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Abstract: Tea polyphenols are functional substances present in tea. Kuding tea as a
traditional drink also contains these compounds. After 25, 50 and 100 pg/mL of Kuding tea
polyphenol treatment for 48 h, cell proliferation of human buccal squamous cell carcinoma
cell line BcaCD885 was inhibited, and the 100 pg/mL of Kuding tea polyphenol showed
the highest inhibitory rate at 72.3%. Compared to the lower concentration, the 100 pg/mL
of Kuding tea polyphenols significantly (p < 0.05) induced apoptosis as determined by
flow cytometry analysis, the content of sub-G1 cancer cells was 32.7%. By RT-PCR and
western blot assays, Kuding tea polyphenol significantly induced apoptosis in BcaCD885
cancer cells (p < 0.05) by upregulating caspase-3, caspase-8, caspase-9, Fas/FasL, Bax,
p53, p21, E2F1, p73 and downregulating Bcl-2, Bel-xL, HIAP-1, and HIAP-2 mRNA and
protein expressions. Kuding tea polyphenols thus present apoptosis inducing effects in vitro.

Keywords: Kuding tea; polyphenols; apoptosis; gene; human buccal squamous cell
carcinoma cell line BcaCD885




Nutrients 2014, 6 3085

1. Introduction

Kuding tea, as a type of traditional pure natural health beverage, is prepared from leaves of
“Kudingcha”, a Holly, which is a type of Aquifoliaceae evergreen tree. It is mainly produced in the
southwestern and southern region of China [1]. It contains more than 200 ingredients, which include
Kuding saponin, amino acid, vitamin C, polyphenols, flavonoid, and protein, etc. [2]. According to
traditional Chinese medicine, Kuding tea has the effects of lowering blood pressure, maintaining
proper weight, and removing blood stasis. It also has the function of anti-cancer and anti-aging [3,4].
The polyphenols in tea are not only one of the dominant ingredients that constitute the color, aroma
and taste of tea, but also one of the dominant ingredients for health care function. Some researches
have shown that many such bioactive substances as tea polyphenols have the function of detoxification
and anti-radiation [5]. It also has strong anti-cancer effect [6]. Although we call Kuding tea “tea
beverage”, it is just a type of beverage similar to tea beverage because it is produced from different
plants compared with traditional Chinese tea (such as green tea and black tea). In general, there are
20%-35% polyphenols in tea beverage [7]. However, some studies have shown that there are more
than 10% polyphenols in Kuding tea [8].

Apoptosis is a type of programmed cell death implemented by cells using their own physiological
and pathological factors. Physiological apoptosis can help to prevent illness. However, under the
stimulation of functional substances, some genes of cancer cells may mutate or alter expression. Then
the function, structure and growth state of cancer cells may change abnormally [9]. Many effective
constituents in food can help to prevent cancer by stimulating cancer cells to induce apoptosis and then
death [10]. As very important constituents of tea, polyphenols significantly contribute to apoptosis of
cancer cells in vitro. And it has been proven that polyphenols, present in Kuding tea, are
antioxidants [11]. However, the effects of these functional components against cancer need further
studies. The present study starts by treating oral cancer cells in vitro with polyphenols extracted from
Kuding tea. Then we will evaluate the role that these polyphenols plays in inducing apoptosis of
human buccal squamous cell carcinoma cell line BcaCD885 in vitro and investigate the mechanism
how these polyphenols fight against cancer cells by observing the influence of polyphenols on the
growth of cancer cells and by checking the changes of apoptosis-inducing factors treated with
polyphenols using RT-PCR and western blot.

2. Materials and Methods
2.1. Extraction of Kuding Tea Polyphenols

First, the leaves of Kuding tea were powdered after being frozen and dried and 30 g of the powder
was put into 250 mL of distilled water and stirred at 90 °C. Then the Kuding tea was extracted for 1 h.
After filtering, the filtrate was extracted for 2 h with 250 mL of acetic ether twice. The two organic
phases were combined and dried with anhydrous sodium sulfate. Then acetic ether solvent was removed
through depression and distillation. In the end, Kuding tea polyphenols were obtained as a yellow
powder form. By the Folin-Ciocalteu method, the polyphenols content of Kuding tea was 16.7%.
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2.2. Cancer Cell Preparation

Human buccal squamous cell carcinoma cell line BcaCD885 obtained from State Key Laboratory of
Oral Diseases in Sichuan University (Chengdu, Sichuan, China) was used for this study. The cancer
cells were cultured in RPMI-1640 medium (HyClone Cell Culture and Bioprocessing (Beijing),
Beijing, China) supplemented with 10% FBS (HyClone) and 1% penicillin-streptomycin (HyClone) at
37 °C in a humidified atmosphere containing 5% CO, (model 311 S/N29035; Forma, Waltham, MA,
USA). The medium was changed every two days.

