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Abstract
Background: The tumor suppressor gene CDKN2A generates at least three different transcriptional variants, each of 
which is thought to encode a tumor suppressor. However, the inhibitory activities of these variants have not yet been 
compared in the same cells. Protein therapy is known to have several advantages over gene therapy. Thus, 
investigation of the exogenous protein molecule of the most effective suppressor may yield meaningful information 
regarding protein-based cancer therapy.

Methods: The inhibitory effects of p16INK4a, p14ARF and p12 were studied in the human lung cancer cell line A549 
which lacks the CDKN2A locus. The eukaryotic expression plasmids of the three transcriptional variants were 
constructed and stably transfected into the cells. RNA and protein expression by the plasmids was confirmed using RT-
PCR and fluorescence immunocytochemistry, respectively. Cell growth inhibition and cell-cycle redistribution after 
transfection were investigated based on growth curve and flow cytometry analyses. An exogenous His-tag fusion 
p16INK4a protein was obtained and purified by affinity chromatography. Cell growth inhibition and cell cycle arrest 
induced by the expression of p16INK4a protein were measured in A549 cells transduced with the exogenous protein.

Results: While all three variants suppressed cell growth, p16INK4a had the strongest effect. Marked G1-phase 
accumulation and S-phase inhibition were induced by p16INK4a and p14ARF but not by p12. Exogenous p16INK4a 
protein was successfully expressed and purified and transduction of the fusion protein into A549 cells inhibited cell 
growth by G1TS arrest.

Conclusions: Among the three transcript variants, p16INK4a has a greater inhibitory effect than p14ARF and p12; 
exogenous p16INK4a protein should be further investigated for use in cancer therapy as a protein agent.

Background
The cell cycle is a strictly ordered process regulated by
positive regulators, including cyclins and cyclin-depen-
dent kinase (CDKs), and by negative regulators, such as
cyclin-dependent kinase inhibitors (CKIs) [1]. There are
two tyepes of CKIs: the INK4 family, which includes
CDKN2A, and the CIP/KIP family, of which, p21, directly
inducible by p53, is an example. Cell cycle regulators are
frequently mutated in many types of cancers such that
cancer is now considered a cell cycle disease[2]. Accord-

ingly, cell cycle regulators have become an important
focus in carcinogenesis research and cancer therapy.

The tumor suppressor gene CDKN2A, located at 9p21,
generates at least three structurally and functionally
unrelated transcriptional variants: p16INK4a, p14ARF
and p12 [3]. In terms of structure, p16INK4a and p14ARF
share the exon 2 and 3 but use unique first exons and uti-
lize different reading frames. p16INK4a utilizes exon 1α
and p14ARF utilizes exon 1β which is 20 kb upstream of
exon 1α. p12 is a splice variant of an alternative donor
splice site within intron 1 of p16INK4a which contains
exon1α and a novel intron-1-encoded C-terminus[4].
(Figure 1). The protein products of these transcripts
function via different pathways. p16INK4a specifically
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binds to the cyclin-dependent kinases CDK4/6, thereby
inhibiting the phosphorylation of the retinoblastoma pro-
tein (pRB) and causing cell-cycle arrest at the G1 phase
[5]. p14ARF interacts with MDM2, which targets p53 for
degradation, thereby inducing p53-dependent cell-cycle
arrest in both G1 and G2 phases [6,7]. p53 participates in
a wide range of activities including growth arrest, DNA
repair and apoptosis and nearly 50% of human tumors
have defects in p53 [8]. Less is known about p12; pRB-
independent growth suppression by p12 was reported in
pancreatic cells, but the tumor suppressive and cell-cycle
effects of this protein are as yet unclear [4].

The CDKN2A locus is frequently inactivated in a wide
variety of tumors[9-12]. Kamb examined 290 tumor cell
lines and detected CDKN2A deletion in 133 of them [13].
Park examined 31 non-small cell lung cancer (NSCLC)
cell lines and found that the inactivation rate of
p16INK4a and p14ARF was 84% and 55% respectively.
Significantly, p16INK4a was inactivated in all cell lines in
which p14ARF was inactivated[14]. Conversely, restora-
tion of the transcripts in tumors with endogenous expres-
sion deficiency has been shown to reverse the malignant
phenotypes of many tumors. In lung cancer cells, for
examples, Zhang X et al restored the expression of
p16INK4a in A549 cells and showed that p16INK4a could
suppress cell growth and block G1-S cell cycle transition
both in vitro and in vivo[15]. Elevated p16INK4a protein
expression also enhanced the sensitivity to cisplatin treat-
ment of NSCLC cells[16]. Xie Qi-chao et al co-trans-
fected p16INK4a and p14ARF into the A549 cells and
found that cell growth arrest and apoptosis were induced
[17]. As for p12, little is known about its status and
tumor-suppressive effects. Keith et al transfected a p12
eukaryotic expression vector into C-33A and PANC-1
cells and found that the expression of the protein sup-
pressed cell growth by 40% and 60%, respectively, and

