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Abstract

Aflatoxin B, (AFB,), a mycotoxin produced by Aspergillus spp., was proved as one of the major causes of human hepato-
cellular carcinoma (HCC) when chronically consumed. An efflux of AFB, was reported to be associated with breast cancer
resistance protein (BCRP) whose activity could also be modulated by green tea catechins. The purpose of this study was,
therefore, to examine the impacts of green tea catechins on BCRP activity in Caco-2 cells by H33342 (bis-benzamide, BCRP
substrate) accumulation and AFB, efflux. Results showed a significant decrease (p <0.05) of AFB; in the efflux ratio fol-
lowing the incubation with Ko143, a specific BCRP inhibitor, and sodium fluoride, confirming the association of BCRP in
AFB, efflux transport across the cells. Pre-incubation with green tea and gallate catechins (ECG and EGCG) significantly
reduced the efflux ratio of AFB, (p <0.05) and significantly increased the intracellular H33342 substrate (p <0.05) in
Caco-2 cells, clearly indicating the inhibitory effects of green tea and gallate catechins on BCRP function. Further study on
H33342 accumulation revealed a dose-dependent increment of intracellular H33342 when co-administered with increasing
concentrations of AFB,. This result implied a possible role of AFB; as a BCRP competitive inhibitor. The findings from this
study concluded the roles of BCRP as an efflux transporter for AFB; and could be modulated by the exposure of green tea
catechins. Owing to a reduction of its efflux, an inhibitory effect of BCRP when pre-exposed with green tea catechins could
be crucial for AFB, cellular accumulation.
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foodstuffs especially corn, in which was found the highest
level of 970.32 pg/kg in China [2]. It can be converted by
cytochrome P-450 enzyme systems into AFB,; 8,9-exo-epox-
ide which is highly reactive and unstable. Chronic exposure
of AFB, is found to be associated with gene mutation, hepa-
totoxicity and hepatocellular carcinoma (HCC) in animals
and humans [1, 3]. Following oral ingestion, AFB; is readily
absorbed in the gastrointestinal tract by passive diffusion
and membrane transport proteins play a fundamental role in
the cellular accumulation and toxicity of the toxin. A pre-
vious study reported that systemic exposure of AFB,; was
restricted through the function of breast cancer resistance
protein (BCRP/ABCG?2) efflux pump by decreasing its cel-
lular accumulation in MDCKC-II cells transduced with BCRP,
rendering the protection of the body against the dietary car-
cinogens [4].

Breast cancer resistance protein is the membrane trans-
porter protein in the ATP-binding cassette (ABC) family
which expresses in the apical side of the epithelium in the
small intestine and colon and plays a critical role in the efflux
of both endogenous compounds and exogenous compounds.
So that, BCRP takes part in the absorption and elimination
of some water insoluble or low water-soluble drugs as well
as toxins [5].

Seeing that there is an increasing trend for natural prod-
uct consumption, natural substances such as flavonoids have
been studied for their interactions with drugs and toxins.
Some of them can inhibit or induce phase I and/or phase
IT metabolism enzymes that may increase drug toxicity or
decrease drug efficacy [6] while some of them can interact
with transport proteins and interfere with drug accumulation
[7]. The structure—activity relationship study also confirmed
an inhibitory effect of some flavonoids on BCRP activity
that may alter the absorption of BCRP substrates as well [8].

One of the major flavonoid sources which is consumed
worldwide is green tea. Most flavonoids in green tea are
characterized as catechins or flavan-3-ols that can be divided
into four major types including (—)-epicatechin (EC),
(—)-epicatechin gallate (ECG), (—)-epigallocatechin (EGC)
and (—)-epigallocatechin gallate (EGCG). Apart from cat-
echins, quercetin is also a major constituent in green tea [9].
Not only does it have beneficial effects on many diseases
such as cardiovascular disease, diabetes, neurodegenerative
diseases, liver disease, anti-inflammation, skin irritation and
cancer [10, 11], but catechins have also been proved as a
BCRP inhibitor that may lead to an improvement in the bioa-
vailability of some medicines especially chemotherapy [12].

However, there is no evidence regarding the influence of
green tea catechins on BCRP activity that may lead to the
accumulation of some toxins, especially AFB, inside the
cells and potentiate the toxicity from AFB,; to human health.
Therefore, the aim of this study was to investigate the efflux
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of AFB, via BCRP transporting protein in Caco-2 cells and
the effect of green tea catechins on BCRP function.