2.3. Growth Inhibition Measurement

Growth inhibitory effect of the Kuding tea polyphenol was measured by the trypan blue exclusion
method. Human buccal squamous cell carcinoma cell line BcaCD885 cells were seeded in a 6-well
plate at a density of 1 x 10> cells/mL in a volume of 1 mL per well. After BcaCD885 cancer cell
adherence for 24 h, the medium in the 6-well plate was discarded. Then Kuding tea polyphenol
was mixed with RPMI-1640 medium, and the mixed 1 mL solution with concentrations of 25, 50
and 100 pg/mL Kuding tea polyphenol were added in 6-well plates and the cells were further
incubated at 37 °C in 5% CO, for 48 h. Then the BcaCD885 cells were stained with trypan blue
solution and washed with phosphate-buffered saline (PBS), and counted using a hemocytometer [12].

2.4. Flow Cytometry Analysis

BcaCD885 cells were treated with 25, 50 and 100 pg/mL Kuding tea polyphenol under the same
condition of growth inhibitory experiment. After treatment with Kuding tea polyphenol, the cells were
trypsinized, collected, washed with cold phosphate-buffered saline (PBS), and resuspended in 2 mL
PBS. DNA contents of the cells were measured using a DNA staining kit (CycleTEST™ PLUS Kkit;
Becton Dickinson, Franklin Lakes, NJ, USA). Nuclear fractions stained with propidium iodide were
obtained by following the manufacturer’s protocol. Fluorescence intensity was determined using a
FACScan flow cytometer (EPICS XL-MCL; Beckman Coulter KK, Brea, CA, USA) and analyzed
with CellQuest software (Becton Dickinson) [13].

2.5. mRNA Expression Measurement

Total RNA from human buccal squamous cells carcinoma cell line BcaCD885 was isolated using
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s recommendations.
The RNA was digested with RNase-free DNase (Roche, Basel, Switzerland) for 15 min at 37 °C and
purified using an RNeasy kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol.
cDNA was synthesized from 2 pg of total RNA by incubation at 37 °C for 1 h with avian
myeloblastosis virus reverse transcriptase (GE Healthcare, Little Chalfont, United Kingdom) with
random hexanucleotides according to the manufacturer’s instruction. Sequences of primers used to
specifically amplify the genes of interest are shown in Table 1. Amplification was performed in a
thermal cycler (Eppendorf, Hamburg, Germany). The polymerase chain reaction (PCR) products were
separated in 1.0% agarose gels and visualized with ethidium bromide staining [14].
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Table 1. Sequences of reverse transcription-polymerase chain reaction primers used in this study.

Gene name Sequence

Forward: 5'-CTG GAA TAT CCC TGG ACA AC-3’
Reverse: 5'-CAG GTC AAC AGG TCC ATT TG-3'
Forward: 5'-CCC CAC CCT CAC TTT GCT-3’

Reverse: 5'-GGA GGA CCA GGC TCA CTT A-3'
Forward: 5'-GGC CCT TCC TCG CTT CAT CTC-3’
Reverse: 5'-GGT CCT TGG GCC TTC CTG GTA T-3'
Forward: 5'-AAG CTG AGC GAG TGT CTC CGG CG-3'