found no relationship with RB state. While all three tran-
scripts are potential tumor suppressors in different
genetic backgrounds, they may have different effects and
mechanisms. So far, the activity of the transcriptional
variants under the same condition has not been studied,
nor is it known which variant has the strongest suppres-
sion effect.

Inactivation of the CDKN2A locus has been shown to
efficiently impair expression of the three transcripts
simultaneously [18]. Thus, in tumors deficient in all three
transcripts, it is of interest to compare the effects of each
one against the same tumor background, considering the
potential significance of the findings with respect to can-
cer therapy. Accordingly, the aim of the present study was
to individually restore expression of the three transcripts
in a lung-cancer cell line with endogenous expression
deficiency and then to compare the inhibitory effects of
each one. Distinguishing the different effects of the
CDKN2A variants will identify whether they differ in
their growth-inhibiting effects. This approach will, in
addition, reveal the function of p12 in lung cancer cells

Along with gene therapy, the use of protein therapeutic
agents is rapidly developing[19,20]. More encouragingly,
protein therapy has been shown to overcome the draw-
backs of vector-associated toxicity and immune
responses associated with gene therapy and to avoid its
delayed therapeutic impacts due to the need for tran-
scription and translation of the encoded protective pro-
tein[21]. It is therefore meaningful to identify the most
effective and useful suppressor for future applications as
a protein therapeutic agent.

Here, the different growth inhibition effects of
p16INK4a, p14ARF and p12 were investigated in a study
that included the exogenous expression, purification and
function of the p16INK4a protein. Our results demon-
strated the different effects of the three transcripts on cell

Figure 1 The three transcriptional variants of CDKN2A. The CDKN2A gene located at 9p21 generates three transcriptional variants at transcription: 
p16INK4a, p14ARF and p12. p16INK4a utilizes exon1α, and p14ARF utilizes exon 1β which is about 20 kb upstream of exon 1α. p16INK4a and p14ARF 
share common exon 2 and exon 3 but use different reading frames. p12 uses an alternative splice donor site within intron1 of p16INK4a.
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growth and their activity at different phases of the cell
cycle. Among the three variants, p16INK4a was shown to
more effectively suppress the growth of A549 lung cancer
cells. Our research on the p16INK4a protein could facili-
tate or improve the basic understanding of future cancer
biotherapy with the p16INK4a protein.

Methods
Cell culture
The human lung cancer cell line A549, deficient in the
CDKN2A locus and wild-type in RB and p53 [22], was
obtained from the Cell Resource Center of the Shanghai
Academy of Sciences The cells were cultured in F12-K
medium (Sigma-Aldrich, St.Louis, MO) supplemented
with 10% fetal bovine serum (FBS) (GIBCO BRL) in a
humidified 5% CO2 air incubator at 37°C.

Plasmids construction and stable transfection
Full-length fragments of complementary DNA (cDNA)
corresponding to p16INK4a, p14ARF and p12 were
obtained by reverse transcription polymerase chain reac-
tion (RT-PCR) from AGZY and H446 cells and normal
pancreas tissue, respectively, which were positive for the
respective transcript. The PCR products were cloned into
pGEM-T vector (Promega, Medison, WI). The PCR
products were cloned into the vector pGEM-T (Promega,
Medison, WI) and the transcripts PCR-amplified using
primers containing the same restriction-enzyme sites as
the clone vector plasmids. Primers for p16INK4a were 5'-
CCCAAGCTTGCATGGAGCCGGCGGCG-3' and 5'-
CGGGATCCCTTTCAATCGGGGATGT-3'. Primers for
p14ARF were 5'-CCCAAGCTTAGATGGGCAG-
GGGGCGG-3' and 5'-CGGGATCCCTCCTCAGCCAG-
GTCCA-3'. Primers for p12 were 5'-
CCCAAGCTTGCATGGAGCCGGCGGCG-3' and 5'-
CGGGATCCCCTCATTCCTCTTCCTT-3'. The PCR
products and pcDNA3 vector were double-digested with
HindIII and BamHI (TaKaRa, Japan). Eukaryotic expres-
sion plasmids were constructed, verified by DNA
sequencing, and then used to transfect A549 cells using
the Lipofectamine 2000 transfection reagent (Invitrogen,
Carlsbad, CA). Transfection of the empty pcDNA3 vector
served as the control. The stably transfected cells were
screened by adding 600 mg G418/L for 14 days. Positive
cell clones were selected and gene expression subse-
quently confirmed by RT-PCR (with the same primers as
described above) and fluorescence immunocytochemis-
try analyses.

