restricted expression of cell signaling DRs 
on the cell surface [16]. Furthermore, transcription factor NF-
kB, PI3K/Akt and MAP kinase signaling pathways have all been 
implicated to be involved in resistance to TRAIL-induced apop-
tosis [14,15], thus making identification of TRAIL-sensitizers as 
crucial in cancer therapy. Several reports indicate that plant-de-
rived compounds could effectively enhance and sensitize cancer 
cells to TRAIL-induced apoptosis [17]. 6-Shogaol, a potent bioac-
tive compound in ginger, has been found to sensitize renal car-
cinoma cells to TRAL-induced apoptosis [18]. Henrich et al. [19] 
reported that Withanolide E, a steroidal lactone from Physalis 
peruviana, was effective in sensitizing cancer cells to TRAIL.

Flavonoids are natural polyphenols in fruits and vegetables. 
They possess wide array of biological properties including 

anti-proliferative, antioxidant and anti-inflammatory activi-
ties [20]. Kaempferol and quercetin are flavonoids that be-
long to the subclass referred to as flavonols. They are com-
monly present in many foods including grapefruits, onions 
and tea [21]. Kaempferol has been reported to have numerous 
health benefits including antioxidant, cardioprotective and an-
ti-carcinogenic effects [22]. Considering the previous studies, 
we explored kaempferol for possible enhancement of TRAIL-
induced apoptosis of ovarian cancer cells.

Material and Methods

Cell lines

OVCAR-3 and SKOV-3 – human ovarian cancer cells were ob-
tained from ATCC and cultured according to their instruc-
tions. Briefly, SKOV-3 cells were cultured in RPMI 1640 me-
dium (Invitrogen, CA, USA) supplemented with fetal bovine 
serum (FBS) (10%). OVCAR-3 cells were also cultured in RPMI 
1640, but were supplemented with 20% FBS and bovine in-
sulin (0.01 mg/mL).

Chemicals and reagents

Kaempferol (Sigma-Aldrich, St. Louis, MO, USA) and human 
TRAIL from PeproTech (Rocky Hill, NJ, USA) were used in 
the study. Antibodies against Bcl-xL, Bcl-2, survivin, Bax, c-
FLIP, CHOP (CEBP homologous protein), XIAP, caspase-3, cas-
pase-8, caspase-9, DR4, DR5 were procured from Cell Signaling 
Technology (Danvers, MA, USA). b-actin, JNK, phospho-JNK, 
ERK1/2, phospho-ERK1/2, p38 and phospho-p38 were pro-
cured from Santa Cruz Biotechnology (Santa Cruz, CA, USA) 
and were used for expression analysis. All other analytical-
grade chemicals and reagents were from Sigma-Aldrich un-
less noted otherwise.

Cell viability assay

OVCAR-3 and SKOV-3 – human ovarian cancer cells were seed-
ed into 96-well plates (0.5×106 cells/well) and incubated for 
24 h. The cells were then exposed to various concentrations 
of kaempferol (20–100 µM) for 24 h. Cells were then incu-
bated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT). After 4 h, the formed formazan crystals 
were dissolved in DMSO and the absorbance was measured 
at 570 nm using a multiscan spectrum (Thermo Electron Co., 
Vantaa, Finland). The inhibition of cell proliferation was esti-
mated using the formula – (A570 control cells – A570 treated 
cells)/A570 control cells ×100%.
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Live/dead assay

To assess apoptosis following exposure to various concentra-
tions of kaempferol (25, 50 and 100 µM), the Live/Dead kit 
assay (Invitrogen, CA, USA) was performed. The assay ascer-
tains membrane integrity and intracellular esterase activity 
as a measure of apoptosis using non-fluorescent polyanionic 
dye, calcein-AM. The live cells retain the dye, thereby produc-
ing intense green fluorescence through conversion of ester-
ase and the ethidium homodimer binds to nucleic acids inside 
the damaged/dead cells and gives a bright red fluorescence. 
Briefly, OVCAR-3 and SKOV-3 - human ovarian cancer cells that 
were treated with kaempferol and or TRAIL (25ng/mL) were 
stained with the Live/Dead reagent (5 μmol/L ethidium ho-
modimer and 5 μmol/L calcein-AM) and incubated at 37°C for 
30 min. The cells were examined for fluorescence under a flu-
orescence microscope (Labophot-2, Nikon).

