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ABSTRACT

Objective: To explore effect of 5-AZn-2 “—deoxycytidine on proliferation of human lung
adenocarcinoma cell line A549 in vitro. Methods: Superoxide dismutase (SOD) activity was
measured by hydroxylamine colorimetric method. Inhibition effect of 5-AZn-2" deoxycytidylic
acid at different concentration and different time on growth of A549 cell was determined by MTT
assay. Methylene dioxyamphetamine (MDA) was measured by thiobarbituric acid colorimetric
method. Effect of 5-AZn—-2" deoxycytidylic acid on apoptosis of A549 cell was determined by
Hoechst 33258 dyeing detection. Results: 5-AZn—2" deoxycytidylic acid had significant inhibition
effect on proliferation of A549 cells in vitro, and the inhibition was notably dependent on time
and dosage during 48-72 h; SOD level was significantly lower than those of control group (P<0.05,
P<0.01), MDA level was significantly higher than those in the control group (P<0.05, P<0.01).
A549 cells began to be in apoptosis after using 5-AZn—2- deoxycytidylic acid. Conclusions: 5-
AZn-2’ deoxycytidylic acid has significant inhibition effect on growth of A549 cell, and can lead
the change of lipid peroxidation. It indicates that the mechanism has relationship with A549 cell
cycle tissue and induction factor of apoptosis.

1. Introduction

Lung cancer is a kind of cancer with the highest
mortality rate around the world. According to clinical
manifestations, lung cancer can be categorized into non—
small cell lung cancer and small cell lung cancer. Greatly
different from epithelial cancer (such as adenocarcinoma
and squamous cell carcinoma) in biomorphology and
development, small cell lung cancer is highly malignant,
spreads rapidly in the early period after onset, and is very
sensitive to chemotherapy and radiotherapy. Chemotherapy,
radiotherapy, surgery and biotherapy are the major
treatment modalities of small cell lung cancer. The key step
of small cell lung cancer treatment is to know cell changes
in cancer tissue. 5—Aza—2"—deoxycitydine (DAC), a DNA
methyltransferase inhibitor, has been used to deteriorate
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hypermethylated gene expression, inhibit the growth
of various cells[1-3], accelerate tumor necrosis factor—
mediated malignant melanoma cell apoptosis and promote
the expression of quiescent gene MAGE—1[4-61. In addition,
DAC can inhibit DNA and protein synthesis in tumor
cells by inhibiting intracellular dihydrofolate reductase
expressionl7.8l. This can stop the growth of cancer cells
and even lead to cellular death. This study investigated
the effects of DAC on the proliferation, apoptosis and lipid
peroxidation of human lung adenocarcinoma epithelial
cell line A549 and the underlying mechanisms in order to
provide theoretical evidence for clinical use of DAC.

2. Materials and methods
2.1. Materials
2.1.1. Cells and their culture
Human lung adenocarcinoma epithelial cell line A549

(China Center for Type Culture Collection, Zhejiang
University, China) was cultured with DMEM (Gibco,
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Carlsbad, CA, USA) containing 10% fetal bovine serum
(Sijiqing, Zhejiang Tianhang Biological Technology Co.,
Ltd., China) in an incubator at 37 °C, 5% CO, with saturated
humidity and then digested with 0.25% trypsin for passage.

2.1.2. Drugs and reagents

DAC (Shanghai Hualian Pharmaceutical Co., Ltd., Shanghai,
China) was prepared into 1 mol/L solution with physiological
saline and diluted into the required concentrations with
DMEM when use. MTT solution was purchased from Huamei
Bioengineering Co., Ltd., China. Hochest33258 and dimethyl
sulfoxide (DMSO) were purchased from Sigma, St. Louis, MO,
USA.

2.2. Methods

2.2.1. Cell line and cell culture

Human lung adenocarcinoma epithelial cell line A549
was cultured with RPMI-1640 culture medium containing
10% fetal bovine serum, 100 U/mL penicillin and 100 U/mL
streptomycin at 37 °C, 5%CO0, with saturated humidity. When
cells reached 80% confluence, they were digested with 0.25%
trypsin for passage.

2.2.2. DAC preparation

100 mmol/L. DAC stock solution was prepared with a small
amount of DMSO by applying an ultrasonic wave. Prior to
experiment, DAC was diluted to the required concentration
(DMSO final concentration < 0.1%) with RPMI-1640 culture
medium.