Protein expression, purification and transduction
p16INK4a cDNA was PCR-amplified from clone vector
plasmids with primers 5'-TACCGAGCTCGGATCCCG-
GAGAG-3' and 5'-GTCTCGAGCATGCATCTAGAG-3'.
The p16INK4a cDNA and the pQE-31 vector (QIAGEN)

were double-digested with BamHI and SphI (TaKaRa,
Japan). The PQE31-p16INK4a plasmid was constructed
and transformed into BL21(DE3) competent cells. The
positive clone (confirmed by DNA sequencing) was
grown at 37°C in LB medium supplemented with 100 mg
ampicillin/L until the absorbance at 600 nm reached 0.6.
Protein expression was induced overnight at 25°C with
isopropy-β-D-thiogalactoside (IPTG) at a final concen-
tration of 0.1 mmol/L. The Cells were harvested, resus-
pended in 20 mL lysis buffer (0.5 M/L NaH2PO4, 0.5 M/L
Na2HPO4, 29.3 g NaCl/L, pH 7.4), lysed by ultrasonica-
tion and centrifuged at 12,000 ×g for 30 minutes at 4°C.
The supernatant was loaded onto a Ni2+-Agarose column.
Nonspecific binding was removed with washing buffer
(50 mmol Na2HPO4/L, 0.3 mol NaCl/L, 10--50 mmol
imidazole/L, pH 8.0). The His-tag fusion p16INK4a pro-
tein was eluted with elution buffer (50 mmol Na2HPO4/L,
0.3 mol NaCl/L, 20--200 mmol imidazole/L, pH 8.0).
Purified protein was analyzed by 12% SDS-PAGE and
Western-blotting. Protein was transduction into A549
cells using Lipofectamine 2000 reagent. After 6 h of incu-
bation, the culture mixture was replaced with fresh
medium. The transduction efficiency was verified by flu-
orescence immunocytochemistry.

Western blot analysis
Fifty μg protein was separated by 12% SDS-PAGE and
transferred to polyvinylidene difluoride membranes
(Immobilon-P; Millipore, Bedford, MA). The membranes
were blocked, washed, and then incubated with primary
p16INK4a antibody (monoclonal mouse anti-human,
Santa Cruz, 1:200) for 1 h, followed by a second wash and
incubation with secondary antibody (monoclonal goat
anti-mouse, 1:2000) for 1 h. Bands were visualized using
an enhanced chemiluminescence (ECL) detection kit
(Amersham, UK).

Fluorescence immunocytochemistry
Plasmids- or protein- transduced cells were seeded on
cover slips in 6-well plates at a density of 5 × 104 cells/mL.
After 24 h of incubation, cells adhered to cover slips were
washed in cold phosphate-buffered saline (PBS), fixed in
4% paraformaldehyde for 15 min, and permeabilized in
PBS with 0.1% Triton X-100 for 15--20 min. The fixed
cells were then incubated in 1:200 diluted primary anti-
bodies (anti-human p16INK4a/p12 was from Santa Cruz
(SC-468), and anti-human p14ARF from Fujian Maixin
Corp., China) at 37°C for 2 h, washed, and incubated for 2
h with 1:50 diluted FITC-conjugated secondary antibod-
ies (Beijing Zhongshan Golden Bridge Biotechnology
Corp., China). The pcDNA-vector-transfected cells were
stained with anti-p16INK4a/p12 and anti-p14ARF anti-
bodies. The nuclei of A549 cells transduced with
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p16INK4a protein were counterstained using Hoechst
stain.

Cell growth suppression assays
Transduced cells or control cells were seeded onto 24-
well plates at an initial density of 1 × 104 cells/mL and
then trypsinized, harvested, and counted at 24-h intervals
(plasmid transfection groups) or 12-h intervals (protein
transduction groups). The cell number at each time point
was determined in three separate wells and experiments
were independently repeated at least three times.