Analysis of apoptosis by Annexin V assay

Human ovarian carcinoma cells, OVCAR-3 and SKOV-3 were 
incubated with kaempferol (50 or 100 µM) and/or TRAIL (25 
ng/mL) for 24 h. Percentage of apoptosis was detected using 
Annexin V-FITC detection kit II (BD Biosciences Pharmingen, 
San Diego, CA, USA). Following treatments, the cancer cells 
were incubated for about 30 min at room temperature with 
5 μL annexin V-FITC reagent and were examined using a flow 
cytometer (FACS Calibur, BD Biosciences).

Analysis of DR4 and DR5 expression

The cell-surface expression of death receptors DR4 and DR5 
in the ovarian carcinoma cells treated with kaempferol (50 
and 100 µM) for 24 h were assessed using mouse anti-human 
DR4 or DR5 monoclonal antibodies conjugated with phycoer-
ythrin (R&D Systems). The cells were treated with the anti-
bodies and incubated for 45 min at 4°C and were examined 
by flow cytometry [23].

Analysis of gene expression by real-time PCR

Using TRIzol reagent (Invitrogen, CA, USA) total RNA was iso-
lated from tumor cells according to the manufacturer’s proto-
col. Quantitative real-time PCR for DR4, DR5 and GAPDH genes 
was carried out as previously described by Wei et al. [24]. 
The primer sequences DR4 5’-TTGTGTCCACCAGGATCTCA-3’ 
and 5’ GTCACTCC AGGGCGTACAAT-3’ [25], DR5 5’-ACT 
CCTGGAATGACTACCTG-3’ and 5’-ATCCCAAGTGAA CTTGA GCC-
3’ [25], GAPDH, 5’-GTCATCCATGACAACTTTGG-3’ and 5’-GA 
GCTTGACAAAGTGGTCGT-3’ [26] were used. The relative expres-
sion levels of DR4 and DR5 genes were standardized with the 
expression of internal control (GAPDH).

Transfection with siRNA

Expression of DR5 and CHOP were analyzed following silenc-
ing with 25-nucleotide siRNA (Invitrogen, CA, USA) to assess 
the influence of kaempferol on DR5 and CHOP expression. 
The carcinoma cells OVCAR-3 and SKOV-3 were transfected 
with siRNA oligonucleotides (30 nmol/L) using lipofectamine 
2000 (Invitrogen, CA, USA) as per the manufacturer’s proto-
cols. Following transfection, cells were treated with kaempfer-
ol (100 µM) for 12 h and then incubated with TRAIL (25 ng/
mL) for 24 h [27]. The cells were collected and analyzed for ex-
pression and for apoptosis. The percentage of apoptosis was 
assessed by Live/Dead assay as described earlier.

Western blot analysis

Proteins extracted from the cells treated with kaempferol (50 
and 100 µM) and/or TRAIL (25 ng/mL) for 24 h were subjected 
to western blot analysis. Western blot analysis was performed 
as described previously by Sung et al. [28]. Following treat-
ments, the cells were incubated in 0.5 mL of ice-cold whole-
cell lysate buffer (5 M NaCl, 10% Nonidet P-40, 0.2 M sodium 
orthovanadate, 1 M HEPES, 0.1 M EGTA, 0.5 M EDTA, 0.1 M 
phenylmethylsulfonyl fluoride, 1 M sodium fluoride, 2 µg/mL 
aprotinin and 2 µg/mL leupeptin) on ice for 30 min. The iso-
lated proteins from the cell lysates were separated by SDS-
PAGE and electrotransferred to nitrocellulose membranes. 
Respective antibodies were used for hybridization and the im-
mune-reactive bands were analyzed by enhanced chemilumi-
nescence (GE Healthcare). The band densities were normalized 
to those of control – b-actin using anti-b-actin (Cell Signaling 
Technology Company, USA).

Statistical analysis

The results are reported as means ±SDs, from three or six dif-
ferent experiments. Data were evaluated using one-way anal-
ysis of variance (ANOVA) followed by Duncan’s multiple range 
test (DMRT) using the SPSS software (ver. 16.0). P values <0.05 
were considered to indicate statistical significance.

