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Synergistic Antiproliferative Action of the Flavonols Quercetin
and Kaempferol in Cultured Human Cancer Cell Lines
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Abstract. The consumption of vegetables containing the
flavonols quercetin and kaempferol reduces the risk of cancer.
We utilized human gut (HuTu-80 and Caco-2) and breast
cancer cells (PMC42) to show the synergistic effect of quercetin
and kaempferol in reducing cell proliferation. A trend in
reduction of total cell counts was seen following a single
exposure, a 4-day exposure or a 14-day exposure to quercetin
and kaempferol. Combined treatments with quercetin and
kaempferol were more effective than the additive effects of each
flavonol. The reduction in cell proliferation was associated with
decreased expression of nuclear proliferation antigen Ki67 and
decreased total protein levels in treated cells relative to controls.
In conclusion, the synergistic antiproliferative effect of quercetin
and kaempferol demonstrated in cultured human cells has
broad implications for understanding the influence of dietary
nutrients in vivo, where anticancer effects may be a result of
nutrients which act in concert.

There is strong epidemiological evidence linking frequent
consumption of fruit and vegetables with a reduced risk of a
number of cancers (1, 2). Recent research has identified a wide
range of phytochemicals that may be implicated in cancer
prevention, including flavonols (3). Flavonols are widespread
in vegetables and much research has been directed to the
potential health attributes of quercetin in particular. For
example, epidemiological studies showed an inverse association
between flavonoid intake and incidence of lung cancer (4, 5).
The major flavonols found in commonly consumed
vegetables are quercetin, followed by kaempferol (6), with
onions and tea being the major sources of quercetin in the
Western diet (7). Kaempferol is not as widely spread as
quercetin, but is found in many commonly consumed
vegetables, such as broccoli, kale and endive (6).
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Quercetin has been found in the plasma of non-
supplemented humans at a concentration of between 0.5 -
13 uM (8, 9). It appears that quercetin glycosides are
cleaved during absorption in the large intestine, but intact
glycosides can be absorbed in the small intestine (10); after
absorption, the aglycone is rapidly conjugated to form
glucuronides (11). There is further evidence that the
flavonol glucoronides are deconjugated by f-glucuronidase
during cellular absorption in the liver, meaning quercetin
and possibly kaempferol aglycones may be taken up at the
cellular level (12). Therefore, in vitro addition of quercetin
and kaempferol aglycones to human cancer cell lines at
levels normally found in plasma after a meal closely mimics
the in vivo condition.

Recent data has demonstrated a number of potential
roles for quercetin in prevention. The
chemopreventative effects of quercetin have been shown in
mice treated with azomethane, where the number of focal
areas of dysplasias in colonic mucosa was reduced in
animals on diets supplemented with quercetin (13).
Quercetin reduced colonic hyperproliferation and dysplasia
in mice treated with azomethanol to induce colonic
neoplasia (14) and it also inhibited the number of mammary
tumors in rats challenged with N-nitrosomethylurea (15).

The mechanisms by which flavonoids exert their
antitumor effects are not entirely clear, but inhibition of cell
proliferation has been reported on a number of occasions.
Aantiproliferative effects of quercetin have been reported in
cultured human tumor cells of the prostate (16), cultured
MCF-7 human breast cancer cells (17), squamous
carcinoma cells of the tongue (18), ascites tumor cells (19)
and human gastric cancer cells (20). Quercetin had a
cytotoxic effect on two actively proliferating human colonic
cancer cell lines, HT29 and Caco-2 (21), and inhibited
growth and expression of cancer-associated p21-ras proteins
(22, 23). Quercetin has also been found to affect
intracellular signaling pathways (24, 25). Kaempferol, a
closely related but less studied flavonol, reduced
proliferation in human melanoma cells (26) and human
prostate cancer cells (16) and inhibited cell growth of
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human prostate cancer cells through inhibition of tyrosine
phosphorylation (24).

It is unlikely that the observed reduction in cancer
incidence in vivo is due to the action of single compounds; it
is more likely to be due to one or several synergies
generated by a number of compounds ingested at the same
time. Quercetin and catechin were reported to
synergistically inhibit platelet aggregation (27), while
quercetin and resveratrol synergistically interacted with
ethanol to inhibit the inducible nitric oxide synthase
pathway (28). In broccoli, two glucosinolate derivatives
synergistically enhanced the Phase II enzyme systems, while
Vitamin D acted with interleukins to inhibit proliferation in
MCEF-7 breast cancer cells (29).