Cell cycle analysis
The redistribution of cells in the cell cycle was analyzed
by flow cytometry analysis. After 48 h of cultivation,
transduced cells and the control groups were harvested
by trypsinization, washed with PBS and fixed in 75% eth-
anol at 4°C for 24 h. The cycle TEST? PLUS DNA Reagent
Kit (BD Biosciences, San Jose, CA) was used for cell sam-
ple preparation and DNA staining according to the man-
ufacturer's guidelines. Cell cycle distribution was
analyzed by flow cytometry analysis (Bio-Rad, Richmond,
CA). All experiments were repeated at least three times.

Statistical analysis
All values are expressed as means ± SD. Student's t-test
was used to assess statistical differences. A p value < 0.05
was considered significant.

Results
Construction and identification of A549 cell clones stably 
expressing exogenous p16INK4a, p14ARF and p12
Full-length cDNAs were cloned into pcDNA3 vectors
designated as pcDNA3-p16INK4a, pcDNA3-p14ARF,
and pcDNA3-p12, verified by DNA sequencing (data not
shown), and stably transfected into A549 cells. Positive
cell clones were identified by G418 screening for 14 days
and the expression of exogenous p16INK4a, p14ARF, or
p12 examined by RT-PCR and immunocytochemical
assays.

RT-PCR of the transfected cells confirmed the presence
of products of the expected sizes (493, 543, and 372 bp)
(Figure 2a). Immunocytochemical assay results were in
agreement with the RT-PCR results and showed signifi-
cant green fluorescence in cells transfected with each of
the three transcripts, thus demonstrating protein expres-
sion. The empty-plasmid group stained with anti-
p16INK4a/p12 and anti-p14ARF antibodies did not show
fluorescence, excluding the background signals (Figure
2b).

Differential effects of p16INK4a, p14ARF and p12 on growth 
control of A549 cells
Growth arrest effects of the three transcripts were
assessed by measuring the growth of the stably trans-

fected clones over a period of 1 week at 24-h intervals.
Figure 3a shows a reduction in the growth rate of cells
transfected with p16INK4a, p14ARF, and p12 compared
with the control group after day 3. During the following 3
days, the growth suppression effects became even more
pronounced. As seen in Figure 3b, on the final day of cell
counting, proliferation of the cells carrying any one of the
three transcriptional variants was significantly inhibited
compared to cells carrying the empty expression vector.
Moreover, p16INK4a had a greater suppressive effect
than p14ARF and p12.

To determine the mechanisms responsible for cell
growth suppression, the stable transfected cells were ana-
lyzed by flow cytometry, which allowed comparison of
the cell cycle distribution of the cells after 48 h of subcul-
ture (Figure 3c). Both p16INK4a and p14ARF induced
marked increases in the number of cells in G0/G1 phase

Figure 2 Identification of stable A549 cell clones for RNA and pro-
tein expression.a. RT-PCR detection of RNA expression of p16INK4a 
(lane 1), p14ARF (lane 2) and p12 (lane 3). The products were analyzed 
by 1% agarose gel electrophoresis. Lane M was loaded with DL 2000 
DNA marker, with sizes shown on the left. b. Immunocytochemical as-
says detected expression of p16INK4a, p14ARF and p12 proteins in the 
cell clones. No specific signal was detected in the negative control 
(pcDNA3 vector-transfected cells).
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and a decrease in the number of those in S phase,
whereas pcDNA3-p12-transfected cells shows no signifi-
cant cell cycle changes.

Since p16INK4a had the greatest growth suppressive
effects, the protein was investigated in further studies,
described below.

Expression of exogenously induced p16INK4a transduced 
into A549 cells
To produce exogenous p16INK4a protein, plasmid
pQE31-p16INK4a-BL21 was generated and confirmed by
DNA sequencing. Figure 4a shows the almost complete
absence of bacterial protein expression before IPTG
induction, whereas after induction, a His-tag fusion pro-
tein of approximately 20 kDa was produced that was
present in abundance in the supernatant of an extract
prepared from the bacterial cells. For protein purification,
the supernatant was loaded onto a Ni2+-affinity chroma-
tography columns and cell proteins eluted with different

concentrations of imidazole. The target protein was
found to be enriched in the 100 mM imidazole eluent. All
samples were analyzed by 12% SDS-PAGE. The
p16INK4a fusion protein was further verified by Western
blotting using a specific anti-p16INK4a antibody (Figure
4b).

