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Abstract: Catechin is one of the major polyphenols in teas, beans, and berry fruits. A number of
studies have confirmed that catechins extract possesses health benefits in the prevention of various
chronic diseases. In this study, the anti-cancer activity and mechanism of catechin against non-small
cell lung cancer A549 cells were investigated. The inhibitory rate of catechin on the proliferation
of A549 cells reached 19.76% at a concentration of 600 µmol·L−1 with 24 h incubation. The results
demonstrated that catechin inhibits A549 cells by increasing the expressions of p21 and p27 in
the cancer cells. Furthermore, the catechin treatment inhibited the expressions of cyclin E1 and
phosphorylation of protein kinase (P–AKT) in a dose-dependent manner, which also contributed to
the inhibition of cancer cell proliferation. Therefore, the results of this study indicated that catechin
can effectively inhibit the proliferation of A549 cells through regulating its cell cycle arrest or indirectly
via the p21 signaling pathway. It would provide important information for developing catechin and
catechin-rich functional food or co-therapy for antitumor purposes.
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1. Introduction

Lung cancer is one of the prevalent cancers in the world and non–small cell lung carcinoma
represents 80% of lung cancers [1]. Current standard therapies only contribute to 15% of the survival rate
within overall 5-year survival, because this cancer is a systemic disease [2]. Cell cycle in cancer-genesis
is one of the key pathways to control cancer cell progression [3]. It is regulated by the coordinated
activation of a cyclin-dependent kinase (CDK)/cyclin complex. Especially, Cyclin E binds CDK2 to
activate the cyclinE/CDK2 complex at early phase (G1/S) of the cell cycle, which can be controlled
by the phosphorylation of tumor suppressor proteins [4]. Both cyclin kinase inhibitors p21 and p27
are able to regulate CDK by binding to CDK and proliferating cell nuclear antigen (PCNA). Then,
p21 and p27 lead to cancer-cell-cycle arrest and the blockade of DNA synthesis to inhibit cancer cell
proliferation [5]. On the other hand, AKT, known as protein kinase B, also plays a key role in cancer cell
proliferation, survival and metabolism [6]. The hyperactivation of AKT has been found to contribute to
the misregulation of cell cycle progression in several types of human cancers [7]. The phosphorylated
AKT (P–AKT) has been reported to promote cancer progression and cancer drug resistance [8]. Thus,
the improvement of p27 and p21 expression and deduction of P–AKT could have potential prognostic
and therapeutic implications in human cancers [9].
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Catechins are a group of common polyphenols present in tea, red wine, cocoa and other leaf or fruit
drinks [10]. A number of studies have confirmed that catechin extract possesses health benefits through
the prevention of various chronic diseases. For example, catechin-rich tea extract has shown significant
effects in animal models on anti-mutation, immune regulation, and cardiovascular system health,
especially in delaying tumor onset [11]. The mechanisms of the health benefits have been reported to be
associated with the great antioxidant activity of catechins [12]. Basically, catechins are polyphenol-based
secondary metabolites with a structure of two linked phenols benzopyran derivatives [13]. Different from
most other catechins, which naturally contain one or more glucoside groups, catechin is the most basic
catechin compound without glycosylation, resulting in higher bioavailability and absorption efficiency
in the body [14]. Epigallocatechin-3-gallate, a major compound in the catechins group, or natural
catechins extract, was usually used to examine the anti-cancer activity of catechins. For example,
epigallocatechin-3-gallate in green tea was selected to investigate the expression of the cancer cell cycle
regulatory gene [15]. Plum catechins extract was applied to induce apoptosis in human hepatoma
HepG2 cells [16]. However, the mechanism of the anti-cancer activity of the most basic catechin has not
been studied. In order to understand the action site inhibiting cancer cell proliferation, pure catechin
was used in this study. The inhibitory effects on A549 cancer cells’ proliferation, and the p21/ p27
expression of A549 cells were determined. The levels of Cyclin E 1 and P–AKT in the cancer cell after
being treated by catechin were also analyzed. Therefore, this study could reveal the mechanism of
the anti-cancer activity of the basic catechin compound without interference from other catechins or
co-existing extracted compounds. The results would be helpful in understanding the potential and the
mechanisms of catechin compounds from natural beverages and foods on cancer prevention.