2.2.3. MTT assay

Human lung adenocarcinoma epithelial cell line A549 at the
log phase of growth were seeded into a 96—well plate, 2< 10’
cells/well. After 12 h of culture, these cells were incubated
with DMSO (control group) or different concentrations
(0, 0.25, 0.5, 2.5, 12.5 tt mol/L) of DAC solution (DAC
groups) at 37 °C and 5% CO, under saturated humidity for
12, 24, 48 and 72 h. Five parallel wells were designated
for each group. After removal of supernatant, 20 p L
MTT solution (5 g/I) was added to each well and A549 cells
were incubated at 37 °C for 4 more hours. Supernatant was
removed, then 150 ¢ L DMSO was added to each well and
A549 cells were oscillated for 10 min. Absorbance at 490 nm
was determined through the use of ELISA reader. Each
experiment was repeated three times. Cell growth curve
was drawn and cell growth inhibitory rate was calculated
according to the formula: Cell growth inhibitory rate (%) = (1—
absorbance in the DAC group/absorbance rate in the control
group) X 100%.

2.2.4. Cell morphology and cell apoptosis rate

Cell apoptosis in each group was detected using Hoechst
33258 staining. A549 cells (2X10'/well) were seeded in each
well in which a piece of sterile coverslip was pre—placed and

five parallel wells were used for each group. When adhering
to culture plate, A549 cells were treated with different
concentrations of DAC (0, 0.25, 0.5, 2.5, 12.5  mol/L) or
DMSO for 24, 48, 72 and 96 h. Culture medium was removed,
then A549 cells were collected, washed and evenly smeared.
After natural drying, the cells were treated with 0.05 mg/L
Hoechst33258 and 0.1 mg/L calcium— and magnesium-—
free thiomersal for 40 min. After mounting, the cells were
observed under the fluorescence microscope, photographed
and counted.

2.2.5. Detection of superoxide dismutase (SOD) and
malondialdehyde (MDA) activities in A549 cells

In strict accordance with the instructions of reagent
kits provided by Nanjing Juli Biomedical Engineering
Institute (Nanjing, China), SOD activity was measured
by hydroxylamine chromatometry and MDA activity by
thiobarbituric acid—reactive—substances assay.

2.3. Statistical analysis
All data were expressed as mean+SD and statistically
processed with SPSS16.0 software (SPSS, Chicago, 1L, USA). t
test was used. A level of P<0.05 was considered statistically
significant.
3. Results
3.1. Effects of DAC on A549 cell proliferation

DAC at a concentration of 0.5, 2.5 and 12.5 ¢ mol/L

significantly inhibited the growth of A549 cells in a time—
and dose—dependent manner (P<0.01; Figure 1).
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Figure 1. Time and dose—dependent effects of different concentrations
of DAC on A549 cell proliferation.

3.2. Effects of DAC on SOD and MDA activities in A549 cells

The SOD activity in the DAC (0.5, 2.5 and 12.5 £t mol/L)
groups was significantly, dose—dependently lower compared
with the control group (P<0.05, P<0.01). The MDA activity in
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the DAC (0.5, 2.5 and 12.5 ¢ mol/L) groups was significantly,
dose—dependently higher compared with the control group
(P<0.05, P<0.01) (Table 1).

Table 1

Effects of DAC on SOD and MDA activities in the A549 cells Mean-+SD,
n=10).

Group SOD (U/mg) MDA (nmol/mg)
Control 72.23+2.40 24.23+3.20
DAC 0.25 ¢ mol/L 69.26+2.70 32.26+3.20
DAC 0.5 ¢ mol/L 56.42+4.40a 37.43+5.20a
DAC 2.5 ¢ mol/L 52.64%2.50a 45.52+4.30a
DAC 12.5 ¢ mol/L 49.45+3.20b 57.58+3.40b

a: P<0.05, b: P<0.01, vs. control group.

3.3. Effects of DAC on A549 cell apoptosis rate and

/Iml‘/)/t()/{)g\

Five visual fields were randomly selected under high—fold
magnification for counting total cells and apoptotic cells.
Cell apoptosis rate was calculated according to the formula:
cell apoptosis rate = number of apoptotic cells/total cell
number < 100%. Cell apoptosis rate reached its peak in the
DAC (0.5, 2.5, 12.5 1+ mol/L) groups at 48 and 72 h, which was
significantly higher compared to the control group (P<0.05,
P<0.01) (Table 2). Hoechst33258 fluorescent staining showed
that after 72 h of DAC treatment, cell fluorescent staining
was light and even and no apoptotic cells were observed
in the control group (Figure 2A); cell apoptosis signs
including karyopyknosis, chromatic agglutination, vacuole
and apoptotic body were observed in the DAC (0.5, 2.5 and
12.5 - mol/L) groups (Figures 2B-D), indicating that DAC
induced apoptosis of A549 cells.