Purified p16INK4a fusion protein was transduced into
A549 cells and transduction efficiency was examined by
fluorescence immunocytochemistry. As shown in Figure
4c, all A549 cell nuclei were positive for Hoechst fluores-
cence and about 50% were positive for FITC, indicating
that these cells had been successfully transduced with
p16INK4a.

Growth suppression of A549 cells following p16INK4a 
induction
To evaluate the effect of p16INK4a on cell growth, the
growth curves of A549 cells transduced with the protein
were compared with those of control cells (A549 cells

Figure 3 Cell growth inhibition and cell cycle redistribution analyses of stably transfected A549 cells. a. Cell growth curve analysis in one rep-
resentative experiment. Data shown are the mean ± standard deviation of triplicate wells. b. Comparison of cell growth inhibition effects of p16INK4a, 
p14ARF and p12 on the final day of cell counting, based on three independent experiments. It was shown that all three transcripts significantly sup-
pressed cell growth compared with the empty vector, but p16INK4a had the strongest effect. Error bars represent the standard deviation.* p < 0.05, ** 
p < 0.01. c. The percentage of stable clone cells at each stage of the cell cycle 48 h after subculture. p16INK4a and p14ARF induced clear G0/G1-phase 
accumulation and a decrease in the number of cells in S phase. p12 did not have a significant effect on the A549 cell cycle. Data shown are the mean 
± standard deviation of three independent experiments. * p < 0.05.
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incubated with Lipofectamine 2000). Cells transduced
with p16INK4a the day before the start of the experiment
were counted at 12-h intervals. Figure 5a shows that, 36 h
after cell subculture, p16INK4a began to induce growth
retardation. At 72 h, p16INK4a had significantly sup-
pressed proliferation compared with the control (Figure
5a, b). Furthermore, cell cycle changes, as analyzed by
flow cytometry (Figure 5c), showed that the presence of
exogenous p16INK4a resulted in a marked retardation of
the G1TS transition of A549 cells 48 h after transduction.

Discussion
As a tumor suppressor, CDKN2A is an important gene
because its inactivation abrogates two fundamental path-
ways, that of pRB and p53, both of which are involved in
carcinogenesis and tumor progression. So far, the distinct
tumor suppressive effects of p16INK4a and p14ARF have
been established, but those of p12 have not. Furthermore,
to the best of our knowledge, the effects of the three tran-
scripts have not been compared.

The human A549 cell line is a good model to investigate
the suppression effects of each of the three transcript
variants. The advantages of this cell line are as follows:
First, the CDKN2A locus is homozygously deleted in this
cell line, such that there is no interference from the
endogenous proteins. This is an important consideration
since the effects of p16INK4a were shown in a previous
study to be associated with endogenous p16INK4a status
[23,24]. Previous research in our laboratory also demon-
strated that introduction of p16INK4a neither suppresses
growth nor decreases colony formation rates by Anip973
and AGZY83-a cells expressing endogenous wild-type
p16INK4a [25]. Second, the A549 cell line is wild-type in
RB and p53. Therefore, p16INK4a and p14ARF plasmids
can be expected to successfully act on the pRB and p53
pathways. As to the methods used in this study, the use of
stable transfectants confers several advantages as it elimi-
nates a source of variability in transfection efficiency,
which facilitated parallel comparison experiments. Fur-
thermore, the characteristics of cells stably transfected
with p16INK4a have been shown to differ from those
transiently transfected with the vector; transient
p16INK4a transfection induces apoptosis whereas stable
transfection markedly suppresses cell growth and cloning
efficiency [26].

Research on p12 has been hindered as the gene is
expressed in normal pancreas tissue, which is difficult to
obtain in a well-preserved state. We successfully con-
structed a eukaryotic expression vector carrying p12 and
were thus able to show that the gene acts as a prolifera-
tion inhibitor in A549 cells. Thus, our research provides
evidence that p12 has tumor suppressive effects not only
in pancreatic and cervical cancer cell lines, as previously
reported, but also in a lung cancer cell line. The effects of
p12 on other cell types will be investigated in future stud-
ies. Interestingly, however, p12 had no clear effect on the
cell cycle of A549 cells. This finding is in accordance with
the report that p12 cannot bind cyclin-dependent kinase
CDK4 and acts in a pRb-independent manner [4]. The
exact mechanism by which p12 suppresses cell growth
remains to be determined. The p12 expression plasmid
constructed as part of this study will facilitate investiga-
tions into the mechanistic pathway of this transcript.