Results

Kaempferol inhibited cancer cell proliferation

Kaempferol at 20–100 µM concentrations efficiently inhibited 
the proliferation of ovarian cancer cells OVCAR-3 and SKOV-3. 
Upon incubation with kaempferol, the cell viability significant-
ly (p<0.05) decreased (Table 1). While 20 and 40 µM kaemp-
ferol reduced the viability, doses above 40 µM brought more 
reduction in cell viability in both the cell lines.
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Kaempferol enhanced TRAIL-induced apoptosis

Live/Dead assay for determining cell viability was performed 
after exposure to 25, 50 or 100 µM kaempferol. Exposure to 
50 µM concentration resulted in 49.09% in OVCAR-3 cells and 
48.93% in SKOV-3 cells. Striking increases (p<0.05) were ob-
served in treatment with 100 µM kaempferol as compared with 
lower doses of 25 or 50 µM. However, exposure to TRAIL and 

kaempferol at 100 µM interestingly, bought a multi-fold in-
crease in cytotoxicity levels to 73.19% in OVCAR-3 and 78.90% 
in SKOV-3 cells (Table 2). TRAIL alone caused viability of about 
36.16% and 37.88% in SKOV-3 and OVCAR-3 cells respectively.

Translocation of membrane phosphatidylserine to the extra-
cellular surface of the membrane from the cytoplasmic inter-
face is a primary indicator of apoptosis. Annexin V/PI staining 

Cell viability (%)

SKOV-3 OVCAR-3

Control  99.21±0.58f  99.14±0.75f

20 µM Kaempferol  85.62±3.09ae  86.36±3.62ae

40 µM Kaempferol  69.73±1.67ad  74.09±1.54ad

60 µM Kaempferol  48.00±2.06ac  49.90±1.78ac

80 µM Kaempferol  44.80±2.34ac  45.98±3.06ac

100 µM Kaempferol  36.17±2.05ab  40.26±1.28ab

Table 1. Cytotoxicity of various concentrations of kaempferol as determined by MTT assay.

Values are represented as mean ±SD, n=6. a Denotes statistical significance at p<0.05 compared against control; b–f represents values 
of various treatment on the same cell line that differ from each other at p<0.05 as determined by one-way ANOVA followed by DMRT 
analysis.

Cytotoxicity (%)

SKOV-3 OVCAR-3

Control  2.1±0.66b  1.7±0.59b

25 µM Kaempferol  29.25±1.98ac  35.60±2.06ac

50 µM Kaempferol  48.93±2.73ad  49.09±3.02ad

100 µM Kaempferol  66.12±4.36af  60.05±3.97ae

25 µM Kaempferol + TRAIL  59.84±3.5ae  62.96±3.86ae

50 µM Kaempferol + TRAIL  63.19±2.13ae  68.90±2.50af

Cytotoxicity (%)

SKOV-3 OVCAR-3

Control  1.59±0.05b  1.98±0.10b

50 µM Kaempferol  30.39±1.56ac  36.12±1.32ad

100 µM Kaempferol  57.90±2.86ad  60.01±3.05ae

50 µM Kaempferol + TRAIL  56.12±1.98ad  58.17±2.12ae

100 µM Kaempferol + TRAIL  68.54±3.71ae  72.15±3.50af

TRAIL (25 ng/ml)  28.70±1.75ac  31.22±1.53ac

Table 2A. Kaempferol enhanced TRAIL-induced apoptosis in ovarian cancer cells.

Values are represented as mean ±SD, n=6. a Denotes statistical significance at p<0.05 compared against control; b–f represents values 
of various treatment on the same cell line that differ from each other at p<0.05 as determined by one-way ANOVA followed by DMRT 
analysis.

Table 2B. Kaempferol enhanced TRAIL-induced apoptosis in ovarian cancer cells as determined by Annexin V assay.
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assay was performed to assess the integrity of the cell mem-
brane. The results presented in Table 2A and 2B reveals that 
the combined exposure to TRAIL and kaempferol at 50 and 
100 µM could induce more robust apoptosis in the cancer cells 
than the exposure to either TRAIL or kaempferol at both the 
doses. The results suggest that kaempferol was able to effec-
tively enhance TRAIL-induced apoptosis.

Kaempferol up-regulated the cell surface expression of 
DR4 and DR5

TRAIL is known to induce apoptosis through its interaction 
with death receptors – DR4 and DR5 which eventually inter-
act with FADD leading to the sequential activation of initiator 
caspase-8 and caspase-3 [29]. We were particularly interested 

to know if kaempferol-induced apoptosis is associated with 
up-regulation of the cell surface expression of DR4 and DR5 
in the ovarian cancer cells. Exposure to kaempferol resulted 
in a significant (p<0.05) increase in the expression of DR4 and 
DR5 in a dose-dependent manner. However, kaempferol at 
both the doses were more effective on the expression of DR5 
than DR4. Further, SKOV-3 cells presented striking expression 
of DR5 than the OVCAR-3 cells following exposure to 50 and 
100 µM of kaempferol (Figure 1).

