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Abstract
Obiective: To study the change of p53 expression in BEAS-2B cells malignant transformation process, and 

detect the role of p53 expression for lung cancer early diagnosis. 
Method: BEAS-2B cells acute expose NNK at 500 μg/ml for 24 hours, and these cells (BEAS-2BNNK cells) 

were subcultured continuously in vitro, Biological characteristics and ultrastructure of them were studied with 
Colony formation assay and electron microscopy. The change p53 expression of BEAS-2B cells were detected by 
immunohistochemical method. 

Results: The serum resistance was appeared in the 5th passage of BEAS-2BNHK cells and these cells could not 
grow into tumor in nude mice；The plating efficiency of the 15th passage of BEAS-2BNNK cells in soft agar (0.032%) 
increased 13.9 fold Compared with that of control group cells(0.0023%)P<0.001, the cells had the biological 
characteristic of transformation cells but could not grow into tumor in nude mice; The 25th passage of BEAS-2BNNK 
cells could grow into tumor in nude mice；The tumor cells were confirmed cancer cells by histopathology. The 
ultrastructrure also showed that BEAS-2BNNK cells were Transformed into cancer cells. p53 expression of BEAS-
2B cells were 10.7 ± 2.3%, but p53 expression of the 5th passage of BEAS-2BNNK cells were 43.3 ± 5.7%, the 15th 
passage of BEAS-2BNNK cells were 73.8 ± 5.2%, the 25th passage of BEAS-2BNNK cells were 92.4 ± 6.5%. The 5th,15th, 
25th passage BEAS-2BNNK cells.VS. p53 expression of BEAS-2B cells, P<0.001.

Conclusion: The model of malignant transformation of BEAS-2B cells induced by NNK(500 μg/ml) established 
successfully. The change of biological characteristic and ultrastructure indicated that the malignant transformation 
of BEAS-2BNNK cell is a Chronic, multiple-step development process. p53 overexpression appeared early stage in 
BEAS-2BNNK cells which did not change into cancer cells. It indicated that p53 expression would be as a target for 
lung cancer early diagnosis, and it was beneficial to early-warning and mass screening of lung cancer in high-risk 
smoking population.
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Introduction
Early diagnosis of cancer is a key factor for the success of treatment. 

For this reason, identification of highly sensitive and specific novel 
tumor markers is urgently needed. Research has shown that p53 gene 
mutation early events for lung cancer, p53 expression in lung cancer can 
be used as a marker for diagnosis of lung cancer by many academics. 
It may contribute to the high risk population of smoking lung cancer 
early warning and census. But the evidence is not clear. Therefore, in the 
present study human bronchial epithelial cells (BEAS-2B) were induced 
malignant transformation by NNK, Establish the model of malignant 
transformation in vitro, dynamic observation p53 expression in this 
process, and explore its role and significance in the development of 
lung cancer.

Materials and Methods
Reagents, cells line and experimental animal

 NNK was purchased from Toronto Research Chemicals Inc. LHC-8 
Serum free medium purchased from American Invotrigion Inc. BEAS-
2B was obtained from American Type Culture Collection. American 
patent number: U.S.Pat.4885238. 5 weeks old Nude mice BALB/C-nu/
nu purchased from experimental animal Center of Chengdu. 

Cell culture

BEAS-2B cells incubated with LHC-8 serum free medium at 37°C 
in 5% CO2 and 95% air. Seeding density 1 × 104/cm2. Replacement 
LHC-8 serum free medium every 2 days, BEAS-2B cell subculture 
every 4-6 days. 0.05% trypsin/EDTA solution (HyClone) was used to 
perform cell subculture.

Acute NNK exposure 

The BEAS-2BNNK cell was derived after exposure to the carcinogen 
NNK for 24 hours at a dosage of 500 μg/ml. Then discarded contained 
NNK of LHC-8 medium, washed three times with PBS and cultured 
with LHC-8 serum free medium. These BEAS-2B cells are used as 
experimental group (BEAS-2BNNK), Control group (BEAS-2B) was not 
exposure in NNK. 