Materials and methods
Materials

All the chemicals, unless otherwise specified, were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Caco-2
cells (HTB-37™) were obtained from American Type
Culture Collection (Manassas, VA, USA). Dulbecco’s
Modification of Eagle’s Medium (DMEM), Fetal bovine
serum (FBS), Penicillin—Streptomycin, Trypsin—EDTA and
Phosphate-Buffered Saline (PBS, 1X) were purchased from
Mediatech Inc (Manassas, VA, USA).

Caco-2 cell culture

Caco-2 cells were grown in DMEM supplemented with 10%
FBS, 1% Penicillin/Streptomycin in 75-cm? tissue culture
T-flasks at 37 °C in a humidified 5% CO, atmosphere. The
culture medium was changed every 2-3 days. Caco-2 cells
(passage 45—-60) were seeded onto 24-Transwell plates for
AFB, efflux test or 24-well plates for H33342 accumulation
assay for 14 days.

Caco-2 cell permeability and cell viability assays

For the permeability test, phenol red was used as a paracel-
lular transport marker to test the integrity of Caco-2 cells
monolayers [13]. Phenol red solution was added into the
apical side of the cell culture insert and incubated for 4 h.
Cell culture medium from the basolateral side was col-
lected and determined at 560 nm using a microplate reader
and %Permeability of Caco-2 cells was calculated based
on the amount of phenol red capable of passing through
the insert. The procedure was repeated every 2-3 days (day
0—day 10).

For cell viability assays, sulforhodamine B colorimetric
assay (SRB) assay was used to measure cellular protein con-
tent by binding to the protein in viable cells and reflex the
cell viability [14]. Caco-2 cells (10,000 cells/well) were cul-
tured for 2 days and then treated along with test compounds
for 2 days with 0.5% DMSO as a control. After that, the cells
were fixed with 100 pl iced-cold 10% Trichloroacetic acid
and incubated at 2—8 °C for an hour. The plate was washed 4
times with deionized water and placed at room temperature.
Next, 50 ul of 0.4% SRB in 1% acetic acid was added and
left at room temperature for 30 min. The plate was quickly
rinsed 4 times with 1%acetic acid and left overnight. The
cells were then solubilized with 200 ul of 10 mM Tris base
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(pH 10.5). The plate was later shaken for 15 min and the
absorbance was measured at 540 nm.

Hoechst33342 (H33342) accumulation assay

H33342, a fluorescent dye, was used as a BCRP substrate to
assess the activity of BCRP in Caco-2 cells [15, 16]. Prior
to the accumulation assay, 3 X 10° cells/mL of Caco-2 cells
were subcultured into a 24 well-plate for 14 days. In case
of the addition of green tea and catechins, they were pre-
incubated for 2 days. After that, cell culture medium was
removed and replaced with or without Ko143 in the pres-
ence or absence of sodium fluoride (NaF) for an hour. Then
20 uM of H33342 was diluted by cell culture medium and
treated with or without AFB, for an hour. Caco-2 cells were
washed twice with 1 mL of ice-cold PBS and lysed with
500 l of cell lysis buffer (0.1% Triton-X solution in 0.3%
NaOH). The amount of intracellular dye was measured at
370 nm (excitation) and 450 nm (emission) by a fluorescence
spectrophotometer.

AFB, efflux test and analysis by HPLC

Caco-2 cell suspension (1 X 10° cells) were seeded on the
apical side of the cell insert with the blank media in the
basolateral side. Cell culture medium in both sides was
replaced every 2-3 days. In case of the addition of green tea
and catechins, they were incubated for 2 days. To perform
the efflux test, the cell culture medium was removed and
replaced with new medium with or without Ko143 in the
presence or absence of NaF for an hour prior to the addition
of AFB,; (400 ng/mL final concentration) onto the apical
side of the insert. Sample mediums in both the apical and
basolateral sides were collected at 4 h after adding AFB,.
The AFB, sample was extracted by Solid Phase Extraction
(SPE) column, evaporated by N, gas and derivatized with
trifluoroacetic acid. The supernatant was centrifuged and
detected by HPLC with fluorescence detector (4., =360 nm,
Aem =440 nm). The efflux ratio of AFB, was calculated by
the apparent permeability coefficients (Papp) values in the
basolateral to apical (B to A) direction versus Papp in the
apical to basolateral (A to B) direction [17].

Statistical analysis

Data was statistically analyzed using the IBM SPSS Sta-
tistics program version 19. All results were expressed as
mean =+ standard deviation (SD). The data was analyzed by
one-way ANOVA followed by Dunnett’s post hoc test for
parametric results and the Kruskal-Wallis Test for non-
parametric results.