Procapase-3

Procapase-8

Procapase-9

Bax Reverse: 5-CAG ATG CCG GTT CAG GTA CTC AGT C-3'
1 Forward: 5'-CTC GTC GCT ACC GTC GTG ACT TGG-3'
B2 Reverse: S-CAG ATG CCG GTT CAG GTA CTC AGT C-3'
Forward: 5'-CCC AGA AAG GAT ACA GCT GG-3'
BelxL g everse: 5-GCG ATC CGA CTC ACC AAT AC-3'
p.;  Forward: 5-GCC TGA TGC TGG ATA ACT GG-3
HIAP- Reverse: 5'-GGC GAC AGA AAA GTC AAT GG-3’
ap,  Forward: S-GCC TGA TGC TGG ATA ACT GG-3
Reverse: 5'-GCT CTT GCC AAT TCT GAT GG-3'
153 Forward: 5-CTG AGG TTG GCT CTG ACT GTA CCA CCA TCC-3'
Reverse: 5-CTC ATT CAG CTC TCG GAA CAT CTC GAA GCG-3'
Forward: 5'-GCA GAC CAG CAT GAC AGA TTT-3’
p21 Reverse: 5-GGA TTA GGG CTT CCT CTT GGA-3'
opy  Forward: S-GGG GAG AAG TCA CGC TAT GA-3'
Reverse: 5-CTC AGG GCA CAG GAA AAC AT-3'
73 Forward: 5-GAC GGA ATT CAC CAC CAT CCT-3’
Reverse: 5-CCA GGC TCT CTT TCA GCT TCA-3'
Forward: 5'-GAA ATG AAA TCC AAA GCT-3'
Fas Reverse: 5-TAA TTT AGA GGC AAA GTG GC-3'
. Forward: 5'-GGA TTG GGC CTG GGG ATG TTT CA-3'
ask peverse: 5-TTG TGG CTC AGG GGC AGG TTG TTG-3"
Forward: 5'-CGG AGT CAA CGG ATT TGG TC-3'
GAPDH

Reverse: 5'-AGC CTT CTC CAT GGT CGT GA-3'

2.6. Protein Expression Measurement

Total cell lysates were obtained with an extraction buffer as previously described. Protein
concentrations were determined using a protein assay kit (Bio-Rad, Hercules, CA, USA). For Western
blot analysis, the cell lysates were separated by 12% SDS-PAGE, transferred into a polyvinylidene
fluoride membrane (GE Healthcare), blocked with 5% skim milk, and incubated with the primary
antibodies (1:1000 dilution). Antibodies against caspase-3, -8, -9, Bax, Bcl-2, Bcl-xL, HIAP-1,
HIAP-2, p53, p21, E2F1 and p73 were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). After incubation with the horseradish peroxidase-conjugated secondary antibody at
room temperature, immunoreactive proteins were detected using a chemiluminescent enhanced
chemiluminescence assay kit (GE Healthcare) according to the manufacturer’s instructions. Bands in
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the blot were visualized using a LAS3000 luminescent image analyzer (Fujifilm Life Science, Tokyo,
Japan) [15].

2.7. Statistical Analysis

Data are presented as the mean + SD. Differences between the mean values for individual groups
were assessed using one-way ANOVA followed by Duncan’s multiple range tests. Differences were
considered significant when p < 0.05. SAS version 9.1 (SAS Institute Inc., Cary, NC, USA, 2009) was
used for statistical analyses [15].

3. Results
3.1. Growth Inhibitory Effects of Kuding Tea Polyphenol against BcaCD885 Cells

The growth inhibitory effects assessed by hemocytometer counts (cytotoxicity) for the cancer cells
were determined (Figure 1). BcaCD885 cells were treated with 25, 50 and 100 pg/mL Kuding tea
polyphenol for up to 3 days. At the first day, the different concentration of Kuding tea polyphenol
showed similar cell growth numbers as the control, but after 2 days of incubation, growth of treated
cells was gradually inhibited in a concentration-dependent manner. After 4 days, the 100 pg/mL
Kuding tea polyphenol treated cancer cells were markedly inhibited compared to control cells; 25
and 50 pg/mL Kuding tea polyphenol also had inhibitory effect, but weaker than the 100 pg/mL
Kuding tea polyphenol treatment. After 48 h Kuding tea polyphenol treatment, the growth of cancer
cells was obviously inhibited. At a concentration of 100 ug/mL, 72 h treated cells were almost dead,
thus the treatment time of 48 h was chosen to do other experiments in this study.

Figure 1. Time-dependent growth inhibition by Kuding tea polyphenol in human buccal
squamous cell carcinoma cell line BcaCD885. Cells were plated at an initial density
of 1 x 10° cells per plate in six well plates and incubated for 24 h.
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3.2. Induction of Apoptosis by Kuding Tea Polyphenol

DNA content of the sub-G1 BcaCD885 cancer cells was evaluated by flow cytometric analysis. The
induction of apoptosis was almost negligible at 2.70% of sub-G1 content in control cancer cells.
However, cancer cells treated with 100 pg/mL Kuding tea polyphenol had a higher level of apoptosis
(37.6%) than those treated with 25 and 50 pg/mL Kuding tea polyphenol at 12.3% and 21.6%,
respectively (Figure 2).