In the current study, we demonstrated synergistic and
additive responses between the two most commonly
ingested flavonols, quercetin and kaempferol, on cell
proliferation in the human intestinal lines Caco-2 and
HuTu-80 and in the PMC42 breast carcinoma cell line.

Materials and Methods

Cells. The immortalised human breast cell line, PMC42, was
cultured in RPMI (ThermoTrace, Melbourne, Australia)
supplemented with 10% fetal bovine serum (ThermoTrace) and
penicillin and streptomyocin. The human gut cancer cell lines,
HuTu-80 and Caco-2, were cultured in RPMI and DMM with 1%
non-essential amino acids (ThermoTrace), respectively. Both media
were supplemented with 10% fetal calf serum (ThermoTrace) and
penicillin and streptomyocin. Cells were maintained as monolayer
cultures in 5% CO, at 37°C. At confluency cells were detached by
incubating with 0.025% trypsin/EDTA.

Chemicals. Quercetin (3,3’,4’,5,7-Pentahydroxyflavone) and kaempferol
(3,5,7-Trihydroxy-2-[4-hydroxyphenyl]-4H-1-benzopyran-4-one) were
supplied by Sigma-Aldrich, Sydney, Australia. Stock solutions of 100
uM quercetin and kaempferol were prepared in respective media and
diluted to concentrations of 1 uM, 5 uM and 10 uM.

Treatment protocol. Cells were seeded at 10° cells in either cell culture
flasks or onto glass coverslips. Cells were treated once, daily for 4
days or daily for 14 days with quercetin and kaempferol, and then
processed for cell counting, protein estimation, immunofluorescence
or collected as cell pellets for Western blot analysis.

Trypan blue exclusion assay. A 200 ul aliquot of trypsinised cells was
mixed with an equal volume of trypan blue (Sigma) and cells were
then counted using a haemocytometer The mean and standard
deviation was determined from 7 to 8 separate counts for each
treatment.

Total protein measurement. Cell pellets were homogenised in 1%
sodium dodecyl sulphate (SDS) in 10mM Tris-HCI, pH 7.5, then
sonicated for complete cell disruption. The homogenate was
centrifuged at 18,000xg at 4°C for 10 min, supernatant collected
and mixed with protease inhibitor (Complete Mini Protease
Inhibitor Cocktail Tablets, Roche Diagnostics, Castle Hill, NSW,
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Australia). The total protein content was measured using the DC
Protein Assay Kit (Bio-Rad Laboratories, California, USA)
calibrated against bovine serum albumin (BSA) standards.

Western blot analyses. Between 30-60 pg of total protein was
separated by SDS/PAGE and transferred to nitrocellulose
membranes (Pall Gelman, Ann Arbor, Michigan, USA).
Membranes were blocked in 1% (w/v) casein in Tris-buffered saline
(TBS) overnight at 4°C. Diluted primary antibodies were applied
and incubated for 2h at room temperature. Monoclonal Ki67
(Dako Co.) antigen was diluted 1/750. Membranes were rinsed and
exposed to a 1/2000 dilution of HRP-conjugated secondary
antibody (Silenus, Melbourne, Australia) for 1h at RT. After
washing off excess secondary antibody, membranes were rinsed
twice in TBS with 0.1% tween 20. Proteins were detected by
enhanced chemiluminescence (POD Chemiluminescence Blotting
Substrate, Roche Diagnostics). To monitor protein loading,
membranes were stripped in Re-Blot solution (Chemicon
International, Temecula, California, USA) and re-probed with
monoclonal p-actin ) primary antibody (Sigma) diluted 1/3000. A
solution consisting of 1% casein in TBS was used for washing as
well as the antibody diluent.