Serum resistance assay

Harvested the 5th passages exponential growth phase BEAS-2BNNK 
and BEAS-2B cells. Dilution at 500 cells per 6-well tissue culture plate 
was prepared. There are 6 tissue culture plates in each group. LHC-8 
serum free medium was added with 10% fetal bovine serum in 3 tissue 
culture plates in each group. After 8 days, the suspended culture was 
fixed with Formaldehyde for 30 minutes and Giemsa stained. Cell 
colony number was counted with the microscope (more than 16 cells as 
a colony). According to the formula: vaccination rate=colony number/
inoculation cell number × 100%.
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Colony formation in soft agar assay

Harvested the 15th generation exponential growth phase BEAS-
2BNNK and BEAS-2B cells. Colony formation in soft agar was plated at 
5000 cells/well of BEAS-2BNNK and BEAS-2B cells from passages 15 in 
the upper layer (0.7% sea plague) of the two layer agar (0.7% and 1.2%) 
in a 6 cm tissue culture plate. After 3 weeks, the number of colony (a 
colony consisted of more than 50 cells) was counted, and clonogenicity 
(‰) was calculated as number of colony/total growing cell number × 
1000%.

Tumor formation in nude mice

Harvested the 5th, 15th, 25th passages exponential growth phase 
BEAS-2BNNK and BEAS-2B cells. The experimental cells were inoculated 
(1 × 107 cells/injection) at the left or the right flank subcutaneous of 
the each nude mouse (n=6 for each group). Tumorigenicity of BEAS-
2BNNK and BEAS-2B cells in nude mice were observed for 6 months, 
and the tumor was collected for further analysis and examined by 
histopathological. 

Cell morphology assay

Harvested the 5th, 15th, 25th passages exponential growth phase 
BEAS-2BNNK and BEAS-2B cells. Fixed by 4% glutaraldehyde and 1% 
osmium tetroxide for 2 hours, Alcohol and acetone dehydrated, 618# 
epoxy resin embedded, Reichert-Jtmg ultramicrotome performed 
0.5mm sections. l% toluidine blue-azure II stained, Located under the 
light microscope. Performed Ultrathin sections, Uranyl acetate and 
lead citrate stained, Observed with electron microscopy.

Immunohistochemistry analysis

Harvested the 5th, 15th, 25th passages exponential growth phase 
BEAS-2BNNK and BEAS-2B monolayer cells. rinsed with 1 × PBS three 
times and immediately fixed in ice-cold Acetone for 5 min. Cells were 
washed twice with ice-cold 1 × PBS (3 min each) and then incubated for 
10 min. Cells were washed with 1 × PBS for three times (5 min each time) 
and then incubated with hydrogen peroxide (3%) at room temperature 
for 20 min and goat serum (1.5%) (Vector Laboratory) in 1 × PBS at 
room temperature for 1 h to block unspecific binding of the antibodies 
followed by three times washing with 1× PBS. Cells were then incubated 
in the diluted p53 antibody (1:50) in goat serum (1.5%) in 1× PBS in 
a humidified chamber at 4°C overnight. After three times washing, 
cells were incubated with diluted biotinylated secondary antibody 
(1:2000; Vector Laboratory) in 1× PBS for 1 h. After washing, cells were 
incubated with VECTASTAIN ABC Reagent (Vector Laboratory) for 
30 min. Cells were then stained with diaminobenzidine (DAB; Vector 
Laboratory) solution until desired stain intensity developed. After 
washing with tap water, cells were dehydrated in gradient alcohol and 
cleared in xyline twice (5 min each time) and finally mounted with 
mounting medium. Nucleus or Nucleus and cytoplasm of the cell is 
brown yellow was positive, only the cytoplasm or no nuclear stained of 
the cell was negative.

Statistics

Data are expressed as mean ± SEM, Significant difference among 
multiple groups with one variant was determined by one-way ANOVA, 
every two groups were then compared using Newman-Keuls. The 
Student t test was used for comparisons between two groups. All 
analyses were performed using the SPSS 13.0 software. Differences with 
p<0.05 were considered significant.

Results
Serum resistance response

The experimental cells serum resistance response shown in Figure 
1. The 5th passage of BEAS-2B cells grew well in serum-free medium 
and grew inhibition in the medium containing 10% serum. The 5th 
passage of BEAS-2BNNK cells growth was not Significant inhibitory In 
the medium containing 10% serum. It indicated that the biological 
characteristics of BEAS-2BNNK cells were changed, the abilities of 
proliferation and adaptability enhanced.

Colony formation in soft agar

The experimental cells anchorage independent growth ability was 
shown in Figure 2. The 15th passage of BEAS-2B cells grew significantly 
inhibition in soft agar, but BEAS-2BNNK cells grew well in soft agar, 
Clone formation rate of BEAS-2BNNK cells is 13.9 times of BEAS-2B 
cells. It has been shown that BEAS-2BNNK cells had the characteristic of 
transformation cells. 