Figure 2. Apoptosis induced by Kuding tea polyphenol. The DNA content of sub-Gl
human buccal squamous cell carcinoma cell line BcaCD885 was evaluated using a flow
cytometer. Apoptosis was monitored by staining with annexin-V FITC. a—d, mean values
with different letters over the bars are significantly different (p < 0.05) according to
Duncan’s multiple range test.
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3.3. Gene Expression of the Apoptosis-Related Procapases and Fas/FasL

The expression of procapase-3, -8 and -9 and capase-3, -8 and -9 in BcaCD885 cancer cells was
determined by RT-PCR or western blotting after a 48-h incubation with 25, 50 and 100 pg/mL Kuding
tea polyphenol. As shown in Figure 3, treatment with Kuding tea polyphenol markedly altered the
levels of procapase and capase genes. Kuding tea polyphenol could increase the expression level of
these genes. The higher concentration of Kuding tea polyphenol showed the more obvious increase.

As shown in Figure 4, the expression levels of Fas depended on the increase of treated concentration
of Kuding tea polyphenol, but expression levels of FasL did not exhibit any such differences between

different concentration treatments. The value of Fas/FasL both increased with higher concentrations of
Kuding tea polyphenol.
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Figure 3. Effects of Kuding tea polyphenol on the mRNA expression of procapase-3, -8, -9
and protein expression of capase-3, -8 , -9 in human buccal squamous cell carcinoma cell
line BcaCD885. Fold-ratio: gene expression/GAPDH (B-actin) x control numerical value
(control fold ratio: 1). a—d, mean values with different letters over the bars are significantly
different (p < 0.05) according to Duncan’s multiple range test.
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Figure 4. Effects of Kuding tea polyphenol on the mRNA and protein expression of
Fas/FasL in human buccal squamous cell carcinoma cell line BcaCD885. a—d, mean values
with different letters over the bars are significantly different (p < 0.05) according to
Duncan’s multiple range test.
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3.4. Gene Expression of the Apoptosis-Related Bcl-2 Family

Bcl-2 family genes are important apoptosis-related genes. Kuding tea polyphenol significantly
(p < 0.05) changed the expression of Bax, Bcl-2 and Bcel-xL. Protein and mRNA expression levels of
Bax were increased by Kuding tea polyphenol treatment, Bcl-2 and Bcl-xL expression showed

opposite trends (Figure 5).
3.5. Gene Expression of the Apoptosis-Related HIAP-1 and HIAP-2

HIAP-1 and HIAP-2 mRNA and protein expression levels of BcaCD885 cancer cells decreased
when BcaCD885 cells were treated with Kuding tea polyphenol (Figure 6); the expression levels in the
highest concentration of 100 pg/mL treated cancer cells were significantly (p < 0.05) lower than those
with 25 and 50 pg/mL Kuding tea polyphenol treatment.

3.6. Gene Expression of the Apoptosis-Related p53 and p21

After treatment with 100 pg/mL Kuding tea polyphenol, the mRNA and protein expression levels of
pS3 were 18.7 and 6.3 times higher than that of control cells which were untreated with Kuding tea
polyphenol. p21 expression levels were also significantly increased, 17.5 and 3.7 times higher than
control cancer cells. The 25 and 50 pg/mL Kuding tea polyphenol treatments also increased the
expression of p53 to about 1.7—4.2 times that of control cells (Figure 7).
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Figure 5. Effects of Kuding tea polyphenol on the mRNA and protein expression of Bax,
Bcl-2 and Bcl-xL in human buccal squamous cell carcinoma cell line BcaCD88S5.
Fold-ratio: gene expression/GAPDH (B-actin) x control numerical value (control fold
ratio: 1). a—d, mean values with different letters over the bars are significantly different
(» <0.05) according to Duncan’s multiple range test.
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Figure 6. Effects of Kuding tea polyphenol on the mRNA and protein expression of
HIAP-1 and HIAP-2 in human buccal squamous cell carcinoma cell line BcaCD88S5.
Fold-ratio: gene expression/GAPDH (B-actin) x control numerical value (control fold
ratio: 1). a—d, mean values with different letters over the bars are significantly different