Immunofluorescence. Treated cells grown on glass coverslips were
used. Cells were fixed in 4% (w/v) paraformaldehyde in PBS for 10
min and permeabilised with 0.1% (v/v) Triton X-100 (Sigma) in
PBS for 10min. Cells were blocked in 1% BSA in PBS for 1h at RT
and incubated overnight at 4°C with the primary antibody (Ki67
diluted 1/100). Fluorescent-tagged secondary antibody (Alexa 488
or 568 Molecular Probes, Eugene, Oregon, USA) diluted 1/2000
was applied for 2h. After washing off excess secondary antibodies,
cells were mounted in Antifade Reagent (Bio-Rad).

Statistics. The results are presented as means *SEM of four
experiments, each performed in triplicate. A Student’s ¢-test was
used to evalulate the statistical significance of the difference
between experimental and control groups.

Results

Single treatment. Following a single exposure to quercetin or
kaempferol at 1 uM, 5 uM or 10 uM or combined quercetin
and kaempferol (1 uM, 5 uM and 10 uM) for 72 h,
significant reductions in HuTu-80 cell counts were seen with
all treatments, relative to untreated cultures (Figure 1a),
with most effective treatments being 5 uM quercetin, which
resulted in a 29% reduction in cell number. Proliferation
was more significantly reduced in Caco2 cells by a single
dose of quercetin and kaempferol (at 1 uM, 5 uM and 10
uM) and all combined quercetin and kaempferol
concentrations (1 uM, 5 uM and 10 uM; Figure 1b). The
maximum reduction in total cell count was seen following
treatment of cells with a combination of 10 uM quercetin
and kaempferol, where cell numbers were reduced by 74%.
In PMC42 breast cancer cells, significant reductions in cell
counts relative to untreated cultures were seen after 72 h
with 5 uM quercetin, 10 uM kaempferol, or a combination
of 10 uM quercetin and 10 uM kaempferol (Figure 1c). The
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Figure 1. Effect of a single exposure to quercetin (Q), kaempferol (K) and combined quercetin and kaempferol (Q+K) on cell proliferation relative to
control cells (C) in HuTu-80 human gut cells (a), Caco-2 human gut cells (b) and PMC42 human breast cells (c).

Effect of a 4-day exposure to quercetin (Q), kaempferol (K) and combined quercetin and kaempferol (Q+K) on cell proliferation relative to control
cells (C) in HuTu-80 human gut cells (HuTu-80) (d), Caco-2 human gut cells (e) and PMC42 human breast cells (f).
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Figure 2. Effect of a 14-day exposure to quercetin (Q), kaempferol (K)
and combined quercetin and kaempferol (Q+K) on cell proliferation
relative to control cells (C) in HuTu-80 human gut cells (a), Caco-2
human gut cells (b) and PMC42 human breast cells (c).

Effect of a single exposure to quercetin (Q), kaempferol (K) and combined
quercetin and kaempferol (Q+K) on cell protein levels relative to control
cells (C) in HuTu-80 human gut cells (d) and Caco-2 human gut cells (e)
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Figure 3. (a).Western blot analysis to detect nuclear proliferation antigen, Ki67, in HuTu-80 human gut cells following a 14-day exposure to quercetin
(0), kaempferol (K) and combined quercetin and kaempferol (Q+K) relative to control cells (C).

(b).Indirect immunofluorescence to detect nuclear proliferation antigen in HuTu-80 human gut cells treated with combined quercetin (1 uM) and
kaempferol (1 uM) for 14 days but processed in the absence of antibody (i). Control cells not treated with quercetin or kaempferol for 14 days (ii). Cells

exposed to combined quercetin (1 uM) and kaempferol (1 uM) for 14 days (iii). Cells treated with medium containing quercetin (5 uM) and kaempferol
(5 uM) for 14 days (iv).
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most effective treatment was kaempferol at 10 uM, which
resulted in an 18% reduction in cell number compared with
control cells.

Four-day treatment. Total cell counts in HuTu-80 were
significantly reduced following all treatments. The
combination of quercetin and kaempferol at 5 uM was most
effective at reducing cell proliferation with a decrease in cell
numbers of 34% (Figure 1d). In Caco-2 cells, a significant
reduction in total cell counts was seen following exposure
to quercetin and kaempferol at 5 uM or 10 puM, or
combined quercetin and kaempferol (1 uM, 5 uM and 10
uM; Figure le). The maximum reduction in cell count was
seen in cells treated with a combination of 10 uM quercetin
and 10 uM kaempferol, which resulted in a reduction in cell
number of 38%. In the breast line PMC42, significant
reductions in total cell counts were seen following all
treatments, except kaempferol at 1 or 5 uM (Figure 1f). The
maximum reduction of 39% in total cell counts was seen
with a combination of 5 puM quercetin and 5 uM
kaempferol. This equates to approximately 4 times greater
inhibition in cell number compared to the sum of 5 uM
quercetin or 5 uM kaempferol applied alone, indicating a
possible synergistic response.