Figure 2. Effects of DAC on A549 cell apoptosis rate and morphology.
A: Cell morphology of A549 cells in the control group (><200); B:
Morphology of apoptotic A549 cells induced by 0.5 ¢+ mol/L DAC for 72
h (><200); C: Morphology of apoptotic A549 cells induced by 2.5 ¢ mol/
L DAC for 72 h (>X200); D: Morphology of apoptotic A549 cells induced
by 12.5 ¢ mol/L DAC for 72 h (X 200).
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Table 2
Effects of DAC on A549 cell apoptosis rate (n = 5, %)

Group Cell apoptosis rate (%)

24 h 48 h 72h
Control 2.23+0.52 2.60+0.26 2.50+0.45
DAC 0.25 ¢+ mol/L 6.30-1.64 6.92+3.23 22.36+3.44a
DAC 0.5 ¢+ mol/L 11.50%2.32a 24.35+6.26b  29.36+5.34b
DAC 2.5 ¢ mol/L 13.50+3.84a 29.87+5.84b  36.54+6.34b
DAC 12.5 pmol/l.  16.20+2.53a 34.83+7.44b  42.52+8.26b

a: P<0.05, b: P<0.01, vs. control group.

4. Discussion

The development and apoptosis of tumor cells result from
coaction of many proteins and proteases in the human body.
Cell apoptosis is the process of programmed cell death and
controlled by genes[9.101. This process can help protect the
environment in the human body because only programmed
cell growing and apoptosis can balance and stabilize the
environment in the human body. This principle is used
by gene therapy, a treatment method of tumor, which uses
drugs (such as 5-fluorouracil, cisplatin, mitomycin, DAC
and Chinese herbal medicine) that can lead to programmed
death of tumor cells. Abnormal cell apoptosis can give rise
to tumor formation, abnormal immunological function and
changes in cell biological characteristicsi11-14]. Results
from this study showed that DAC inhibited the proliferation
of A549 cells as confirmed by MTT assay; that is to say,
DAC promoted the death of tumor cells and inhibited the
proliferation of tumor cells.

The effects of DAC on A549 cells are greatly different
at different doses and for different periods of time, so
much care needs to be taken over the dose and periods of
timel15.16], In this study, we also observed the morphology
of DAC—treated A549 cells and found that the cancer cells
turned from spreading status before DAC treatment to
round appearance with apoptotic characteristics including
cell shrinkage, nuclear chromatin concentration, nuclear
fragmentation, budding and apoptotic body formation after
DAC treatment. Cell apoptosis rate reached its peak after
DAC (0.5, 2.5 and 12.5 (£ mol/L) treatment for 48 and 72 h,
respectively.

Under normal circumstance, the generation and removal
of reactive oxygen species are dynamically balanced.
When the organisms are stimulated by some abnormal
physiochemical factors, a large amount of reactive oxygen
species will be produced, which destroy the balance of
oxidation—reduction, and excessive reactive oxygen species
will cause lipid peroxidationl17-19]. MDA is the end—product
of lipid peroxidation. Increased MDA activity indicates the
unbalance between DAC oxidation and anti—oxidation(20.21],
Results from this study showed that MDA activity increased
dose—dependently in DAC—treated A549 cells. SOD activity
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decreased in DAC—treated A549 cells possibly because DAC
inactivated SOD by binding SOD dynamic sites, especially
sulfhydryl-containing protein groups. This inevitably
decreases the ability of organism to remove free radicals and
increases intracellular oxidation, thereby causing oxidative
damagel22-25]. Results from this study suggest that DAC
anti—cancer drugs are effective in the treatment of lung
cancer by causing lung cancer cell apoptosis and changes
in lipid peroxidation, providing experimental evidence for
their clinical application. The underlying mechanism needs
further investigation.

Conlflict of interest statement

We declare that we have no conflict of interest.

References

[1] Lubbert M, Daskalakis M, Kunzmann R, Engelhardt M,
Guo Y, Wijermans P. Nonclonal neutrophil responses after
successful treatment of myelodysplasia with low—dose 5-aza—2-—
deoxycytidine (decitabine). Leuk Res 2004; 28: 1267-1271.

[2] Gomyo Y, Sasaki J, Branch C, Roth JA, Mukhopadhyay T. 5—aza—
2-—deoxycytidine upregulates caspase—9 expression cooperating
with p53—induced apoptosis in human lung cancer cells. Oncogene
2004; 23(40): 6779-6787.

[3] Xiao H, Chen HS. Biological functions of melanoma-associated
antigens (MAGEs) in cell activities. Cancer 2005; 24(1): 124-128.

[4] Xiao J, Chen GS. Melanoma associated antigen family role in the
cellular life activities. Cancer 2005; 24(1): 124-128.

[5]Lin Q, Zhang WM. MAGE-A family of genes and research
progress of effects on tumor growth. International J Pathol Clin Sci
2011; 31(5): 430-433.

[6] Wang GP, Zhang NG, Yang JL,, He Y, Qu YC, Lu ZJ, et al. Fusion
cell lines Eahy926 and kiss my A549 lung adenocarcinoma cancer
cells differentially expressed proteins of proteomic analysis. Chin J
Biochem Mol Biol 2011; 23(8): 367-369.