(» <0.05) according to Duncan’s multiple range test.
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Figure 7. Effects of Kuding tea polyphenol on the mRNA and protein expression of p53

and p21 in human buccal squamous cell carcinoma cell line BcaCD885. Fold-ratio: gene

expression/GAPDH (B-actin) x control numerical value (control fold ratio: 1). a—d, mean

values with different letters over the bars are significantly different (p < 0.05) according to

Duncan’s multiple range test.
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3.7. Gene Expression of the Apoptosis-Related E2F 1 and p73

o

Kuding teﬂpnh’phenn pg! ml)

E2F1 and p73 expressions of Kuding tea polyphenol treated cancer cells were checked by RT-PCR

and western blot experiments (Figure 8). E2F1 and p73 mRNA and protein expression levels

in 100 pg/mL Kuding tea polyphenol treated BcaCD885 cancer cells were higher than those in 25

and 50 pg/mL Kuding tea polyphenol treated cells. Also, E2F1 and p73 expression levels in the three

concentrations of Kuding tea polyphenol treated cells were increased compared to those levels in

untreated control cancer cells.
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Figure 8. Effects of Kuding tea polyphenol on the mRNA and protein expression of E2F1
and p73 in human buccal squamous cell carcinoma cell line BcaCD885. Fold-ratio: gene
expression/GAPDH (B-actin) % control numerical value (control fold ratio: 1). a—d, Mean
values with different letters over the bars are significantly different (p < 0.05) according to
Duncan’s multiple range test.
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4. Discussion

The main anti-cancer components in tea are tea catechin-dominant polyphenols. Since Kuding tea
can inhibit cancer cells in vitro, the main functional components may also be polyphenols. The present
study examined the anti-cancer effects of Kuding tea polyphenols by observing their influence on gene
expression of BcaCD885 cancer cells.

Caspases are a type of protease hydrolysate that usually exists in the form of procaspases. However,
caspase-3, -8 and -9 are the main protease hydrolysates involved in the process of apoptosis among
these procaspases [16]. Caspase-8 and -9 are upstream caspases. They are apoptosis-triggering
caspases that are responsible for activating downstream caspases. Caspase-3 is a downstream caspase.
They are apoptosis-effecting caspases responsible for hydrolyzing apoptosis-effector molecules [17].
Both activation of caspase-8 induced by death receptor-mediated apoptotic pathways and activation of
caspase-9 induced by mitochondria-mediated apoptotic pathways can trigger downstream caspase
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cascade reaction. Hydrolysis activates caspase-3 and this active caspase induces apotosis. When
caspases trigger apoptosis, proteins such as calpain, cathepsin and endonucleases will carry out
programmed cell death. Activatory caspase-9 is dependent upon cytochrome c, and Bcl-2 is localized
to the mitochondrial membrane, Bcl-2 could prevent release of cytochrome c [18]. By interacting with
caspase, these proteins help accelerate apoptosis. Kuding tea polyphenols can strengthen the
expression of caspase-3, and induce apoptosis of BcaCD885 cells.

Fas could form the death-inducing signaling complex upon ligand binding. Active caspase-8 is then
released from the death-inducing signaling complex into the cytosol, where it cleaves other effector
caspases, which eventually leads to DNA degradation, membrane blebbing, and other hallmarks of
apoptosis [19]. According to a new study, the extrinsic Fas pathway is sufficient to induce complete
apoptosis in certain cell types and subsequent caspase-8 activation [20]. Apoptosis via the Fas/FasL
system is necessary to decrease the activated lymphocyte population in the periphery after the immune
response has killed off the pathogen [21]. To block apoptosis, the parasite in its amastigote stage
blocks caspase-8, so the apoptotic signal delivered by Fas/FasL binding is arrested [22]. Kuding Tea
polyphenols could increase the Fas/FasL value. By this way, Kuding Tea polyphenols might show a
strong anticancer effect.