The different growth suppressive effects of the three
transcripts and the possible mechanisms responsible for
these differences were compared in growth arrest experi-
ments and by cell cycle analysis. All three transcripts
showed significant growth arrest effects compared with
the control. Specifically, p16INK4a and p14ARF caused
marked G1-phase accumulation and a decrease in the
number of cells in S phase, both of which explain the
observed growth inhibition. Notably, p16INK4a had the
greatest growth suppressive effect among the three vari-
ants while the effects of p14ARF and p12 were similar.

Figure 4 Purification, verification, and transduction of exoge-
nous p16INK4a fusion protein. a. Successful expression and purifica-
tion of the p16INK4a fusion protein was confirmed by 12% SDS-PAGE 
analysis. The bacterial sample before IPTG induction showed almost no 
protein expression (lane 1). After IPTG induction and centrifugation, 
p16INK4a fusion protein was abundant in the clear supernatant (lane 
3) (indicated by the arrow) and absent from the bacterial precipitate 
(lane 2). The supernatant was loaded onto a Ni2+-affinity chromatogra-
phy column, which binds the His-p16INK4a fusion protein. Nonspecif-
ically bound proteins were removed with washing buffer; the flow-
through liquid can be seen in lane 4. Elution buffer with different con-
centrations of imidazole was used to elute the p16INK4a fusion pro-
tein: 20 mM (lane 5), 50 mM nt (lane 6), 100 mM (lane 7) and 200 mM 
(lane 8) were. The fractions were assessed by SDS-PAGE and the sam-
ple corresponding to the 100 mM imidazole eluent (lane 7) was found 
to contain p16INK4a fusion protein of high purity (arrow). b. The puri-
fied protein was verified by Western-blot analysis using the specific 
p16INK4a antibody. c. Immunocytochemical assay to assess transduc-
tion efficiency. All nuclei of A549 cells stained with Hoechst fluorescent 
and the exogenous p16INK4a protein was detected in about 50% of 
cells, as shown by the FITC signal. As shown in the figure, the transduc-
tion efficiency was about 50%.
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This result provides meaningful information in the con-
text of tumor suppressor selection, especially in cells in
which CDKN2A is inactivated.

As an important complement to gene therapy, protein
therapy has its own advantages and its future applications
are promising. The administration of protein therapeutic
agents has proved to be feasible and effective both in vitro
and in vivo [27-29]. In the present study, p16INK4a was
exogenously expressed and purified and its tumor sup-
pression effects verified in the A549 cell line. This protein
is of interest for the following reasons: First, p16INK4a
more effectively inhibited cell growth than either p14ARF
or p12. Second, p16INK4a has a low molecular weight,
which makes it suitable for protein therapy applications.
Third, in contrast to other proteins such as p53, which is
involved in a broad range of biological activities,
p16INK4a specifically binds CDK4/6. In the present
study, the protein was successfully purified and demon-
strated to inhibit the proliferation of A549 cells in vitro.
The structure and function of p16INK4a will be studied
in further investigations, which are likely to provide
insight into the use of this protein as a therapeutic agent.

Conclusions
Our research is the first to show that, although all three
transcripts of the CDKN2A gene can suppress the growth
of lung cancer cells with an inactivated CDKN2A locus,
they have different effects, with the growth inhibitory
effect of p16INK4a being the strongest. Inhibitory effects
on cell growth by p16INK4a and p14ARF, but not by p12,
involve cell cycle redistribution. Thus, p16INK4a may be
a candidate agent for cancer biotherapy.
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Figure 5 Cell growth inhibition and cell cycle redistribution effects of p16INK4a in A549 cells. Cell growth curve in a representative experiment 
(a) and analysis of the differential inhibition effects of the three variants in three independent experiments carried out after 72 h of subculture (b). 
Significant growth retardance was exerted by p16INK4a compared with the control. The protein was transduced the day before cell counting. Data 
shown are the mean ± standard deviation of triplicate wells or experiments. **p < 0.01. c. p16INK4a protein caused evident accumulation of A549 cells 
in G1 phase and a decrease of those in S phase at 48 h after subculture. Data shown are the mean ± standard deviation of three independent exper-
iments. *p < 0.05.

