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Influence of quercetin, a flavonoid on the effect of y& T cells and Wnt/p-
catenin signalling pathway in human colon cancer cells (HT55 and HCT116)
was investigated. Quercetin at 15-120 uM was observed to markedly reduce
the viability of HT55 and HCT116 cells. Quercetin exposure significantly
increased y6 T cell proliferation and also raised the expressions of granzyme B
(Gra B), perforin (PFP), and interferon- y (IFN-y) in y0 T cells. Reduced p-
catenin expression with increased expressions of phosphorylated- p-catenin,
axinl and 2 were observed in HT55 and HCT116 cells on exposure to
quercetin. However -actin expression was found to be not much altered. The
results suggest that quercetin was able to efficiently potentiate the effect of yd
T cells and modulate Wnt/ B-catenin signalling pathway.

Introduction

Colon cancer has multiple transition steps due to the
accrual of genetic errors in genes involved in apoptosis
and cell proliferation (Davies et al., 2005; Watson, 2006).
The most frequent cause is the dysregulation of Wnt/ p-
catenin signalling pathway that plays a vital role in
normal cellular responses and in tumorigenesis (Logan
and Nusse, 2004; Clevers, 2006). Genetic defects that
lead to aberrant activation of Wnt/p-catenin signalling
are reported in over 90% of sporadic colon cancer cases
(Miyaki et al., 1994; Klaus and Birchmeier, 2008). (-
catenin is a key effector that determines the activity of
Wnt/p-catenin signalling. Upon activation of Wnt
signal, -catenin translocates into the nuclear region
and forms a ternary complex with transcription factors
- T-cell factor/ lymphoid enhancer factor to activate
genes involved in cell proliferation (Reya and Clevers,

2005; Espada et al., 2009).

The crucial role of y6 T cells in immune regulation,
antitumor immunosurveillance and primary immune
response has been recognized (Born et al., 2006). y6 T
cells have been reported to exhibit potent MHC
unrestricted lytic activity against various tumor cells in
vitro, which strongly suggests that yd T cells could be
used in anticancer immunotherapy. Previous observa-
tions have recently aided the development of novel
immunotherapeutic approaches aimed at y6 T cell
activation (Zhu et al., 2013).

Studies have reported that consumption of fruits and
vegetable may decrease the risk of cancer and
immunodysfunctions (Block et al., 1992; Joshipura et al.,
2001). Much of the health effects of fruits and vege-
tables have been attributed to phytochemicals as
flavonoids (Ames et al., 1993; Boyer et al., 2004).
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Quercetin, a flavonoid, is abundantly present in various
fruits, vegetables, seeds, nuts, tea and red wine. The
antiproliferative efficacy of quercetin has been reported
previously (Kang and Liang, 1997; Boyer et al., 2004;
Suh et al., 2010). The influence of quercetin on y6 T cells
and on the Wnt/p-catenin signalling pathway in
human colon cancer cells was investigated in the study.

Materials and Methods

Antibodies and reagents: Human Colon Cancer cell lines -
HT55 and HCT116 were obtained from Sigma-Aldrich,
St. Louis, MO, USA. Monoclonal antibody fluorescein
isothiocyanate (FITC)-conjugated anti- TCR y6, phyco-
erythrin (PE)-conjugated-anti-Granzyme B (GraB), PE-
conjugated anti-perforin (PFP), APC conjugated anti-
IFN-y and control IgGs, mouse anti- B catenin, mouse
anti-p-actin were purchased from BD Biosciences.
Rabbit anti-p-p-catenin (S45) was from Cell Signaling
Technology, Danvers, MA, USA. Rabbit- anti-axin1, anti
-axin2 and recombinant human interleukin-2 (rhIL-2)
were purchased from Sigma-Aldrich, St. Louis, MO,
USA. All other chemicals used in the study were
purchased from Sigma-Aldrich, USA unless otherwise
mentioned.

