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Abstract
This study aims to investigate the effect and mechanism of action of cinnamic acid (CA) on
the proliferation and apoptosis of leukaemia K562 cells. Morphological changes in cells were
observed in K562 cells treated by CA with different doses (1.5, 3.0, and 6.0 mg/mL). Cell
proliferation capabilities were measured by methyl thiazolyl tetrazolium assay. Cell cycle
was determined by flow cytometry, and the rate of cell colony formation was calculated by
colony test. CA treatment for 24, 48, 72, and 96 h significantly inhibited the growth of leukaemia cells. CA significantly affected the cell cycle after 48 h treatment, resulting in increased G0/G1 phase and extension of the cell cycle in the tumour cells. Moreover, the colony formation rate decreased significantly (P < 0. 05). CA can inhibit the growth of leukaemia cells by inducing cell apoptosis.
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Introduction
Food and environmental factors play an important role in
the occurrence and development of tumours [1-4]. However, treatment of cancer by traditional agents has adverse
side effects, thereby inducing tumour cells to differentiate
into normal cells. Efficient agents with low toxicity are
important in cancer treatment. Cinnamic acid (CA), a
phenylalanine deamination product in plant tissue, is the
main active ingredient extracted from food-flavouring
agents. CA is a hormone-like substance, which regulates
cell growth and differentiation in plants. CA is a safe and
extensive source material because of its natural and low
toxicity properties [5, 6]. Metabolites, such as benzoic and
hippuric acid, in the human body have no proliferation inhibition and cytotoxicity in normal or tumour cells [7].
Therefore, changing eating habits by avoiding carcinogenic
food and promoting the use of food with cancer-preventing
and anti-cancer effects are important. CA may be an effective food-flavouring agent with cancer-preventing and anticancer effects [8, 9]. In this study, different doses of CA
were used to treat leukaemia K562 cells. The effect and
mechanism of action of CA on the proliferation and apoptosis of leukaemia cells were observed.

Chemical Company Inc.) and the solutions were prepared
by using 24 mg of the compound and 500 μL of ethanol.
Phosphate buffered saline (PBSA) was added to complete
10 mL (final concentration at 16 mM). An appropriate control with DMEM, 20% PBSA and 1% ethanol was used.
Cell culture and grouping
Human leukaemia K562 cell lines stored in our laboratory
were cultured in PRMI-1640 medium containing 10%
fetal bovine serum, 100 U/mL penicillin, and l00 U/mL
streptomycin in a humidified incubator at 37 °C and 5%
CO2, passaged once every 2 d to 3 d. Logarithmic growth
phase passaged cells were seeded in 24-well culture plate,
and three doses of CA were added to the culture medium
to final concentrations of 1.5, 3.0, and 6.0 mg/mL. The
medium was changed every other day, and specimens
were collected every day. Cell culture medium without
drug treatment was designated as the blank control group.
Cell morphology
After Giemsa staining, morphological changes of the cells
treated with CA in concentrations of 1.5, 3.0, and 6.0
mg/mL (dissolved in a final volume fraction <0.1% of
DMSO) for 24, 48, 72, and 96 h were observed under an
inverted microscope.

Materials and Methods
Cinnamic acid
Cinnamic acid (CAS number 140-10-3) was obtained as
trans-cinnamic acid crystals, 99 + % (Sigma Aldrich
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MTT assay
The drug-treated group was treated with CA in final concentrations of 1.5, 3.0, and 6.0 mg/mL, whereas no drugs
were used for the control group. The solvent control
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group was treated with culture medium containing
DMSO with equal concentrations, and the culture medium without cells was assigned as a blank control.
After culturing for 24, 48, 72, and 96 h, the absorbance
(A) of each well was measured under a microplate with
a wavelength of 492 nm, and the cell growth inhibition
rate (%) was calculated as follows: Cell growth inhibition rate (%) = (control A-test A)/(control A-blank
A)×100.
Flow cytometric analysis
CA with final concentrations of 1.5, 3.0, and 6.0 mg/mL
was added to leukaemia cells with well growth, and the
cells were incubated for 48 h. The cells were then collected, determined by flow cytometry, and analysed to
obtain the percentage (%) for the cell cycle (G0 / G1, S,
G2 / M) at each time point.
Plate cloning experiments
The drug-treated groups were cultured in a medium
containing CA with final concentrations of 1.5, 3.0,
and 6.0 mg/mL for 24 h and added with RPMI01640
medium containing the new fetal bovine serum with a
volume fraction of 10% to further culture for 18 d. After immersing, fixing, and staining, the clones (clone
with more than 50 cells was considered to be a clone)
in each group were counted. Colony formation and inhibition rates were calculated as follows: Clone formation rate (%) = average number of clones/number of
seeded cells×100; and Inhibition rate (%) = (1-clones
number of the experimental group/clones number of the
control group) × 100.
Statistical analysis
Data were expressed as x ±s. SPSS13.0 statistical soft-
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ware package was used to perform univariate ANOVA.
Pairwise comparisons were performed by t-test.
Results
Morphological changes
With increased dose and prolonged drug treatment time,
the cells in the treated group showed the following characteristics: the stacking nature of cells during growth disappeared, cells proliferated slowly, they shrank, cytoplasmic granules increased, and some cells became round
and bloated. Cell growth in the control group was adherent with epithelioid type, with two to three processes and
homogeneous and transparent in nature (with two to four
nucleoli), clear nuclear membrane and nucleolus outlines,
and compact structures between cells. The cells grew progressively.
Growth inhibitory effect
CA in concentrations of 1.5, 3.0, and 6.0 mg/mL inhibited
the growth of leukaemia cells, and the inhibition gradually increased with prolonged treatment and increased
concentration (Figure 1).
Cell cycle
As shown in Table 1, after increasing the dose of CA (1.5,
3.0, and 6.0 mg/mL) treatment to 48 h, cell proportion of
G0/G1 phase increased (P < 0.01), whereas cell proportion of S phase decreased (P < 0.05).
Cell viability
As shown in Table 2, after CA treatment (1.5, 3.0, and 6.0
mg/mL), the number of colony formation for leukaemia
cells was reduced, and the colony formation rate was significantly lower than that of the control group (P < 0.05).
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Table 1. Effect of cinnamic acid (CA) on cell cycle detected by flow cytometry ( x ± s, n=3)
Group
Control
Vehicle
CINN(1.5 mg /m l)
CINN(3.0 mg /m l)
CINN(6.0 mg /m l)
P < 01 05, * * P < 0. 01 v s control