Fourteen-day treatment. Total cell counts in HuTu-80 80
were significantly reduced following treatment with a
combination of quercetin and kaempferol at 1, 5 or 10 uM,
or 10 uM kaempferol alone (Figure 2a). The most effective
treatment was 10 uM kaempferol, which resulted in a 21%
reduction in cell number. In CaCo-2 cells, a significant
reduction in total cell counts (42%) was only seen following
exposure to the combination of 10 uM quercetin and 10 uM
kaempferol (Figure 2b). Again, the combined treatment
resulted in an inhibition that was approximately four times
higher than the sum of the individual treatments applied
alone, indicating a possible synergistic response. In the
breast line PMC42, significant reductions in cell counts
relative to the control were seen only following treatment
with combinations of 1, 5 or 10 uM quercetin and
kaempferol (Figure 2c). Most effective was the 1 uM
combination with a reduction of 17% in cell numbers.

Total protein. Significant reductions in total protein
concentrations relative to untreated cells were found after
a single exposure of HuTu-80 cells to 1, 5 or 10 uM
quercetin and kaempferol combined (Figure 2d). Exposure
to quercetin or kaempferol applied alone did not
significantly affect total protein levels indicating that only
combinations were effective, possibly as a synergistic
response. More significant reductions in total protein
concentrations relative to untreated cells were found after
a single exposure of Caco-2 cells to 5 uM or 10 uM
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kaempferol or a combination of 5 uM or 10 uM quercetin
and kaempferol (Figure 2e). The most effective treatment
was 10 uM kaempferol and 10 uM quercetin and
kaempferol combined, which resulted in 45 and 41%
reduction in total protein, respectively.

A Western blot analysis to detect the relative amounts of
Ki67 nuclear proliferation antigen in HuTu-80 cells treated
with quercetin and kaempferol for 14 days relative to the
untreated controls showed bands of the expected size of 395
and 345kD. In a representative result from 4 analyses, a
reduction of 74% in band intensity was seen in cells treated
with a combination of 1 uM quercetin and 1 uM kaempferol
relative to the untreated cells. A reduction of 78% was seen
in extracts from cells treated with a combination of 5 uM
quercetin and 5 uM kaempferol, relative to untreated cells
(Figure 3a). Immunofluorescence showed that after 14 days
a reduced label was present in HuTu-80 cells exposed to a
combination of 1 uM quercetin and 1 uM kaempferol and a
combination of 5 uM quercetin and 5 uM kaempferol
(Figure 3b).

Discussion

While there is an ever-increasing volume of literature
presenting data on the effects that food constituents
("phytochemicals") have on the etiology of certain diseases,
the overwhelming majority of these studies concentrate on
the efficacy of single compounds. Humans ingest a wide
variety of foods and the interactions between the
phytochemicals within these foods may go some way to
explaining the discrepancies observed between the
epidemiological data linking fruit and vegetable consumption
with disease prevention (1) and the disappointing results
from intervention trials using single phytochemicals or
vitamins [e.g. Vitamin E (30); beta-carotene and vitamin A
(31)]. Our data shows that a combination of the flavonols,
quercetin and kaempferol is more effective in reducing cell
proliferation than either quercetin or kaempferol applied
alone. Both these flavonols are normally contained in various
vegetables (major source of quercetin is in onions and tea;
kaempferol in broccoli (7) and so our data provide in vitro
support for the epidemiological evidence that eating a wide
range of vegetables offers the best protection against a
variety of cancers. Our results indicate that the
antiproliferative action of quercetin and/or kaempferol varies
between different cancer cell lines. Proliferation in the colon
cancer line CaCo-2 was more significantly inhibited by all
treatments compared to HuTu-80 and the breast cancer line
PMC42 (Figures 1-2). Combined quercetin/kaempferol
treatments were also the most effective when applied for 4
days in all cell lines. The PMC42 breast carcinoma line
showed less of a decrease overall, possibly due to its
enhanced capacity to metabolise toxic substances (32).The
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combined treatments appeared to instigate a synergistic
effect in CaCo-2 cells after a 14-day application (Figure 2).
In this case a synergistic effect was seen when the inhibitory
effect of the combined 10 puM quercetin/kaempferol
treatment was > 4-fold higher than the additive effect i.e. the
inhibition caused by 10 uM quercetin added alone plus the
inhibition caused by 10 uM kaempferol added alone. There
is also a possible synergistic effect of the 1 uM and 5 uM
quercetin/kaempferol treatment applied for 4 days on
PMC42; again the combined effect at 5 uM was 4-fold higher
than the additive effect of 5 uM quercetin and kaempferol
added alone (Figure 2). There was, however, less synergistic
effect with combined treatments in PMC42 after 14 days
relative to the HuTu-80 and Caco-2 cells, possibly due to
increased metabolism of the flavonols in PMC42 cells.