Cell wviability assay: The cell viability assay was
performed as previously described (Pan et al., 2010;
Zheng et al., 2010). The human colon cancer cells were
seeded in 96-well microplates (2 x 105 cells/well). After
the cells reached 70% confluence, the cells were treated
with quercetin (15, 30, 60 and 120 uM) and 50 pM, 5-
fluorouracil (5-Fu) as positive control for 72 hours. The
final concentration of DMSO in culture medium was
maintained at 0.05% (Jaramillo et al., 2010; Pan et al,,
2010). After 72 hours of incubation, 10 pL of MTT (5
mg/mL) in PBS was added to each well at a final
concentration of 0.5 mg/mL and incubated for 4 hours.
The supernatant was discarded and 100 pL of a solution
containing 10% SDS (pH 4.8), HCI (0.01 M) and 5%
isobutyl alcohol was added to each well and mixed
thoroughly to dissolve the formazan crystals. Cell viabi-
lity was measured by reading the absorbance at 570 nm
using an enzyme-linked immunosorbent assay (ELISA)
reader (RT6000, Guangdong, China). Viability was
expressed as a percentage of absorbance values in
treated cells to that in control cells:

cell viability (%) = ODest/ ODcontrol X 100%

Expression of GraB, PFP and IFN-y: Purified human
peripheral blood mononuclear cells (PBMCs) were
incubated in RPMI1640 medium supplemented with
100 mL/L fetal calf serum, 50 mL/L human AB serum,
2 pg/L isopentenyl pyrophosphate (IPP) and 100 IU/
mL rhiIL-2, for 10 days at 37°C with 5% CO,. At the end
of incubation period, the cells were harvested and
purified populations of the y6 T cells were obtained by

staining with anti-TCRy6-FITC and goat anti mouse-
IgG1, x FITC that served as isotype control. The stained
cells were analyzed by flow cytometry. Cell viability
was determined using trypan blue exclusion.

Purified y& T cells were plated in 6-well plates at a
density of 1x10¢ cells/mL (3 mL/well), incubated in a
humidified 5% CO, incubator at 37°C for 24 hours, and
then incubated in the presence of quercetin at concen-
trations of 15-120 uM at 37°C, 5% CO: for 48 hours. The
cells were collected by centrifuging at 2000 rpm for 5
min, washed with PBS, and the concentration was
adjusted to 1x10% cells/mL for subsequent immuno-
fluorescent staining. Twenty microliters of anti-TCR-yd
FITC was added to each well, where y0 T cells in 50 pL
of medium contained 0.1% azide. They were mixed
thoroughly and incubated for 30 min in the dark at 4°C.
One hundred microliters fixation buffer was added to
each well followed by incubation in dark at 4°C for 15
min, washed with PBS twice, and centrifuged for 5 min
at 1500 rpm. The supernatants were discarded. The cells
were permeabilized with 100 pL 0.5% saponin and
stained either with PE-anti-PFP antibody or PE-anti-
GraB antibody, or their PE-IgG istotype control anti-
body. The cells were incubated in dark at 4°C for 15
min followed by addition of 3 mL PBS and centrifuged
at 2000 rpm for 5 min. The cells were resuspended in 0.5
mL of PBS and finally analyzed for GraB and PFP by
flow cytometer.

The cultured yd T cells after incubation with quercetin
were stained with FITC-anti-TCRy0 antibody followed
by fixation and permeabilization for intracellular IFN-y
staining using APC-anti-IFN-y. APC-conjugated mouse
IgGl was used as an isotype control. Gating was
performed on y6 T cells and the percentage of IFN-y
producing cells was calculated.

Western blotting: The human colon cancer cells HT55
and HT116 were incubated with quercetin (30-120 pM)
as described in cell viability assay. Total cell lysates
followed incubation with quercetin was prepared in
RIPA buffer (50 mM Tris-HCI pH 8.0, 150 mM NaCl,
1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS). Pro-
tein concentration was determined and equal amount of
protein samples were subjected to 8-13% SDS-PAGE.
Separated proteins were transferred to PVDF mem-
branes (Millipore, Bedford, MA, USA). After blocking
for 1 hour at room temperature in 5% bovine serum
albumin in PBS-Tween 20, membranes were probed
overnight at 4°C with the following antibodies: mouse
anti-fB catenin, mouse anti-B-actin, rabbit anti-p-p-
catenin (545), anti-axinl, anti-axin2. The membranes
were incubated with corresponding secondary anti-
bodies for 2 hours at room temperature, and later
visualized with an enhanced chemiluminescence (ECL)
detection kit (Lab Frontier, Suwon, Korea). The blots
were analyzed by LAS4000 (Fuji Film Corp., Tokyo,
Japan). Band intensity was measured using Image]
software (National Institute of Health, USA).