Bcl-2 and Bcl-xL are inhibitors of apoptosis proteins. However, Bax is a pro-apoptotic protein, and
the main apoptosis molecule in the Bcl-2 family. When Bax is combined with Bcl-2 and Bel-xL, it
inactivates Bcl-2 and Bcel-xL [23]. Once Bcl-2 and Bel-xL are neutralized and weakened, active Bax
will transpose to mitocondria and stimulate mitochondrial outer membrane permeabilization (MOMP)
to release pro-apoptotic molecules into proteins, thus inducing apoptosis of cancer cells. In addition,
MOMP can also be stimulated when Bax is activated by some functional components directly, thus
inducing apoptosis of cancer cells [24]. Kuding tea polyphenols are able to up-regulate Bax expression
and the higher the level of Kuding tea polyphenols, the more obvious the up-regulation of expression
is, thus inducing stronger apoptosis.

IAP, which includes HIAP-1 and HIAP-2, is a natural inhibitor of caspase in cells. Both HIAP-1
and HIAP-2 contain three BIR structural domains, which are necessary components of IAP in
inhibiting apoptosis. Besides BIR structural domains, HIAP-1 and HIAP-2 also contain a CARD
structural domain, which is a type of effector domain that combines death receptors competitively to
inhibit the activation of caspase proenzymes, thus inhibiting apoptosis [25]. Therefore, if natural
HIAP-1 and HIAP-2 in cancer cells can be controlled and weakened, activation of caspases will be
reduced and caspase will fully play its role of apoptosis of cancer cells. By combining the result of the
experiment of the expression of caspases, we can see that Kuding tea polyphenols can weaken the
expression of HIAP-1 and HIAP-2, thus strengthening the expressions of caspases [26]. HIAP 1 and
HIAP-2 could suppress TNF-receptor signaling by binding to the TNF receptor-associated factor, and
Xiap suppresses apoptosis via caspase-3 inhibition [27].

pS3 is a anti-oncogene which is most highly involved in cancer. pS3 participates in the regulation
and control of the cell cycle and repair of damaged DNA. Once DNA cannot be repaired, p53 will
induce apoptosis of cancer cells. As a type of transcription factor, p53 can stimulate up-regulation of
the expressions of Bax and participate in the process of mitochondria-mediated apoptosis through
Bax [28]. In addition, p53 is able to combine with Bcl-xL and release Bax from compounds of
Bax/Bcl-xL, thus inducing oligomerization. Oligomeric Bax can release some pro-apoptotic proteins
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from the mitochondria into thecytoplasm where caspase effector molecules will be activated, thus
inducing apoptosis [29]. Lose of p53 impairs caspase-dependent apoptosis of the mitochondrial
pathway, and caspase-9 is an important target for this development [30]. Under some conditions, p21
can promote apoptosis. According to some researchers, the expression of p21 is closely related to the
proapoptotic protein Bax during the process of apoptosis. When the expression of Bax increases, the
expression of p21 will also increase [31]. Moreover, the role that p21 plays in apoptosis is greater than
the role Bcl-2 plays in inhibiting apoptosis.

E2F1 is able to induce apoptosis specifically. High expression of E2F1 can stimulate cell cancer
cells to enter S phase and induce apoptosis, and can also strengthen the ability of p53 in inducing
apoptosis by increasing the stability of p53 or stimulating p53 directly [32]. In addition, high
expression of E2F1 can also induce apoptosis through p73. p73 genes can be activated by transcription
factor E2F1 independently and induce apoptosis without the help of p53 [33].

Tea has a strong anticancer effect, the most important functional content of tea are polyphenols.
Researcher found that tea polyphenols induced apoptosis and cell cycle arrest in human cancer cells. It
is important that the apoptotic response of tea polyphenols were specific to cancer cells, but not in
normal human epidermal keratinocytes [6].

5. Conclusions

This study treated cancer cells in vitro with extracted Kuding tea polyphenols, and growth rate of
cells as well as mRNA and protein expression of apoptosis-related genes in BcaCD885 cancer cells
was then investigated. The study concludes that Kuding tea polyphenols are able to inhibit cancer cells
growth, slowing down BcaCD885 cell proliferation, upregulate the expression of caspase-3, caspase-8,
caspase-9, Fas/FasL, Bax p53, p21, E2F1, p73 and down-regulate the expression of Bcl-2, Bel-xL,
HIAP-1, and HIAP-2. The results of our experiments confirm that Kuding tea polyphenols are able to
inhibit cancer cell growth by inducing apoptosis of BcaCD885 cancer cells. The anticancer effect of
Kuding tea polyphenols thus calls for further in vivo tests, and for the dose concentrations and
mechanism to be determined.