[7] Kuang P, Li XF, Li B, Wang YS, Li JY, Zhou CC. People A549
lung adenocarcinoma cancer cells and A549/DDP comparative
proteomics research. Cancer 2012; 32(3): 543-545.

[8] Pyrgiotakis, G, Bhowmick, TK, Finton, K, Suresh AK, Kane SG,
Bellare JR, et al. The cell (A549)- particle (Jasada Bhasma)
interactions using Raman spectroscopy. J Biopolymers 2008; 89(6):
187-189.

[9] Bai HP, Dai Z], Kang HF, Lu WF, Liu XX, Ma XB, et al. 5-n-2-—
deoxy cytidine acid on human breast cancer MCF-7 cell apoptosis
and Runt related transcription factor 3 gene expression. Influence
Mammary Gland Dis J (Electronic) 2013; 7(1): 683-684.

[10]JHuang D, Fang F, Xu F. TLR4-siRNA to high oxygen induced
A549 lung adenocarcinoma cancer cells of inflammatory factor
influence. Chin J Anesthesiol 2012; 32(3): 291-293.

[11]Dorai T, Aggarwal BB. The role of chemop reventive agents in

cancer therapy. J Cancer Lett 2004; 15(2): 129-140.

[12]Liu X, Chen F. Patients with lung cancer before and after
treatment serum interleukin—6, tumor necrosis factor and vascular
endothelial growth factor levels and its clinical significance. Chin
J Modern Med 2006: 2776-2778.

[13[Huang XY, Cheng X, Liang H. Different concentration of
sevoflurane on A549 lung adenocarcinoma cancer cells adhesion
ability, CD24, and the effects of CD44v6 expression. Chin J
Anesthesiol 2012; 32(1): 523-524.

[14]Agrawal M, Gadgil M. Meta analysis of gene expression changes
upon treatment of A549 cells with anti-cancer drugs to identify
universal responses. J Computers Biol Med 2012; 42(11): 315-
316.

[15]Liu XQ, Wang WX, Song ST. Gemcitabine resistance of A549 and
NCl-resistance related gene expression and H460 cells RRMI ()
and a/C gene polymorphism. J Cancer 2010; 32(1): 58-62.

[16]Liu CC, Zhu AZ, Chen XY, Tan GX, Liu GX, Zeng X. The
treatment salinomycin enhance the role of induced A549 human
lung adenocarcinoma cancer cells apoptosis. Chin J Pathol
Physiol 2012; 28(12): 62-65.

[17]Li QF, Jin GW. NP scheme combined different interval time
radiation therapy for breast cancer research on the effects of
MCF-7 cell apoptosis. Chin J Cancer Prev Control 2008; 15(6):
1623-1624.

[18]Cao LL, Xu Y, Xu SL, Jin MM, Shen C. Radix trichosanthis
polysaccharide induction of human breast cancer MCF-7 cell
apoptosis and its Caspase 3 and Caspase—8 activation effect on
apoptosis. J Zhejiang Univ (Medical Edition) 2012; 41(5): 679—
682.

[19]Xiu BH, Wang GH, Bai GZ, Zhu CX, Dai ZH, Yang XQ, et al.
CpG joint aluminium adjuvant for HCV immune humoral immune
function. Influence Biotechnol Communications 2011; 22(6): 289—
290.

[20]Li Y, Wang XH, Tan JL. New safrole oxide derivatives: short and
the in vitro antiproliferative activities a549 human lung cancer
cells. Bull Korean Chem Soc 2012; 33(11): 1231-1232.

[21]Zhou QL, Gu MN, Yang CX, Liang H, Liu Y, Lai XH, et
al. Sevoflurane for cisplatin inhibits people A549 lung
adenocarcinoma cancer cells invasion and migration ability. Chin
J Anesthesiol 2012; 32(2): 327-329.

[22]Bareschino MA, Schettino C Troiani T, Martinelli E, Morgillo
F, Ciardiello F. Erlotinib in cancer treatment. Ann Oncol 2007;
18(Suppl6): 35-41.

[23]Beal MF. Oxidativelymodified proteins in aging and diseases. J
Free Radic Riol Med 2002; 32: 797-803.

[24]Yao K, Wang KJ, Sun ZH, Tan J, Xu W, Zhu L], et al. Low
power microwave radiation inhibits the proliferation of rabbit lens
epithelial cells by upregulating P27Kip1 expression. J Mol Vis
2004; 25: 138-143.

[25]Zhang Y, Wang H, Wei L, Li G, Yu J, Gao Y, et al. Transcriptional
modulation of BCRP gene to reverse multidrug hold by toremifene

in breast adenocarcinoma cells. J Breast Cancer Res Treatment

2010; 123(3): 1842-1845.