Bangladesh ] Pharmacol 2015; 10: 251-259 253

LDH release assay: Purified y6 T cells cultured for 10
days were plated in 6-well plates in quintuplicate at a
density of 1x10¢ cells/mL (3 mL/well), placed in a
humidified 5% CO; incubator at 37°C for 24 hours were
incubated with quercetin (15-120 pM) at 37°C, 5% CO»
for 48 hours. The cells incubated in the absence of
quercetin served as the control group. yd T cells that
have been pretreated or not with quercetin were resus-
pended at the final concentration of 2x109 cells/mL, and
100 pL was then added to round-bottom polystyrene
tubes together with human colon cancer cells (100 pL).
The cells were incubated for 6 hours at 37°C, in 5% CO,,
and then centrifuged at 1500 rpm for 10 min. Super-
natants were collected.

LDH leakage was assessed with an LDH assay kit
(Jiancheng BioEngineering, Nanjing, China). Briefly, 20
ul of culture supernatants after different treatments and
incubation were used for the leakage analysis according
to the manufacturer instructions as described previous-
ly (Yu et al.,, 2009). The absorbance was read at 450 nm
and LDH activity was expressed as units per liter (U/
L). LDH activity (U/L) = (ODtest - ODcontrol) / (ODstandard -
ODblank) X Cstandard X Ndilution factor X 1000.

Statistical analysis: Data are expressed as mean * SD
from at least three independent experiments. One-way
analysis of variance (ANOVA) at p<0.05 was consider-
ed statistically significant. The statistical analyses were
performed using SPSS 17.0 software.

Results

The effects of quercetin at different concentrations (15-
120 pM) on yd T cells and on colon cancer cells (HT55

and HCT116) were assessed. In cancer immunotherapy,
repetitive stimulation of y6 T cells is crucial for
comparatively extended series of treatments. Thus in
this study the effect of quercetin on the reactivity of yo
T cells was evaluated. Quercetin induced a dose
dependent proliferation of yd T cells after 48 hours of
exposure. Cell proliferation increased from 16.7% in
control culture (not exposed to quercetin) to 46.8% at 30
uM. Quercetin at a concentration of 120 uM resulted in
significant (p<0.05) raise in cell proliferation to 61.8%
(Figure 1).

The growth modulating effects of quercetin in colonic
cancer cells was evaluated by MTT assay. The prolifer-
ation of cancer cells was significantly (p<0.05) inhibited
in dose dependent manner upon incubation with
quercetin for 72 hours (Figure 2). Exposure to 15 pM
quercetin evidenced a decline in cell viability though
not significant as compared to control cells that were
not exposed to quercetin. The cell viability was obser-
ved to be 82.1% in HCT116 cells and 83.1% HT55 on
exposure to 15 uM quercetin. The decrease in cell
viability was found to be nearly 2 folds in HT55 and
HCT116 cells on incubation with 60 pM as against
control. Sharp decline in cell viability was observed in
cancer cells that were exposed to 5-FU. Incubation with
120 uM quercetin resulted in a significant drop in
viability percentage closer to standard anti-cancer agent
5-FU.

Exposure to quercetin for 48 hours was observed to
significantly (p<0.05) increase the expression of GraB
and PFP in a dose dependent manner as compared with
the control group, yd T cells that were not cultured with
various concentrations of quercetin (Figure 3).

The percentage of PFP positive y0 T cells increased
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Figure 1: Effect of quercetin on the proliferation of yo T cells

Values are represented as mean * SD; n=3; arepresents p<0.05 compared with control as determined by one-way-ANOVA
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Figure 2: Effect of quercetin on the viability of colon cancer cells

Values are represented as mean * SD; n=3; arepresents p<0.05 compared with control as determined by one way-ANOVA
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Figure 3: Effect of quercetin on GraB and PFP expression of y0 T cells

Values are represented as mean * SD; n=3; arepresents p<0.05 compared with control as determined by one way-ANOVA

from 39.5% in the control cells to 70.1% in the cells
exposed to quercetin at 120 pM. Exposure to quercetin
at 60 uM resulted in 2 fold increase in PFP expression.

The expression of GraB in the yo T cells on incubation
with various concentrations of quercetin evidenced
marked raise in the levels of GraB expression. The
concentration of 120 pM was observed to produce
81.2% raise as compared to control groups. In the cells
exposed to 15 pM, raise in GraB expression was
observed to be insignificant. Higher concentrations
above 30 pM displayed higher expression of the GraB

than 15 pM group. The percentage of GraB positive yd
T cells increased from 50.8% in the control cells to 75.9%
in cells treated with 60 uM quercetin (Figure 3).