2. Materials and Methods

2.1. Materials

The non-small cell lung cancer A549 cell line was originally from American Type Culture Collection
(ATCC, Manassas, VA, USA). Catechin standard and real-time quantitative PCR primers were purchased
from the Suolaibao Technology and Dingsheng Biological Co., Ltd. (Beijing, China), respectively.
SYBR for qPCR was purchased from Takara Bio (Tokyo, Japan) and RNA reverse transcription kit was
purchased from Dalian Bao Bioengineering Co., Ltd. (Beijing, China). RNA extraction kit was from
Bioflux Co., Ltd. (Beijing, China). Yeast extract “OXOID” and RIPA lysis solution were from Thermo
Scientific Co. (Waltham, MA USA). Immunoblotting chemiluminescence reagent, SDS, and CCK-8 (cell
count kit -8) were purchased from BioTech Co. (Beijing, China).

2.2. Determination of A549 Cell Proliferation

The A549 cells in Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine
serum (FBS) were seeded in a 96-well plate with a density of 5500 cells in each well. The cells were
incubated at 37 ◦C under 5% CO2 for 24 h. The cells were synchronized in G1 phase and the original
medium in each well was discarded. Then, 1 mL of fresh DMEM medium containing 200, 400, or 600
µmol of catechin per liter was added. Fresh DMEM medium without catechin was used as a control
group. The cells were then incubated at the same condition as described above. After 24 h incubation,
the cell proliferation was measured. After each well was washed by phosphate-buffered saline (PBS)
twice, 100 µL of the fresh medium and 10 µL of CCK-8 reagent was added. After 1 h incubation, the
absorbance of each well was measured at 450 nm. The anti-proliferation rate of catechin was calculated
by dividing the absorbance difference of control and treatment by the absorbance of control, then
expressed in percentage.

2.3. Determination of Cyclin Kinase Inhibitors p21 and p27 Expression

Based on the dose-dependent anti-proliferation activity, A549 cells treated by the DMEM medium
with low (200 µmol·L−1) and high (600 µmol·L−1) concentrations of catechin were selected to evaluate
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the cyclin kinase inhibitors p21 and p27 expression levels. The cells treated by the medium without
catechin were used as control. The total RNA of cells in each group was extracted using Trizol reagent.
Then, cDNA was produced based on the RNA reverse transcription kit protocol and applied as a
template for PCR analysis. qPCR was performed by based on the instruction of the SYBR kit (Takara Bio,
Tokyo, Japan). The primer sequences for p21, p27, and GAPDH (Human glyceraldehydes-3-phosphate
dehydrogenase) control were shown in Table 1. The qPCR reaction mixture consisted of 5 µL of
SYBR Premix, 0.8 µL of forward primer, 0.8 µL of reverse primers, 1.0 µL of template DNA, and
2.4 µL of nuclease-free water. The program of qPCR was set at an initial denaturation at 95 ◦C for
5 min, 40 cycles of 95 ◦C for 30 s, 60 ◦C for 30 s, and 72 ◦C for 30 s, and final extension at 72 ◦C for
10 min. Then, the reaction was maintained at 12 ◦C. The qPCR analysis for each gene was repeated in
triplicates. The expression values for each target gene were normalized to GAPDH by the relative gene
expression method.

Table 1. Primer sequences of qPCR analysis.