Furthermore, to examine the influence of kaempferol on the 
expression of DR4 at the mRNA level, RT-PCR was performed. 
Kaempferol potentially induced the expression of DR5 and DR4 
in dose-dependent way (Figure 2A, 2B). Kaempferol induced 
significant effects on the mRNA expression levels of DR4 and 
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Figure 1.  Influence of kaempferol on cell surface expression 
of DR4 and DR5. Kaempferol caused markedly up-
regulated the expressions of death receptors – DR4 
and DR5 on the cell surface of the ovarian cancer cells. 
Values are represented as mean ±SD, n=6. * Denotes 
statistical significance at p<0.05 compared against 
control as determined by one-way ANOVA
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Figure 3.  Influence of kaempferol on the expression of death 
receptors and CHOP. Immunoblotting studies indicated 
that kaempferol dose-dependently elevated the 
expressions of DR4, DR5 and CHOP in SKOV-3 and 
OVCAR-3 cells.
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Figure 2.  (A) Kaempferol enhanced the expression of DR4 and DR5. RT-PCR analysis revealed that kaempferol exposure significantly 
enhanced the expression of DR4 and DR5 at mRNA levels in ovarian cancer cells SKOV-3 and OVCAR-3. (L1 – Control; L2 – 
50 µM Kaempferol; L3 – 100 µM Kaempferol). (B) Relative expression of kaempferol on DR4 and DR5. Values are represented 
as mean ± SD, n=6. * Denotes statistical significance at p<0.05 compared against control as determined by one-way ANOVA.
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DR5 and the same was observed to be in line with the pro-
tein level of the death receptors as determined by western 
blot analysis (Figure 3). However, the up-regulation of DR5 
was more pronounced than DR4.

DR5 expression is reported to be regulated at the transcrip-
tional level through CHOP upon interacting at CHOP-binding 
site in the DR5 [30]. Previous studies have shown that the 
induction of death receptor by chemotherapeutic agents is 

mediated through the activation of CHOP [31]. Kaempferol at 
50 and 100 µM caused marked (p<0.05) increase in the ex-
pression of CHOP. Enhanced expression of CHOP as observed 
was in line with expression level of DR5, suggesting that ele-
vated CHOP also might had probably induced the expression of 
DR5 (Figure 3). The results suggest that kaempferol-enhanced 
TRAIL-induced apoptosis was possibly due its effect on up-reg-
ulation of the death receptor expressions.
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Figure 4.  (A) Cytotoxicity exhibited after transfection with siRNA specific for DR5 under the influence of kaempferol. Transfection with 
siRNA specific for DR5 resulted in a significant decrease in the expression of DR5. (L1 – Control; L2 – 100 µM Kaempferol; 
L3 – 100 µM Kaempferol+TRAIL; L4 – 100 µM Kaempferol+D5 siRNA; L5 – 100 µM Kaempferol+TRAIL+D5 siRNA; L6 – TRAIL 
(25 ng/mL); L7 – TRAIL (25 ng/mL)+D5 siRNA; L8 – D5 siRNA). (B) Cytotoxicity exhibited after transfection with siRNA under 
the influence of kaempferol. Transfection with siRNA specific for DR5 resulted in a significant decrease in the expression of 
DR5 that consequently resulted in a marked decline in cytotoxicity percentage. Values are represented as mean ±SD, n=6; 
a denotes statistical significance at p<0.05 compared against control as determined and b–f denotes values within the same 
group that differ from each other at p<0.05 as determined by one-way ANOVA followed by DMRT analysis. (C) Cytotoxicity 
exhibited after transfection with siRNA under the influence of kaempferol. Transfection with siRNA specific for CHOP resulted 
in a significant decrease in the expression of CHOP. (L1 – Control; L2 – 100 µM Kaempferol; L3 – 100 µM Kaempferol+TRAIL; 
L4 – 100 µM Kaempferol+D5 siRNA; L5 – 100 µM Kaempferol+TRAIL+D5 siRNA; L6 – TRAIL (25 ng/mL); 
L7 – TRAIL (25 ng/mL)+D5 siRNA; L8 – D5 siRNA). (D) Cytotoxicity exhibited after transfection with siRNA under the influence 
of kaempferol. Transfection with siRNA specific for CHOP resulted in a significant decrease in the expression of CHOP that 
consequently resulted in a marked decline in cytotoxicity percentage. Values are represented as mean ±SD, n=6; a denotes 
statistical significance at p<0.05 compared against control as determined and b–g denotes values within the same group 
that differ from each other at p<0.05 as determined by one-way ANOVA followed by DMRT analysis. (E) Cytotoxicity exhibited 
after transfection with siRNA under the influence of kaempferol. Transfection with CHOP siRNA strikingly reduced the DR5 
expression levels that was in line with cytotoxicity levels observed with CHOP siRNA, suggesting the involvement of CHOP 
in DR5 up-regulation and expression. (L1 – Control; L2 – 100 µM Kaempferol; L3 – 100 µM Kaempferol+TRAIL; L4 – 100 µM 
Kaempferol+D5 siRNA; L5 – 100 µM Kaempferol+TRAIL+D5 siRNA; L6 – TRAIL (25 ng/mL); L7 – TRAIL (25 ng/mL)+D5 siRNA; 
L8 – D5 siRNA).
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CHOP mediates kaempferol-induced up-regulation of DR5 
is required for TRAIL-induced apoptosis