The percentage of IFN-y producing y6 T cells was
found to be highest at the concentration of 60 pM
quercetin whereas as at 120 M quercetin concentration,
the expression of IFN-y was slightly lesser. However,
significant raise (p<0.05) in the percentage of IFN-y
producing yo T cells was presented on incubation with
30 uM and higher concentrations as compared against
control cancer cells. IFN-y producing y6 T cells increa-
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Figure 4: Effect of quercetin on IFNy expression of yd T cells

Values are represented as mean * SD; n=3; arepresents p<0.05 compared with control as determined by one way-ANOVA
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Figure 5: Influence of quercetin on the effect of yd T cells on HT55 and HCT116 cells

Values are represented as mean * SD; n=3; *represents p<0.05 compared with control as determined by one way-ANOVA

sed from 47.1% at 15 pM to 70.1% at 60 uM (Figure 4).

The effect of quercetin at various concentrations on the
cytotoxicity of yO T cells against colon cancer cells were
analyzed by LDH release assay. Incubation with
quercetin resulted in a significant raise in the cytotoxic
potency of y6 T cells which increased with increasing
concentration of quercetin from 15 pM to 120 pM
(Figure 5). Quercetin at 15 pM resulted in increase in
the release of LDH in HT55 and HCT116 cells. This
indicates marked (p<0.05) increase in the cytotoxic
activity of y0 T cells when exposed to 30 pM quercetin.
The LDH activity raised 2-folds in the media suggestive

of loss of membrane integrity. yd T cells incubated with
120 pM quercetin showed the highest cytotoxic activity
as evidenced by the marked increase in the LDH release
to the culture media.

Since P-catenin is a key effector that determines the
activity of Wnt/{-catenin signalling pathway and also
as phosphorylation regulates -catenin degradation, the
expression of PB-catenin and phosphorylated p-catenin
was assessed. Western blot analysis revealed increase in
the phosphorylated forms of P-catenin in contrast to
total B-catenin levels in a dose-dependent manner. This
demonstrated that quercetin increased phosphorylation
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Figure 6: Western blot analysis of Wnt/ f-catenin signalling pathway proteins

(A) HT55 cells. (B) HCT116 cells. Lane 1- 4: Concentration of quercetin in pM

of P-catenin and ensuing degradation in the colon
cancer cells (Figure 6).

The expression of axinl and axin2 were assessed in
HT55 and HCT116 cells. These results revealed that
quercetin up-regulated axin levels. The up-regulation
was the highest with 120 uM quercetin (Figure 6).
Exposure to various concentrations of quercetin did not
induce any significant change in the expressions of p-
actin in both HT55 and HCT116 cells as compared to
control cells that were not exposed to quercetin.
Though quercetin at 60 and 120 uM slightly raised the
expression levels of actin, marked increase was not
observed.

Discussion

Natural products such as flavonoids have been
reported to possess many health benefits including
antioxidative, hepatoprotective, cardioprotective and
anti-tumoral effects (Sies, 2010). Flavonoids can affect
the overall process of carcinogenesis by several
mechanisms, as antioxidant activities (Duthie and
Dobson, 1999), activation of caspase-9 and caspase-3
(Ren et al., 2003), and general inhibitors of cytokine-
induced gene expression (Gerritsen, 1998). In the
present study, the influence of quercetin on the effect y
T cells and on Wnt/p-catenin signalling pathway was
studied.

y6 T cells are widely distributed in the various tissues
of the body. The cells have antigen recognition
properties and effect the regulation of immune
response through cell contact dependent mechanism
and secretion of cytokines (Uchida et al., 2007).
Previous studies have reported that y6 T cells cultured
from human peripheral blood may be vital in anticancer
surveillance (Campillo et al., 2007).

In the present study, incubation with quercetin (15-120
pM) induced a dose dependent proliferation to yo T
cells after 48 hours of exposure. Higher (120 pM)
concentration of quercetin resulted in a multi-fold raise
in the proliferation of y6 T cells. The results suggest that
proper concentrations of quercetin could promote
proliferation of y6 T cells that can augment immune
responses against cancer cells.