Gene Sequence (5′ to 3′)

p21 F:ACCGAGACACCACTGGAGGG
R: CCTGCCTCCTCCCAACTCATC

p27 F:CCTCCTCCAAGACAAACAGCG
R:GGGCATTCAGAGCGGGATT

GAPDH F:GCACCGTCAAGGCTGAGAAC
R:TGGTGAAGACGCCAGTGGA

2.4. Determination of Cyclin E 1 and P–AKT Expression

The control and treated cells were rinsed with PBS after 24 h of incubation. Then, the cells were
lysed using radio-immunoprecipitation assay (RIPA) lysis solution. The lysed protein was collected
and placed in an ice bath for 30 min. Then, it was mixed with a protein loading buffer and heated to
boiling. After the mixture cooled down, total protein was extracted by centrifugation at 10,000× g
for 5 min. The extracted protein was loaded onto the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gel (12% separation gel and 5% concentrated gel) and then transferred onto
a micro porouspoly vinylidene difluoride (PVDF) membrane. The transferred membrane was placed
into an electrophoresis tank with buffer to carry out electrophoresis for 2 h in ice bath. The membrane
was blocked with Tris-buffered saline with Tween-20 (TBST) for more than 5 h. After the TBST buffer
(Tris-buffered saline, 0.1% Tween 20) was discarded, the membrane was incubated with specific
primary antibodies in TBST at room temperature for 2 h and then washed with TBST three times.
The membranes were then incubated with secondary antibodies for 1 h at 26 ◦C and washed with
TBST. The protein bands in the membrane were detected with an enhanced chemiluminescence (ECL)
detection system. β-Actin was used for normalization of the Western blot analysis to obtain the
expression values of cyclin E 1, AKT, and P–AKT.

2.5. Statistical Anlysis

All data were expressed as mean ± standard deviation. Students’ t-test was performed using
SPSS 17.0 statistical software (IBM Company, New York, NY, USA) to compare the control and treated
groups as well as between treated groups. A significant difference was reported when p < 0.05.

3. Results and Discussions

3.1. The Anti-Proliferation Effect of Catechin on A549 Cancer Cells

After 24 h incubation, the anti-proliferation rates of catechin against A549 cancer cell were
listed in Table 2. The images of the cells in control and treatment groups were shown in Figure 1.
The anti-proliferation rate of catechin was in a dose-dependent manner. As the catechin concentration
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increased from 200 to 600 µmol·L−1, the anti-proliferation rate increased from 0.73 ± 0.25% to
19.76 ± 0.72% Table 2. It was comparable with epigallocatechin-3-gallate that 5–10% of A549 cells
were inhibited as epigallocatechin-3-gallate concentration reached 100 µmol·L−1 in the study of
Sakamoto et al. (2013) [17]. Another catechin belonging to the same flavonoid group and its derivative
compounds have been reported as exhibiting an effective inhibitory performance on cancer cell
growth [18]. For example, epigallocatechingallate (EGCG), showed an anti-proliferation effect on A549
cells through the inhibition of the pro-apoptotic gene [18]. Flavonoids also had an affinity towards the
adenosine triphosphate (ATP)-binding site of the Cdk4, which was a potential inhibitor targeting the
retinoblastoma protein for the treatment of retinoblastoma [19]. Furthermore, the antioxidant activities
of flavonoids were significantly correlated to anti-proliferative activities on cancer cell growth [20].

Table 2. Inhibition rates of catechin against A549 cells proliferation.

Concentration (µmol·L−1) Inhibition Rate (%)

200 0.73 ± 0.25 *
400 2.96 ± 1.71 *
600 19.76 ± 0.72 *

* significant difference between two data at p < 0.05.
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Figure 1. Images of the A549 cells in control (a) and catechin (600 µmoL) treatment (b) groups after
24 h of incubation.

3.2. Effect of Catechin on Cyclin Kinase Inhibitors p21 and p27 Expressions in A549 Cancer Cells

Cell cycle progression is driven by cyclins which are associated with CDK [9]. As an inhibitor
of cyclin dependent kinase, p27 was involved in the regulation of the cancer cell cycle [21].
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Increasing oncology researches focused on p27 as the target therapy in breast cancer treatment [22].
Similar to p27, p21 has been reported to increase tumor cell susceptibility. A previous study
showed that the expression of p21 resulted in the accumulation of cells in G0/G1, altering cell
morphology and differentiation [23]. In addition, p21 has been reported to mediate the p53-induced
G1 cell cycle arrest resulting from DNA damage [24]. Thus, the effect of catechin on cyclin kinase
inhibitors p21 and p27’s expression in A549 cancer cells were both evaluated in this study. Because
anti-proliferation results showed the dose dependency, only the lowest and highest concentrations of
catechin (200 and 600 µmol·L−1) treatments were selected to evaluate the expression of cyclin kinase
inhibitors p21 and p27.