G0/G1
48.9 ±1.6
50.3±4.3
58.2±2.4*
62.3±1.6* *
67.2±0.8* *

Cell cycle(%)
S
45.1±3.2
44.3±2.7
36.2±4.1*
31.4±1.9* *
27.9±2.1* *

G2/M
64.0±2.5
38.7±1.9
18.6±2.4
8.3±1.1
5.8±1.5



Table 2. Effect of cinnamic acid (CA) on colony formation of K562 cells ( x ± s, n=3)
CA (mg /m l)
0
1.5
3.0
6.0
* P < 0.01 vs control.

Colony formation (%)
90.4
59.8* *
43.6* *
17.5* *

Discussion
CA is a chemical occurring naturally in plants. This
molecule belongs to aromatic fatty acids and is a phenylalanine deamination product in plant tissues. Few studies
have reported on the effects of CA on tumour cells. Tsai
et al. explored the mechanisms underlying several select
cinnamic acid derivatives against invasion of human lung
adenocarcinoma A549 cells, and found that caffeic acid,
chlorogenic acid, and ferulic acid can inhibit phorbol-12myristate-13-acetate-stimulated invasion of A549 cells at
a concentration of ≥100 μM. The MMP-9 activity was
suppressed by these compounds through regulating
urokinase-type plasminogen activator, tissue inhibitor of
metalloproteinase -1, plasminogen activator inhibitor -1,
and PAI-2; the cell-matrix adhesion was decreased by
CAA only. The proposed molecular mechanism involved
not only decreasing the signaling of MAPK and PI3K/Akt
but also inactivating NF-κB, AP-1, and STAT3 [10]. Sova
et al. investigated the cytotoxic effects of representative
cinnamic acid esters and amides, and found that the compounds showed significant cytotoxicity (IC50s between
42 and 166 µM) and selectivity of these cytotoxic effects
on the malignant cell lines. The cell cycle phase distribution indicated that novel cinnamic acid derivatives inhibited cell growth by induction of cell death [11].
CA with different concentrations was used to treat leukaemia cell line K562. CA with concentrations of 1.5, 3.0,
and 6.0 mg/mL inhibited the growth and proliferation of
K562 cells in time-and dose-dependent manners. In addition, morphological observation showed that the stack
growth state of K562 cells disappeared after CA treatment,
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Inhibition rate of colony form at ion (/%)
33.8
51.8
80.6
suggesting that the contact inhibition of the cell growth
may be restored. Cell proliferation was negatively correlated with differentiation [12-14]. The slowing speed of
cell division and proliferation is often the result of cell
differentiation.
The G1 phase is considered a cell differentiation phase.
The arrest of the G1 phase for the cell cycle can be used
as indicator of induced differentiation [15, 16]. The experimental results showed that the K562 cell cycle was
arrested in the G0/G1 phase after CA treatment. The effect obviously increased with increased dose, indicating
that CA induces differentiation of cells in a dosedependent manner.
The exact mechanism of the antitumor effect of CA is still
unclear. Two possible mechanisms were considered [17]: 1)
CA activates the human peroxisome proliferator and nuclear
receptor to inhibit oncogene (may be c-myc) amplification
and expression of other genes; 2) CA blocks the posttranslational modification of cell growth-regulating proteins,
such as certain p21ras protein, that is, preventing protein
prenylation by inhibiting the synthesis of mevalonatederived residues. These residues cannot bind strongly to the
cell membrane, thereby inhibiting cell growth.
CA induced the differentiation of the cultured leukaemia
cells. Whether this same effect existed in vivo will be
further analysed by our study team. Actively exploring
the mechanism of CA induction of tumour cell differentiation will help achieve an effective cancer-preventing
and anti-cancer therapy, reduce or avoid the pain in the
cancer patients caused by the toxic effects of traditional
treatments, and facilitate new cancer treatment pathways.
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