PEP plays a crucial role in cell apoptosis mediated by T
lymphocyte (Hayashida et al., 2000); nevertheless, it is
granzyme which is the actual killer of target cells
(Konno et al, 1999). Perforin/granzyme-induced
apoptosis is the main pathway through which the
cytotoxic lymphocytes mediate antitumor immunity.
Once the T cells kill the target cells, the PFP bores a hole
in the target cell wall following which Granzyme
degrades DNA inducing apoptosis of target cells
(Berke, 1997). Granzyme B is the most important
granzyme in apoptosis and it can induce target cell
apoptosis through caspase activation, direct cleavage of
specific intracellular substrates, and induction of
mitochondria damage as well (Heibein et al., 1999;
Barry and Bleackley, 2002; Lieberman, 2003; Koning et
al.,, 2009). The results of the present investigation
showed that the expression of granzyme B and PFP on
y6 T cells incubated with quercetin increased markedly
in a dose dependent way in line with significant raise in
Y6 T cells thus suggesting that quercetin can enhance
anti-tumor effect through immunoregulation.

Previous studies have demonstrated different pathways
through which y& T cells may exert anticancer effects
including direct killing of transformed cells and early
IFN-y production. Incubation of y& T cells with
quercetin evidenced significant elevation in IFN-y
expression that was observed to increase with concen-
tration of quercetin. It could be suggested that quercetin
also enhances the activity of y& T cells by increasing
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IFN-y production.

In addition, the cytotoxicity of y6 T cells pretreated
with different concentrations of quercetin for 48 hours
on colon cancer cells (HT55 and HCT116) was analyzed
by LDH release assay. The results indicated that quer-
cetin could enhance the cytotoxic activity of yo T cells
simultaneously with the gradual increase in concentra-
tion. Thus, quercetin efficiently increases the potency of
y6 T cells on human colon cancer cells through increa-
sing y0 T cell proliferation and by up-regulating the
expression of Granzyme B, PFP and IFNy.

Improper activation of Wnt/p-catenin signalling path-
way has been demonstrated as the best characterized
mechanism of carcinogenesis in colon cancer. It is well
recognized that the constitutive Wnt signaling is
essential for the survival of colon cancer cells, and
repression of the Wnt signaling pathway could result in
cancer cell growth inhibition (Verma et al., 2003). The
effect of quercetin on the Wnt/f-catenin signalling
pathway components was studied. Wnt signaling path-
way is a vital pathway involved in regulating cell proli-
feration, differentiation and morphogenesis in different
organs (Reya and Clevers, 2005). In colon cancer, the
functional APC complex involved in p-catenin degrada-
tion is disrupted due to mutations in APC or p-catenin
(Barker and Clevers, 2006; Klaus and Birchmeier, 2008)
that results in nuclear accumulation of p-catenin,
leading to transcription of various genes associated
with cell proliferation and survival. Thus, the identifica-
tion of novel inhibitors of Wnt/p-catenin signaling has
received much attention as a potential new means to
regulate and prevent colon cancer.

Quercetin (15-120 pM) reduced the cell viability of the
colon cancer cells, HT55 and HCT116. The cell viability
reduced with a gradual increase in concentration of
quercetin. The results of the western blotting analysis
revealed that incubation with various concentrations of
quercetin modulated the expressions of P-catenin and
phosphorylated forms of P-catenin in the HT55 and
HCT116 cells. The expression of P-catenin decreased
with elevated expressions of phosphorylated forms of
-catenin. Decrease of [-catenin expression would
decrease transcription of cell survival and cell prolifer-
ation related genes. The expression of axinl and axin2
were also observed to be elevated. These findings
suggested that quercetin may possibly up-regulate
phosphorylation of {3-catenin by increasing axin levels
and thus regulate the Wnt/B-catenin signalling path-
way.

The results of the study were in line with previous
studies of other flavonids like fisetin. Fisetin was
reported as an inhibitor of Wnt/{-catenin signalling
(Syed et al., 2011). Apigenin (40 pM) reduced the levels
of P-catenin and Dsh proteins and accelerated the
degradation of P-catenin in the first two hours of

treatment promoting cell cycle arrest in breast cancer
cells (Song et al., 2000; Landesman-Bollag et al., 2001).
EGCG (epigallocatechin gallate) was found to inhibit
Wnt signalling in a dose dependent manner in, lung
cancer, breast cancer, colon cancer and in normal cells
where Wnt signaling was hyper -activated (Dashwood
et al., 2002; Kim et al., 2006; Mount et al., 2006; Pahlke et
al., 2006; Gao et al., 2009).

From the above observations it could be concluded that,
quercetin could effectively aid in immunotherapy of
cancer through augmenting y6 T cells and by regulating
Wnt/ B-catenin signalling pathway.
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