Tumorigenesis in nude mice

Tumor formation in nude mice shown in Figure 3. Subcutaneous 
nodules were observed in BEAS-2BNNK inoculation nude mice after 7 
weeks. Tumors were about 1.5 × 1.0 cm after 16 weeks. Tumor examined 
by histopathological, BEAS-2BNNK cells change into cancer cells. But the 
BEAS-2B cells had no Tumors formed in nude mice.

Figure 1: The experimental cells serum resistance response. 
+LHC-8 serum free medium added 10% fetal bovine serum; -LHC-8 serum 
free medium did not add 10% fetal bovine serum. A. Response of BEAS-2B 
cells in LHC-8 serum free medium. B. Response of BEAS-2B cells in LHC-8 
serum free medium added 10% fetal bovine serum. C. Response of BEAS-
2BNNk cells in LHC-8 serum free medium. D. Response of BEAS-2BNNk cells in 
LHC-8 serum free medium added 10% fetal bovine serum. •P<0.01; *P<0.01.

Figure 2: Colony formation in soft agar. A. BEAS-2B cells Colony formation in 
soft agar. B. BEAS-2BNNK cells Colony formation in soft agar. Clone formation 
rate of BEAS-2BNNK cells is 13.9 times of BEAS-2B cells. •P<0.01.
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Cell ultrastructure

The 5th, 15th, 25th passages BEAS-2BNNK and BEAS-2B cells 
ultrastructure were shown in Figure 4. Compared to BEAS-2B cells, 
morphology, number and nuclear of the 5th passages BEAS-2BNNK 
showed no significant difference. The 15th passages BEAS-2BNNK Cells 
enlargement, nuclear gradual deformation and fragmentation, nucleus 
malformation, organelle enlargement and number increased. The 25th 
passages BEAS-2BNNK Cells appeared multiple nucleoli, and had the 
obvious characteristics of cancer cells.

The result of p53 expression

p53 expression in the 5th, 15th, 25th passages BEAS-2BNNK and 

BEAS-2B showed in Figure 5. p53 expression of BEAS-2B cells (control 
group) were 10.7 ± 2.3%. p53 expression of the 5th passages BEAS-
2BNNK cells were 43.3 ± 5.7%, the 15th passages BEAS-2BNNK cells were 
73.8 ± 5.2%, and the 25th passages BEAS-2BNNK cells were 92.4 ± 6.5%. 
p53 expression of the 5th, 15th, 25th passage BEAS-2BNNKcells.VS. p53 
expression of BEAS-2B cells, P<0.001. It indicated that p53 expression 
of the BEAS-2BNNK cells in early stage, with the passages increased, p53 
expression was significantly increased.

Discussion
The major finding in this report is that p53 over expression in 

BEAS-2BNNK cells are early stage events, Moreover these p53 over 
expression cells were not changed into cancer cells. So we inferred that 
p53 is a good marker for lung cancer early diagnosis. It is beneficial 
for early-warning and mass screening lung cancer in high-risk smoking 
population.

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is a 
tobacco-specific N-nitrosamine which is considered to play important 
roles in tobacco-related human lung cancer [1-4]. mechanisms of 
NNK-induced lung carcinoma have been proposed, including (1) the 
activation of oncogenes via mutation, (2) interruption and/or silencing 
of genes encoding enzymes coupled with NNK, (3) direct manipulation 
of enzymes (specifically from the CYP protein family) responsible 
for activation and initiation of NNK-mediated processes, and (4) 
the disruption of the signal pathways [5-7]. In this study, The model 
of malignant transformation of BEAS-2B cells induced by NNK(500 
μg／ml)can be created successfully. It indicated that NNK-induced lung 
carcinoma has been proposed. During the BEAS-2B cells Malignant 
transformed, p53 expression was gradually increased, it indicated that 
p53 gene was mutant, which showed a very high incidence of multiple 
early tumors. 