To further assess the involvement of CHOP and DR5 in kaemp-
ferol-induced increase in TRAIL-induced apoptosis, siRNAs spe-
cific to DR5 and CHOP were employed. Transfection of the 
cancer cells with siRNA for DR5 caused reduction in DR5 ex-
pression (Figure 4A–4E). However, TRAIL and 100 µM kaemp-
ferol caused slight up-regulation of DR5. In the cells that were 
not exposed to DR5 siRNA, elevated DR5 expression was ob-
served. In cells transfected with siRNA for CHOP, decrease in 
DR5 expression level was found indicating the involvement of 
CHOP in DR5 expression. While kaempferol caused elevated 
DR5 levels, the cells not transfected with CHOP siRNA exhib-
ited pronounced expression than cells exposed, resulting in 
apoptosis. This was further supported by the increase in the 
apoptosis counts of the cancer cells following cell viability as-
say. In cells transfected with siRNA, the viability percentage of 
the cancer cells was high. The results suggest that CHOP and 
DR5 are needed for TRAL-induced apoptosis of the cancer cells.

Kaempferol-induced death receptor up-regulation requires 
MAP kinases

We studied whether kaempferol influenced the activation of 
MAP kinases – ERK1/2, p38 MAPK, and JNK. Incubation with 
kaempferol caused significant (p<0.05) up-regulation in the 
expression of ERK1/2, JNK and p38. Kaempferol caused multi-
fold increase in the level of phosphorylated ERK1/2 and JNK. 

Though we observed a considerable increase in p-p38 levels, 
it was not significant. Kaempferol induced enhancement in the 
phosphorylation level was more following exposure to 100 µM, 
than other lower doses used (Figure 5A, 5B).

Kaempferol modulates the expression of apoptotic 
pathway proteins

Bonding of TRAIL to the death receptors (DR4 and DR5) is piv-
otal for initiation of apoptosis. This interaction results in the 
initiation of the caspase cascade. The effects of kaempferol 
on TRAIL-induced activation of caspases was assessed where 
kaempferol at 50 and 100 µM strikingly increased (p<0.05) the 
expression of caspase-3,-8 and -9 in a dose-dependent man-
ner in both OVCAR-3 and SKOV-3 cell lines. However, the com-
bined exposure of TRAIL and kaempferol had more impact in 
the caspase expression with 100 µM presenting significant ef-
fect than the lower doses (Figure 6A, 6B).