Total protein estimates on HuTu-80 and Caco-2
following a single exposure to quercetin and kaempferol
caused a reduction in total protein levels, but at a lower rate
relative to cell counts. This result is consistent with an effect
in blocking the cell cycle after protein synthesis and prior to
the mitotic phase. Previous studies showed that kaempferol
blocked cell cycle progression in PC-3 human prostate
cancer cells (16) and in melanoma cells (26). In HuTu-80
cells, the antiproliferative effects of quercetin and
kaempferol were confirmed by a reduction in Ki67 nuclear
proliferation antigen, seen by Western blot analysis and
immunofluorescence. A similar reduction in Ki67 was found
in Caco-2 and, to a lesser extent, in PMC42 breast cancer
cells (data not shown).

Synergistic effects have been reported for a number of
dietary constituents. For example, quercetin and catechin
contained in red wine synergistically inhibited platelet
aggregation and hydrogen peroxide formation (9, 27). There
appears to be a further synergy between quercetin,
resveratrol and ethanol contained in red wine and the
inhibition of inducible nitric oxide (33). In cancer cells,
Vitamin D acted synergistically with interleukins to inhibit
proliferation in the breast cancer line MCF-7 (29), while
two isothiocyanates from broccoli synergistically enhanced
Phase II enzymes, such as quinone reductase and GSH-
transferase (34).

Our study shows the antiproliferative effects of quercetin
and kaempferol at concentrations between 1 to 10 uM.
These concentrations are compatible with those found
under normal physiological conditions (0.5 to 13 uM) (8, 9).
This is in contrast to other studies where relatively high
levels of quercetin and kaempferol were used, for example,
up to 100 uM quercetin and kaempferol in human PC-3
prostatic cells (16), 100 uM quercetin in human tongue
squamous carcinoma cells (18), between 10 and 70 uM
quercetin in human gastric cell lines (20), 15-120 uM
quercetin in HT-29 and Caco-2 cells (21), 50 uM
kaempferol in Caco-2 and HT29 (35) and between 30 and

100 uM quercetin in COLO320 DM human colon cancer
cells (22). However, quercetin at 7.23 uM was shown to be
effective in inhibiting xanthine oxidase (36).

In conclusion, we show a synergistic effect of quercetin and
kaempferol at physiological concentrations between 1 and 10
of 5 uM, in reducing cell proliferation in two human gut cell
lines HuTu-80 and Caco-2 and the PMC42 human breast cell
line. The greatest reduction in cell proliferation was seen in
Caco-2 cells following a single dose of combined
quercetin/kaempferol at 10 uM. Four- and 14-day treatments
were also effective in reducing proliferation of Caco-2, HuTu-
80 and PMC42 cells. The reduction in cell proliferation was
associated with decreased expression of nuclear proliferation
antigen Ki67 and decreased total protein levels in treated cells
relative to controls. The synergistic effect of quercetin and
kaempferol demonstrated in cultured cells has broad
implications for understanding the anticancer effects of
dietary nutrients in vivo, where individual nutrients may act in
concert to reduce carcinogenesis.
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