0
1
2
3
4

5
6
7
8

0 12 24 36 48 60 72

time (hours)

ce
ll 

nu
m

be
r (

×1
04 /m

L)

lipo (+)

lipo(+) +
p16INK4a

0

1

2

3

4

5

6

7

8

lipo (+) lipo(+) + p16INK4a

ce
ll 

nu
m

be
r(×

10
4  /m

L)

**

0

20

40

60

80

100

G0/G1 S G2/M

%
 o

f c
el

ls lipo(+)

lipo(+)+p16INK4a
*

*

a b

c



Zhang et al. Journal of Experimental & Clinical Cancer Research 2010, 29:74
http://www.jeccr.com/content/29/1/74

Page 8 of 8
Author Details
1Laboratory of Medical Genetics, Harbin Medical University, Harbin 150081, 
China and 2Key Laboratory of Medical Genetics (Harbin Medical University), 
Heilongjiang Higher Education Institutions, Harbin 150081, China

References
1. Michalides RJ: Cell cycle regulators: mechanisms and their role in 

aetiology, prognosis, and treatment of cancer.  J Clin Pathol 1999, 
52(8):555-568.

2. Park MT, Lee SJ: Cell cycle and cancer.  J Biochem Mol Biol 2003, 
36(1):60-65.

3. Sharpless NE: INK4a/ARF: a multifunctional tumor suppressor locus.  
Mutat Res 2005, 576(1-2):22-38.

4. Robertson KD, Jones PA: Tissue-specific alternative splicing in the 
human INK4a/ARF cell cycle regulatory locus.  Oncogene 1999, 
18(26):3810-3820.

5. Wang GL, Lo KW, Tsang KS, Chung NY, Tsang YS, Cheung ST, Lee JC, 
Huang DP: Inhibiting tumorigenic potential by restoration of p16 in 
nasopharyngeal carcinoma.  Br J Cancer 1999, 81(7):1122-1126.

6. Ivanchuk SM, Mondal S, Dirks PB, Rutka JT: The INK4A/ARF locus: role in 
cell cycle control and apoptosis and implications for glioma growth.  J 
Neurooncol 2001, 51(3):219-229.

7. Wei W, Hemmer RM, Sedivy JM: Role of p14(ARF) in replicative and 
induced senescence of human fibroblasts.  Mol Cell Biol 2001, 
21(20):6748-6757.

8. Kaelin WG Jr: The emerging p53 gene family.  J Natl Cancer Inst 1999, 
91(7):594-598.

9. Kawamoto K, Enokida H, Gotanda T, Kubo H, Nishiyama K, Kawahara M, 
Nakagawa M: p16INK4a and p14ARF methylation as a potential 
biomarker for human bladder cancer.  Biochem Biophys Res Commun 
2006, 339(3):790-796.

10. Lee M, Sup Han W, Kyoung Kim O, Hee Sung S, Sun Cho M, Lee SN, Koo H: 
Prognostic value of p16INK4a and p14ARF gene hypermethylation in 
human colon cancer.  Pathol Res Pract 2006, 202(6):415-424.

11. Almeida LO, Custodio AC, Araujo JJ, Rey JA, Almeida JR, Santos MJ, Clara 
CA, Casartelli C: Mutational analysis of genes p14ARF, p15INK4b, 
p16INK4a, and PTEN in human nervous system tumors.  Genet Mol Res 
2008, 7(2):451-459.

12. Pacifico A, Goldberg LH, Peris K, Chimenti S, Leone G, Ananthaswamy HN: 
Loss of CDKN2A and p14ARF expression occurs frequently in human 
nonmelanoma skin cancers.  Br J Dermatol 2008, 158(2):291-297.

13. Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K, Tavtigian SV, 
Stockert E, Day RS, Johnson BE, Skolnick MH: A cell cycle regulator 
potentially involved in genesis of many tumor types.  Science 1994, 
264(5157):436-440.

14. Park MJ, Shimizu K, Nakano T, Park YB, Kohno T, Tani M, Yokota J: 
Pathogenetic and biologic significance of TP14ARF alterations in 
nonsmall cell lung carcinoma.  Cancer Genet Cytogenet 2003, 141(1):5-13.

15. Zhang X, Jin Y, Tao X, Bai M: Effects of exogenous p16(ink4a) gene on 
biological behaviors of human lung cancer cells.  J Huazhong Univ Sci 
Technolog Med Sci 2007, 27(1):37-40.

16. Fang K, Chiu CC, Li CH, Chang YT, Hwang HT: Cisplatin-induced 
senescence and growth inhibition in human non-small cell lung cancer 
cells with ectopic transfer of p16INK4a.  Oncol Res 2007, 16(10):479-488.