OVCAR-3 and SKOV-3 cells treated with different concentrations 
of kaempferol and/or TRAIL were evaluated for expression of 
cell survival proteins. Kaempferol caused significant (p<0.05) 
inhibition on the expressions of Bcl-xL, Bcl-2, survivin, c-FLIP 
and XIAP, while up-regulating the pro-apoptotic protein, Bax 
(Figure 6A, 6B). While 100 µM brought out a decrease in the 
expression of these anti-apoptotic proteins, the combined ef-
fects of TRAIL and kaempferol was more significant than kaemp-
ferol or TRAIL when used alone. Collectively, the results sug-
gest that kaempferol potentiated the down-regulation of cell 
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Figure 5.  (A) Influence of kaempferol on MAPkinase expression on SKOV-3 human ovarian cancer cells. Kaempferol exposure 
caused significant increase in the expression levels of MAP kinases – JNK, ERK1/2 and p-38. Striking elevations in the 
phosphorylated forms of JNK, ERK1/2 and p-38 were observed in SKOV-3 cells. (L1 – Control; L2 – 50 µM Kaempferol; 
L3 – 100 µM Kaempferol; L4 – 50 µM Kaempferol+TRAIL; L5 – 100 µM Kaempferol+TRAIL). (B) Influence of kaempferol on 
MAPkinase expression on OVCAR-3 human ovarian cancer cells. Kaempferol exposure caused significant increase in the 
expression levels of MAP kinases – JNK, ERK1/2 and p-38. Striking elevations in the phosphorylated forms of JNK, ERK1/2 
and p-38 were observed in OVCAR-3cells. (L1 – Control; L2 – 50 µM Kaempferol; L3 – 100 µM Kaempferol; L4 – 50 µM 
Kaempferol+TRAIL; L5 – 100 µM Kaempferol+TRAIL)
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survival proteins probably by similar mechanisms as TRAIL, sug-
gesting that kaempferol potentiated TRAIL-induced apoptosis.

Discussion

Despite promising effects of TRAIL on cancer cells, accumulat-
ing reports have made it evident that human tumors are gain-
ing resistant to TRAIL and occurrences of acquiring resistance 
to TRAIL-mediated cell death [32]. It has been postulated that 
in tumors resistant to TRAIL, the cell survival signals normally 
become prominent due to deficiencies in the apoptotic path-
ways. Signaling pathway dysfunctions including the altered 
expression of the DRs, the Fas-associated death domain, or 
caspase-8 [33], overexpression of anti-apoptotic Bcl-2 family 
proteins, Mcl-1, survivin and cFLIP, a caspase-8 inhibitor [34], 
and activation of NF-kB [35], enhanced expressions of XIAP 
have been observed in many tumor cell lines that may lead to 
TRAIL resistance by inhibiting caspases [36].

Depending on the survival pathway elicited and/or the fac-
tors contributing to resistance, TRAIL-resistant cancers pos-
sibly lead to an improved survival and even tumor cells mi-
gration despite treatment with TRAIL [37]. Thus, it becomes 
pivotal to identify novel compounds that could effectively sen-
sitize tumor cells to TRAIL-induced apoptosis and can be pos-
sibly combined with TRAIL to amplify its apoptotic effects [34].

Studies indicate that ovarian cancers also exhibit resistance 
to TRAIL through various molecular events [38]. Recent stud-
ies have demonstrated that exposure to gingerol and querce-
tin could sensitize cancer cells [39].

We investigated whether kaempferol was able to sensitize 
SKOV-3 and OVCAR-3 human ovarian cancer cells to TRAIL.