Results
Caco-2 cell permeability and cell viability assays

Caco-2 cells were initially tested for cellular integrity of
tight junction prior to the evaluation of AFB, transport
across the cells. Following the incubation with phenol red
(day 0, 2, 5, 7 and 10), the ratio of phenol red permeation
considerably decreased from 97.1 to 21.8% from day 2
to day 7 and constantly stayed at a low level until day 10
(Fig. 1a). This could be presumed the readiness of the
Caco-2 cell model for the transport of AFB, in this study
when cultured for up to 10 days.

AFB, toxicity against Caco-2 cells were also tested. At
the concentration up to 1000 ng/mL, AFB, did not cause
the decrease of Caco-2 cell viability compared to a nega-
tive control. Likewise, 100 uM Ko143, 1 mg/mL of green
tea infusion, 50 uM quercetin and each catechins (EC,
ECG, EGC and EGCG) also did not decrease Caco-2 cell
viability (Fig. 1). In this study, each catechins in 1 mg/
ml of green tea infusion detected by HPLC were about
10-600 uM (Data not shown). Therefore, theses concentra-
tions of tested compounds were then selected for further
experiments to avoid cytotoxic effects on Caco-2 cells.

H33342 accumulation assay

The detection of a fluorescence signal following the
incubation of H33342 with Caco-2 cells could represent
as passing through and detaining of the dye to be accu-
mulated inside the cells. A low fluorescence signal was
detected when H33342 alone was incubated with Caco-2
under normal culture conditions. The addition of Ko143,
a selective BCRP inhibitor, led to a slight increase of
the fluorescence signal. However, when Ko143 was co-
incubated with sodium fluoride, an esterase inhibitor,
H33342 accumulation was significantly enhanced regard-
ing the increased concentrations of NaF (1 mM and 5 mM)
(Fig. 2a), implying the presence of BRCP on Caco-2 cells
and the involvement of BCRP in H33342 accumulation.
The increased concentration of Ko143 (1-100 uM) in the
presence of NaF showed a dose-dependently inhibition of
BCRP function as determined by the increased accumula-
tion of H33342 and reached a significant level at 10 and
100 mM (Fig. 2b). To verify the role of BCRP on AFB,
efflux, 400 ng/mL AFB, was added into Caco-2 cells in
the presence of H33342. An elevated fluorescence signal
of H33342 accumulated inside Caco-2 cells was detected
and the signal was even higher with the addition of NaF
(Fig. 2c). Further results on varied concentrations of AFB,
confirmed the competition between H33342 and AFB, to
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Fig. 1 a Percentage of permeability of phenol red across Caco-2 cells
cultured on transwell inserts from day O—day 10 (n=4). b Caco-2 cell
viability test by SRB assay after adding 1000 ng/mL AFB,, 100 uM

be transported out of the cells when the concentration of
AFB, was increased (100-1000 ng/mL) (Fig. 2d). These
results indicated a competitive inhibition of AFB, with
BCRP substrate H33342.

Furthermore, the accumulations of H33342 in Caco-2
cells were significantly elevated when pre-incubating with
1 mg/mL green tea infusion, 50 uM ECG and 50 yM EGCG
for 2 days compared with the control group (p <0.05 for
green tea infusion and p <0.001 for ECG and EGCG)
(Fig. 2e). However, 50 uM EC and EGC slightly increased
the accumulation but did not reach the significant level
(p>0.05).

AFB, efflux test and analysis by HPLC

For the determination of AFB,, culture medium was col-
lected, extracted via the SPE column and analyzed by HPLC.
The actual concentration of AFB; was calculated based on
the comparison with a standard curve of standard AFB,
(2—400 ng/mL) constructed by the same sample preparation
procedure.
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EGCG Quercetin Green tea

Ko143, 50 uM of each catechins, 50 uM Quercetin and 1 mg/mL
green tea infusion for 2 days (n=6-8). 0.5% H,O, was used as a posi-
tive control. Data is presented as mean +SD (*p <0.001)

The efflux ratio of AFB, (Papp B to A per Papp A to
B) when 10 uM Ko143 plus 5 mM NaF (BCRP inhibitor)
were added declined significantly (p < 0.05) compared to the
corresponding control (Fig. 3a, b). For green tea catechins
exposure, pre-incubating with 1 mg/mL green tea infu-
sion, 50 pM ECG, EGC and EGCG for 2 days significantly
reduced the efflux ratio (p <0.001). Similarly, pre-incubating
with 50 uM EC significantly reduced A/B ratio (p <0.05)
(Fig. 3¢). The result substantiated the effect of green tea
catechins on the inhibition of BCRP activity.