17. Xie QC, Hu YD, Wang LL, Chen ZT, Diao XW, Wang ZX, Guan HJ, Zhu B, Sun 
JG, Duan YZ, Chen FL, Nian WQ: The co-transfection of p16(INK4a) and 
p14(ARF) genes into human lung cancer cell line A549 and the effects 
on cell growth and chemosensitivity.  Colloids Surf B Biointerfaces 2005, 
46(3):188-196.

18. Yang G, Rajadurai A, Tsao H: Recurrent patterns of dual RB and p53 
pathway inactivation in melanoma.  J Invest Dermatol 2005, 
125(6):1242-1251.

19. Matsui H, Tomizawa K, Lu YF, Matsushita M: Protein Therapy: in vivo 
protein transduction by polyarginine (11R) PTD and subcellular 
targeting delivery.  Curr Protein Pept Sci 2003, 4(2):151-157.

20. Ohta Y, Kamiya T, Nagai M, Nagata T, Morimoto N, Miyazaki K, Murakami T, 
Kurata T, Takehisa Y, Ikeda Y, Asoh S, Ohta S, Abe K: Therapeutic benefits 
of intrathecal protein therapy in a mouse model of amyotrophic lateral 
sclerosis.  J Neurosci Res 2008, 86(13):3028-3037.

21. Ju KL, Manley NC, Sapolsky RM: Anti-apoptotic therapy with a Tat fusion 
protein protects against excitotoxic insults in vitro and in vivo.  Exp 
Neurol 2008, 210(2):602-607.

22. Gao N, Hu YD, Cao XY, Zhou J, Cao SL: The exogenous wild-type p14ARF 
gene induces growth arrest and promotes radiosensitivity in human 
lung cancer cell lines.  J Cancer Res Clin Oncol 2001, 127(6):359-367.

23. Craig C, Kim M, Ohri E, Wersto R, Katayose D, Li Z, Choi YH, Mudahar B, 
Srivastava S, Seth P, Cowan K: Effects of adenovirus-mediated p16INK4A 
expression on cell cycle arrest are determined by endogenous p16 and 
Rb status in human cancer cells.  Oncogene 1998, 16(2):265-272.

24. Arap W, Nishikawa R, Furnari FB, Cavenee WK, Huang HJ: Replacement of 
the p16/CDKN2 gene suppresses human glioma cell growth.  Cancer 
Res 1995, 55(6):1351-1354.

25. Bai-qiu W, Cheng-hui Y, Hui G, Song-bin F, Pu L: Growth inhibition of 
transfection of p16 gene to lung adenocarcinoma cell lines Anip973 
and AGZY83-a.  Chin J Lung Cancer 2001, 4(6):.

26. Yi-zhao C, Rui-xiang X, Shi-zhong Z, Ling Z: Different effects of p16 gene 
on human glioma cell lines through different transfection methods.  Ai 
Zheng 2000, 19(2):116-120.

27. Harbour JW, Worley L, Ma D, Cohen M: Transducible peptide therapy for 
uveal melanoma and retinoblastoma.  Arch Ophthalmol 2002, 
120(10):1341-1346.

28. Schwarze SR, Ho A, Vocero-Akbani A, Dowdy SF: In vivo protein 
transduction: delivery of a biologically active protein into the mouse.  
Science 1999, 285(5433):1569-1572.

29. Sun J, Yan Y, Wang XT, Liu XW, Peng DJ, Wang M, Tian J, Zong YQ, Zhang 
YH, Noteborn MH, Qu S: PTD4-apoptin protein therapy inhibits tumor 
growth in vivo.  Int J Cancer 2009, 124(12):2973-2981.

doi: 10.1186/1756-9966-29-74
Cite this article as: Zhang et al., Comparison of the inhibitory effects of three 
transcriptional variants of CDKN2A in human lung cancer cell line A549 Jour-
nal of Experimental & Clinical Cancer Research 2010, 29:74

Received: 31 March 2010 Accepted: 17 June 2010 
Published: 17 June 2010
This article is available from: http://www.jeccr.com/content/29/1/74© 2010 Zhang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Journal of Experimental & Clinical Cancer Research 2010, 29:74

http://www.jeccr.com/content/29/1/74
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10645224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12542976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15878778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10445844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11564860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10203277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16316628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16675157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18551412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18070208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8153634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12581892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17393105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18196872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16337111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16354195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12678854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18543336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18207142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9464545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7882335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12365913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10477521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19326452


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