Acknowledgments

This research was supported by the Introduction of High-level Personnel Research Start-up Fund of
Chongqging University of Education, the Program for Chongqing Innovative Research Team in
University (KJTD201325) and Chongqing Medical Scientific and Technological Project (2011-1-060),
People’s Republic of China.

Author Contributions

The work presented here was carried out in collaboration between all authors. X.Z and L.H.Q
defined the research theme. X.Z, L.P and L.H.Q designed methods and experiments, carried out the
laboratory experiments, analyzed the data, interpreted the results and wrote the paper. J.L and J.L.S
co-designed the dispersal and colonization experiments, and co-worked on associated data collection
and their interpretation. All authors have contributed to, seen and approved the manuscript.



Nutrients 2014, 6 3098

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Zhu, F.; Cai, Y.Z.; Sun, M.; Ke, J.; Lu, D.; Corke, H. Comparison of major phenolic constituents
and in vitro antioxidant activity of diverse Kudingcha genotypes from Ilex Kudingcha, Ilex
cornuta, and Ligustrum robustum. J. Agric. Food Chem. 2009, 57, 6082—6089.

2. Ding, B.; Wang, D.L.; Yin, J.Q.; Ma, W.; Zhou, G.Y.; Long, W.N. Effects of manganese on
chemical qualities in Kuding tea. J. Jiangsu Forest. Sci. Technol. 2009, 36, 19-21.

3. Song, J.L.; Qian, Y.; Li, G.J.; Zhao, X. Anti-inflammatory effects of Kudingcha methanol extract
(Ilex Kudingcha C.J. Tseng) in dextran sulfate sodium-induced ulcerative colitis. Mol. Med. Rep.
2013, 8, 1256-1262.

4. Gao, B.B.; She, G.M.; She, D.M. Chemical constituents and biological activities of plants from
the genus ligustrum. Chem. Biodivers. 2013, 10, 96—128.

5.  Chen, C.; Yu, R.; Owuor, E.D.; Kong, A.N. Activation of antioxidant-response element (ARE),
mitogen-activated protein kinases (MAPKs) and caspases by major green tea polyphenol
components during cell survival and death. Arch. Pharm. Res. 2000, 23, 605-612.

6. Mukhtar, H.; Ahmad, N. Tea polyphenols: Prevention of cancer and optimizing health. Am. J.
Clin. Nutr. 2000, 71, 1698—-1702.

7. Ahmad, N.; Mukhtar, H. Green tea polyphenols and cancer: Biologic mechanisms and practical
implications. Nutr. Rev. 1999, 57, 78-83.

8. Liu, L.X.; Tanguy, L.; Liang, X.F.; Sun, Y.; Ye, H.; Zeng, X.X. Dtermination of the total content
of polyphenols in Kudingcha by Folin-Ciocalteu colorimetry. J. Tea Sci. 2008, 28, 101-106.

9. Elmore, S. Apoptosis: A review of programmed cell death. Toxicol. Pathol. 2007, 35, 495-516.

10. Pan, M.H.; Ghai, G.; Ho, C.T. Food bioactives, apoptosis, and cancer. Mol. Nutr. Food Res. 2008,
52,43-52.

11. Fan, J.; Wu, Z.; Zhao, T.; Sun, Y.; Ye, H.; Xu, R.; Zeng, X. Characterization, antioxidant and
hepatoprotective activities of polysaccharides from Illex latifolia Thunb. Carbohydr. Polym. 2014,
101, 990-997.

12. Seo, H.R.; Kim, J.Y.; Kim, J.H.; Park, K.Y. Identification of Bacillus cereus in a chungkukjang
that showed high anticancer effects against AGS human gastric adenocarcinoma cells. J. Med.
Food 2009, 12, 1274—-1280.

13. Zhao, X.; Ju, J.; Kim, H.M.; Park, K.Y. Antimutagenic activity and in vitro anticancer effects of
bamboo salt on HepG2 human hepatoma cells. J. Environ. Pathol. Toxicol. Oncol. 2013, 32, 9-20.

14. Zhao, X.; Kim, S.Y.; Park, K.Y. Bamboo salt has in vifro anticancer activity in HCT-116 cells
and exerts anti-metastatic effects in vivo. J. Med. Food 2013, 16, 9-19.

15. Jiang, X.; Zhao, X.; Luo, H.; Zhu, K. Therapeutic effect of polysaccharide of large yellow croaker
swim bladder on lupus nephritis of mice. Nutrients 2014, 6, 1223-1235.