The tumor suppressor gene p53 is located on the short arm of 
chromosome 17 (17p13.1) [8-13].  The gene spans 20 kb, with a 
non-coding exon-1 and a very long first intron of 10 kb. The coding 
sequence contains five regions showing a high degree of conservation in 
vertebrates, predominantly in exons 2, 5, 6, 7 and 8, but the sequences 

 

Figure 3: Tumorigenesis in nude mice. A. Tumor in nude mice was about 
1.5 × 1.0 cm after 16 weeks. B. Tumor examined by histopathological, 
representative images of H&E staining (40X), BEAS-2BNNK cells change into 
cancer cells.

 

Figure 4: The experimental Cells ultrastructure, Representative images 
(3500X). A. The ultrastructure of BEAS-2B cells. B. The ultrastructure of the 
5th passages BEASNNK-2B cells. C. The ultrastructure of the 15th passages 
BEASNNK-2B cells, BEAS-2BNNK Cells enlargement, nuclear gradual 
deformation and fragmentation, nucleus malformation, organelle enlargement 
and number increased. D. The ultrastructure of the 25th passages BEASNNK-
2B cells, BEAS-2BNNK Cells appeared multiple nucleoli, and had the obvious 
characteristics of cancer cells.

 

Figure 5: Immunohistochemistry analysis the experimental Cells p53 
expression, Representative images (40X). A. P53 expression of BEAS-2B 
cells were 10.7 ± 2.3%. B. P53 expression of the 5th passages BEAS-2BNNK 
cells were 43.3 ± 5.7%. C. P53 expression of the 15th passages BEAS-2BNNK 
cells were 73.8 ± 5.2%. D. P53 expression of the 15th passages BEAS-2BNNK 
cells were92.4 ± 6.5%. B, C, D.VS.A. P<0.01.
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found in invertebrates show only distant resemblance to mammalian 
p53 [14,15]. p53 orthologs have been identified in most mammals 
for which complete genome data are available [16-19]. p53 has many 
mechanisms of anticancer function, and plays a role in apoptosis, 
genomic stability, and inhibition of angiogenesis. In its anti-cancer 
role, p53 works through several mechansms: (1) It can activate DNA 
repair proteins when DNA has sustained damage. Thus, it may be an 
important factor in aging [20-22]. (2) It can arrest growth by holding 
the cell cycle at the G1/S regulation point on DNA damage recognition 
(if it holds the cell here for long enough, the DNA repair proteins will 
have time to fix the damage and the cell will be allowed to continue 
the cell cycle) [23-24]. (3) It can initiate apoptosis---programmed cell 
death---if DNA damage proves to be irreparable. Cells that have lost 
p53 function are likely to be selected during cancer development. In 
cells expressing a mutant p53, this protein is generally no longer able 
to control cell proliferation, which results in inefficient DNA repair 
and genetic instability. p53-deficient mice are developmentally normal 
but show a very high incidence of multiple early tumors and generally 
succumb before reaching the age of 1 year [25-26]. Moreover, when 
introduced into cells, a mutant p53 can transform and give to these 
cells a more aggressive phenotype. p53 mutations are the most frequent 
genetic events in human cancer. They have been found in most types 
of tumors, with frequencies ranging from 5% (cervix) to 50% (lung) 
[27]. p53 gene mutations can lead to the expression of a dysfunctional 
protein that in turn may enable genetically unstable cells to survive and 
change into malignant cells. p53 overexpression has been observed in 
pre-neoplastic lesions, It is beneficial to the early diagnosis for lung and 
other tobacco-related tumors.

In this report, BEAS-2B cells were induced Malignant 
transformation by NNK, p53 expression was increased in different 
passages, p53 of the 5th passages BEAS-2BNNK cells were expression 
43.3 ± 5.7%, Morphological structure of BEAS-2BNNK cells had no 
obvious change. But biological behavior of these cells was changed. 
p53 of the 15th passages BEAS-2BNNK cells expression were 73.8 ± 5.2%, 
Morphological structure of BEAS-2BNNK cells had obvious change, Cells 
enlargement, nuclear gradual deformation and Fragmentation, nucleus 
malformation, organelle cell enlargement and number increased. These 
cells had the characteristics of transformed cells. And p53 of the 25th 
passages BEAS-2BNNK cells expression were 92.4 ± 6.5%, these cells 
had already change into cancer cells. The characteristic of p53 being 
expressed before BEAS-2BNNK cells changed into cancer cells was 
beneficial to early diagnose for human lung cancer, so in this study 
we found the Evidence for p53 expression as a target for lung cancer 
early diagnosis. At the same time,  p53 expression also as a target for 
early-warning and mass screening of lung cancer in high-risk smoking 
population.
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