Kaempferol at 20–100 µM decreased SKOV-3 and OVCAR-3 cells 
viability, suggesting its anti-proliferative efficacy. Furthermore, 
the combined exposure to kaempferol and TRAIL dramatically 
increased the apoptotic cell counts as compared to cells treat-
ed with either kaempferol or TRAIL, suggesting that kaempferol 
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Figure 6.  (A) Influence of kaempferol on expression of apoptotic pathway proteins in SKOV-3 human ovarian cancer cells. Kaempferol 
exposure caused significant increase in the expression levels of apoptotic proteins Bax and caspases, and strikingly down-
regulated the expressions of cell survival proteins (Bcl-xL, Bcl-2, survivin, c-FLIP and XIAP) in SKOV-3 cells. Combined 
exposure to TRAIL and kaempferol resulted in more pronounced modulations in the expressions of the proteins. 
(L1 – Control; L2 – TRAIL; L3 – 50 µM Kaempferol; L4 – 100 µM Kaempferol; L5 – 50 µM Kaempferol+TRAIL; L6 – 100 µM 
Kaempferol+TRAIL). (B) Influence of kaempferol on expression of apoptotic pathway proteins in OVCAR-3 human ovarian 
cancer cells. Kaempferol exposure caused significant increase in the expression levels of apoptotic proteins Bax and 
caspases, and strikingly down-regulated the expressions of cell survival proteins (Bcl-xL, Bcl-2, survivin, c-FLIP and XIAP) in 
OVCAR-3cells. Combined exposure to TRAIL and kaempferol resulted in more pronounced modulations in the expressions of 
the proteins. (L1 – Control; L2 – TRAIL; L3 – 50 µM Kaempferol; L4 – 100 µM Kaempferol; L5 – 50 µM Kaempferol+TRAIL; 
L6 – 100 µM Kaempferol+TRAIL).
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effectively potentiated the effects of TRAIL. In addition, down-
regulated expression of anti-apoptotic proteins, Bcl-2, Bcl-xL 
and survivin were observed following exposure to kaempfer-
ol. The ratio between pro-apoptotic and anti-apoptotic mem-
bers of the Bcl-2 family determines the transduction of death 
signal. Down-regulation of Bcl-xL, Bcl-2 and survivin expres-
sion is known to promote sensitivity to TRAIL-mediated cell 
death [40]. Further, resistance to TRAIL has also been corre-
lated with over-expressions of c-FLIP and XIAP [34,40]. It has 
been shown that the phytochemical drugs, casticin and car-
damonin inhibit XIAP and enhanced TRAIL-mediated apopto-
sis [41]. Thus, kaempferol-induced down-regulation of XIAP and 
c-FLIP could also have contributed to the caspase cascade acti-
vation, that is evident by the significant up-regulation of cas-
pase-3, caspase-8, caspase-9 and pro-apoptotic protein (Bax) 
as well. The differences observed in the expression patterns 
were dose-dependent, where 100 µM kaempferol combined 
with TRAIL had greater influence.

Interaction with DR4 and DR5 receptors triggers the transduction 
of the apoptotic pathway. The higher expression of these recep-
tors on tumor cells contributes to TRAIL-induced cell death [42]. 
Thus, for any changes either at the protein level and/or cell sur-
face level, TRAIL receptors have profound effects on TRAIL, as a 
death-inducing ligand. Dysregulated expression levels have been 
reported in several TRAIL-resistant cancers [43] subsequent up-
regulation of the receptors contributes to promote apoptosis. 
Kaempferol caused significant up-regulation in the expression 
of DR4 and DR5 on the surface of SKOV-3 and OVCAR-3 cells 
and also enhanced expression at the gene and protein level. 
Silencing of DR5 gene was executed to understand the con-
tribution of DR5 up-regulation in kaempferol induced TRAIL-
mediated apoptosis. Transfection of the cells with DR5 siRNA 
affected DR5 expression and apoptotic cell counts. While com-
bined exposure to kaempferol and TRAIL presented a slight in-
crease in apoptotic cells, increase in apoptosis in cancer cells 
that were not transfected with siRNA was more robust, indi-
cating the contribution of DR5 in TRAIL-mediated cell death.

CHOP, a chaperone in the ER, is a key regulator of DR5 [30]. 
It binds to DR5 promoter region and regulates the expression 
of DR5 [30]. Our observations revealed that induction of DR5 
expression by kaempferol is mediated through CHOP up-reg-
ulation. While kaempferol caused striking increase in the ex-
pression level of CHOP, transfection with siRNA specific to 
CHOP reduced the expression of CHOP and DR5 even on ex-
posure to kaempferol that well correlated with the apoptotic 
cell counts observed [44,45].

MAP kinases transduce various extracellular stimuli and are 
vital for the sustainment of various intracellular processes 
like that of cell development and growth, apoptosis and re-
actions to various external stresses [14]. The MAP kinases – 
JNK, ERK and p38 kinase have been found to be activated in 
response to TRAIL stimulation [14] and also regulate the ex-
pression of DR4 and DR5 [28]. Kaempferol caused up-regula-
tion of the phosphorylated forms indicating activation of JNK, 
p-38 and ERK1/2 in a dose-dependent way. Gingerol, gossy-
pol and quercetin enhanced TRAIL-induced apoptosis through 
activation of MAP kinases [28, 39].

Conclusions

Observations of our study suggest that kaempferol effective-
ly sensitized the ovarian cancer cells and enhanced TRAIL-
induced apoptosis by significantly upregulating the death re-
ceptors and through the activation of CHOP and MAP kinases. 
Thus, kaempferol could possibly be employed in combined 
therapy with TRAIL in the treatment of TRAIL-resistant tumors.
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