16. Majors, B.S.; Betenbaugh, M.J.; Chiang, G.G. Links between metabolism and apoptosis in
mammalian cells: Applications for anti-apoptosis engineering. Metab. Eng. 2007, 9, 317-326.



Nutrients 2014, 6 3099

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jin, K.; Mao, X.0.; Batteur, S.P.; McEachron, E.; Leahy, A.; Greenberg, D.A. Caspase-3 and the
regulation of hypoxic neuronal death by vascular endothelial growth factor. Neuroscience 2001,
108,351-358.

Kajita, M.; Katayama, H.; Murata, T.; Kai, C.; Hori, M.; Ozaki, H. Canine distemper virus
induces apoptosis through caspase-3 and -8 activation in vero cells. J. Vet. Med. B Infect. Dis. Vet.
Public Health 2006, 53, 273-2717.

Lawen, A. Apoptosis—An introduction. BioEssays 2003, 25, 888—896.

Wajant, H. The Fas signaling pathway: More than a paradigm. Science 2001, 37, 1635-1636.
Krammer, P.H. CD95’s deadly mission in the immune system. Nature 2000, 407, 789—-795.
Nakajima-Shimada, J.; Zou, C.; Takagi, M.; Umeda, M.; Nara, T.; Aoki, T. Inhibition of
Fas-mediated apoptosis by Trypanosoma cruzi infection. Biochim. Biophys. Acta 2000, 1475,
175-183.

Adams, J.M.; Cory, S. The Bcl-2 apoptotic switch in cancer development and therapy. Oncogene
2007, 26, 1324-1337.

Brunelle, J.K.; Letai, A. Control of mitochondrial apoptosis by the Bcl-2 family. J. Cell Sci. 2009,
122,437-441.

Asselin, E.; Mills, G.B.; Tsang, B.K. XIAP regulates Akt activity and caspase-3-dependent
cleavage during cisplatin-induced apoptosis in human ovarian epithelial cancer cells. Cancer Res.
2001, 61, 1862—-1868.

Bilim, V.; Kasahara, T.; Hara, N.; Takahashi, K.; Tomita, Y. Role of XIAP in the malignant
phenotype of transitional cell cancer (TCC) and therapeutic activity of XIAP antisense
oligonucleotides against multidrug-resistant TCC in vitro. Int. J. Cancer 2003, 103, 29-37.

Sasaki, H.; Sheng, Y.; Kotsuji, F.; Tsang, B.K. Down-regulation of X-linked inhibitor of
apoptosis protein induces apoptosis in chemoresistant human ovarian cancer cells. Cancer Res.
2000, 60, 5659-5666.

Soussi, T. Focus on the p53 gene and cancer: Advances in TP53 mutation research. Hum. Mutat.
2003, 21, 173-175.

Chipuk, J.E.; Bouchier-Hayes, L.; Kuwana, T.; Newmeyer, D.D.; Green, D.R. PUMA couples the
nuclear and cytoplasmic proapoptotic function of p53. Science 2005, 309, 1732—1735.

Wu, G.S.; Ding, Z.H. Caspase 9 is required for p5S3-dependent apoptosis and chemosensitivity in
a human ovarian cancer cell line. Oncogene 2002, 21, 1-8.

Campomenosi, P.; Monti, P.; Aprile, A.; Abbondandolo, A.; Frebourg, T.; Gold, B.; Crook, T.;
Inga, A.; Resnick, M.A.; Iggo, R.; Fronza, G. p53 mutants can often transactivate promoters
containing a p2/ but not Bax or PIG3 responsive elements. Oncogene 2001, 20, 3573-3579.
Rogoff, H.A.; Pickering, M.T.; Debatis, M.E.; Jones, S.; Kowalik, T.F. E2F1 induces
phosphorylation of p53 that is coincident with p53 accumulation and apoptosis. Mol. Cell. Biol.
2002, 22, 5308-5318.



Nutrients 2014, 6 3100

33. Irwin, M.; Marin, M.C.; Phillips, A.C.; Seelan, R.S.; Smith, D.I.; Liu, W.; Flores, E.R;
Tsai, K.Y.; Jacks, T.; Vousden, K.H.; Kaelin, W.G., Jr. Role for the p53 homologue p73 in
E2F-1-induced apoptosis. Nature 2000, 407, 645—648.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