Discussion

Caco-2 cells are an epithelial like cell that developed from
human colorectal adenocarcinoma. Caco-2 cells also express
many transporting proteins including BCRP that can trans-
port both endogenous and exogenous substances out of the
cells so they were used for testing drugs as a substrate of
many efflux proteins [18, 19]. In this study, Ko143 was used
as a BCRP inhibitor due to its specificity to BCRP and low
toxicity [20]. However, Caco-2 cells have a high expression
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of carboxylesterase-1 (hCE-1) [21] which is a major enzyme
to metabolize Ko143 (an ester form) to an inactive form
(an acid form) [22]. Accordingly, NaF (an esterase inhibi-
tor) was added with Ko143 to prevent the metabolism and
maintain the level and activity of Ko143 throughout the test
period [20]. The current study showed that NaF can increase
an efficacy of Ko143 as a BCRP inhibitor in both H33342
accumulation assay and the AFB, efflux test. This is the first
study reporting on the effectiveness of NaF as an esterase
inhibitor combined with Ko143 in cell culture.

The main goal of the current study was to determine
the permeability and efflux of AFB, via BCRP transport-
ing protein in Caco-2 cells. From the AFB, efflux test, a
decrease of AFB, in apical side when Ko143 plus NaF were
added convinced that AFB, is a substrate of BCRP. This
finding confirms the association between AFB; and BCRP
that was reported in previous research about a reduction of
systemic exposure of 2 uM AFB, by BCRP [4]. Apart from
a BCRP substrate that was proved, it can be inferred about a
competitive inhibition of AFB; when co-administered with
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tea infusion, 50 uM quercetin and each catechins (n=4-6). Data is
presented as mean=+SD compared to control (¥*p<0.05, **p<0.01,
*#%p <0.001)

H33342, BCRP substrate. A dose-dependent inhibition of
AFB, assure its role as a substrate for BCRP as well.

As mentioned in the literature review, numerous flavo-
noids were investigated as bifunctional modulators of drug
efflux in the MDR cell. They can partly bind to both ATP
and the steroid binding site of ABC transporting proteins
[23]. Regarding BCRP, quercetin which is the major flavonol
in green tea [9] is a notable example of a BCRP inhibi-
tor [24, 25]. Nonetheless, quercetin has been reported as
having an inductive effect on BCRP. It can increase both
mRNA and protein expression via interaction with the anti-
oxidant response element (AREs) in the promotor of target
genes [26]. Astonishingly, quercetin could neither induce
nor inhibit BCRP activity of both H33342 and AFB; in this
study. Owing to the inconclusive results, it may be caused by
the difference of material used; dose, time of administration
and type of cell or tissue [27].

In this study, green tea and gallate catechins (ECG and
EGCG) could significantly inhibit BCRP activity in both
H33342 and AFB, substrates. This finding corresponded
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with the previous evidence that EGCG was able to down-
regulate BCRP activity in a tamoxifen (BCRP substrate)
resistant MCF-7 cell line [28].Gallate catechins in green
tea also had an ability to inhibit the BCRP function when
co-administered with mitoxantrone. The hydrophobic prop-
erty was considered to be crucial for the BCRP inhibitory
activity of catechins [12]. In contrast, an activity of non-
gallate catechins (EC and EGC) seems to be indecisive.
They could inhibit an efflux of AFB, but did not significantly
effect H33342 accumulation. Nevertheless, another previous
research disputed that four green tea components at 50 pM
did not show an inhibitory effect on the uptake of Dasatinib
in BCRP-overexpression cells [24]. The structure—activity
relationship (SAR) study explained an inhibitory effect of
flavonoids to BCRP protein, likewise [8]. It is believed that
strong a BCRP inhibitory structure should have a double
bond between position 2 and 3, a methoxy or hydroxy group
at position 5 and a methoxy group in position 3. All cat-
echins structures conversely, do not have these three com-
ponents but just gallate catechins containing gallate moisty
at position 3 which might play a key role in inhibiting the
BCRP function more than the hydroxyl group of non-gallate
catechins [8].

Ultimately, these findings make several contributions to
the current literature. First, it confirms an intestinal efflux
of AFB, via BCRP and an implication of these findings is a
competitive inhibition of AFB; when co-administered with
BCRP substrate. Second, this research extends our knowl-
edge of green tea catechins especially gallate catechins as
a BCRP inhibitor. Exposure of green tea catechins could
potentially affect cellular accumulation of AFB, due to a
reduction of its efflux. Even though, the findings of this
study have several important implications for future practice,
in vivo study is still necessary to verify this effect within
the organism. Not to mention, chronic exposure of green
tea might interfere with an excretion of other mycotoxins
or toxic substances. This is an important issue for further
research.
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