As shown in Figure 2, the expression of p21 significantly increased in the 200 and 600 µmol·L−1

treatment groups by approximately 1.3 and 1.2 times, respectively (p < 0.05) compared to the control
group. However, there was no significant difference between the two catechin treatment groups,
indicating that the improvement of p21 might have reached a plateau when catechin concentration was
at 200 µmol·L−1. No significant incensement of p27 expression was observed in catechin treatments
and control group, Figure 2. Thus, p21 might have a more sensitive response to catechin than p27 in
A549 cells. A number of bioactive compounds have been evidenced to inhibit cancer cells’ proliferation
though enhancing the expression of p21 or p27, which further reduced the activity of cyclin E.
For instance, p21 significantly increased in EGCG-treated A549 cells [25]. In addition, caffeic acid
phenyl ester has been shown to arrest castration-resistant prostate cancer cells by upregulating p21
and p27 proteins [26].
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Figure 2. Relative expression levels of cyclin kinase inhibitor p21 and p27 in control, 200 and
600 µmol·L−1 treatment groups. * Significant difference between each treatment and control in each
cyclin kinase inhibitor at p < 0.05.

3.3. Effect of Catechin on Cyclin E1 and P–AKT Expressions in A549 Cancer Cells

Cyclin E1 is a positive regulator in the cell cycle and the overexpression of cyclin E1 in tumors
would contribute to tumorigenesis [27]. Cyclin E1 is important in cancer tumor growth and proliferation,
particularly in breast cancer [28]. Phosphorylated RAC-α serine/threonine-protein kinase (P–AKT) is
the activated form of AKT. It plays a critical role in the development, progression and metastatic spread
of breast cancer [29]. Thus, cyclin E1 and P–AKT were used as the primary indicators to evaluate the
efficiency of catechin in inhibiting A549 cell proliferation. As shown in Figure 3, the levels of P–AKT
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significantly decreased in the 200 µmol·L−1 treatment group. Catechin inhibited cyclin E1 expression
in a dose-dependent manner. When the catechin concentration was 200 µmol·L−1, the E1 expression
was approximately 50% lower than the control group, and it was 70% lower than control group when
the caetchin concentration was the 600 µmol·L−1 treatment, Figure 3. This was in accordance with the
trend of the catechin-treated A549 cell, where the A549 proliferation was significantly inhibited in a
dose-dependent manner, Table 2. Thus, the inhibition of P–AKT expression led to the downregulation
of cyclin E1, and subsequently inhibited cancer cell growth. This was in agreement with the theory that
the tea polyphenols, EGCG, reduced the viability of cancer cell by inhibiting signaling proteins like AKT
directly [15]. Red wine was reported to cause a remarkable inhibition of basal AKT phosphorylation in
A549 cells [18]. Catechin is one of the major phenolics in red wine, thus it would partially contribute
to the inhibition of efficiency for inhibiting AKT expression and phosphorylation in red wine [18].
Therefore, catechin was involved in the regulation of A549 cancer cell cycle arrest through directly
inhibiting cyclin E1 expression, or indirectly via p21 signaling pathway, in this study.
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4. Conclusions

In conclusion, the results of the present study demonstrate that catechin had an inhibitory effect on
A549 cancer cell proliferation. The cancer cell growth appeared to be mediated through the inhibition
of the metabolism enzyme cyclin E1, upregulation of p21, and downregulation of AKT and P–AKT
protein expression. These observations indicate that catechin and catechin-rich foods such as wine
may be useful as an antitumor agent to enhance the efficacy of cancer therapy.
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