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Abstract
AIM: To construct pcDNA3.1-Egr.1p-p16 recombinant 
plasmid and investigate the expression of p16 in 
pancreatic cancer JF305 cells induced by radiation 
and the feasibility of gene radiotherapy for pancreatic 
carcinoma.

METHODS: Human p16 cDNA was l igated to the 
downstream of Egr-1 promotor to construct pcDNA3.1-
Egr.1p-p16 plasmid by restriction enzyme digested. The 
recombined plasmids were transfected into pancreatic 
cancer JF305 cells with lipofectamine. p16 mRNA level 
was detected by RT-PCR. The expression of p16 after 
different doses of X-ray radiation was detected by 
Western blot technique. Cell survival was assessed by 
clonogenic assays and cell viability was analysed by 
trypen blue exclusion. Flow cytometry was performed to 
study the apoptosis of JF305 cells.

RESULTS: Restriction enzyme digestion showed the 
correctly constructed pcDNA3.1-Egr.1p-p16. The p16 
expression in cells transfected with pcDNA3.1-Egr.1p-p16 
induced by different doses of radiation was higher than 
that in the control group (P < 0.05). Eight hours after 
2 Gy X-ray radiation, the expression reached its peak 

(87.00 ng/L), and was significantly higher than that in 
the control group (P < 0.0.5). Clonogenic analysis and 
trypan blue extraction test showed that the pcDNA3.1-
Egr.1p-p16 transfer enhanced radiation-induced cell 
killing in p16-null JF305 cell lines. The induction of 
apoptosis was lower in combined transfection and 
irradiation group than that in irradiation alone.

CONCLUSION: X-ray can induce the recombinant 
plasmid pcDNA3.1-Egr.1p-p16 expression in JF305 cells. 
The detection of dose and time provides an experimental 
basis for in vivo  study in future.

© 2007 WJG. All rights reserved.
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INTRODUCTION
While traditional surgery, chemotherapy and radiation 
therapy conveyed significant cure rates for many types of  
cancer, the results are less encouraging for other types due 
to the inability to optimally localize the activity of  thera-
peutic agents to tumor cells and limit damage to normal 
tissue, thus allowing curative doses to be delivered. This can 
be improved as recent advances in gene therapy, in which 
transgene delivered by viral or non-viral vectors is intro-
duced into tumor cells, can potentially provide new means 
of  targeting toxicity such as selective transgene activation[1-3]. 
The delivery of  therapeutic genes into cancer cells or nor-
mal tissues of  cancer patients is an important strategy in 
cancer therapy[4]. Previous studies have shown that the six 5’ 
CarG [CC(A+T rich) GG] elements mediate transcriptional 
induction of  the Egr-1 gene promoter following ionizing 
radiation. Transcriptional activation of  the Egr-1 gene by 
ionizing radiation appears to be a direct consequence of  the 
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production of  reactive oxygen intermediates. It is an effec-
tive approach that uses the specificity of  the Egr-1 promoter 
to construct the radiation-inducible gene expression system 
with destination gene[5-7]. In 1994, Weichselbaum linked 
DNA sequences from the promotor region of  Egr-1 to 
a complementary DNA sequence which encodes human 
tumor necrosis factor alpha (TNF-α). By transfecting Egr-
TNF into a human HL525 cell line, combined gene and 
radiation therapy can enhance tumor cure rate without 
increasing toxicity in normal tissue and is a new paradigm 
for cancer treatment[8]. The p16 tumor suppressor gene 
is localized to chromosome 9p21 and its protein product 
inhibits cyclin D and CDK4/6 in G1. Restraint of  cell 
division cycle in cell proliferation defines p16 as a negative 
regulation factor for cell division[9-11]. To study the feasibil-
ity of  radiation inducible gene therapy, we constructed the 
CarG elements of  the Egr-1 promoter- ligated upstream 
of  cDNA for p16 (pcDNA3.1-Egr.1p-p16) and investigat-
ed the expression of  p16 in pancreatic cancer JF305 cells 
induced by radiation.

MATERIALS AND METHODS
Cell culture
Human pancreatic cancer JF305 cells were obtained from 
China Medical University. Cells were grown in RPMI 1640 
(GIBCO Company, Grand Island, NY, USA).The medium 
was supplemented with 10% fetal calf  serm, 100 U/mL 
penicillin, and 100 μg/mL streptomycin. The cells were 
incubated at 37℃ in a humidified atmosphere of  5% CO2 
and sub-cultured when confluence was reached. The me-
dium was changed every 5 d.

Plasmid construction
pMD18-T and Egr-1p were kindly provided by Wu Cong-
Mei (Shantou University Medical College, MD). Egr-1 
promoter was derived by PCR amplification from the 
plasmid pMD18-T.Egr-1p using primers (5'-TGAACGCGT
GACCCGGAAACGCCATATAAG-3' and 5'-ATTAAGCT
TCCAAGTTCTGCGCGCTGGGATC-3'). Amplification 
was performed for 35 cycles at 95℃ for 45 s, at 60℃ for 
45 s and at 72℃ for 1 min. p16 was kindly provided by 
Professor Zhang Bo (Beijing University Medical College). 
pcDNA3.1+ vector was purchased from Invitrogen 
(Carlsbad, California, USA). Expression vector for p16 was 
constructed in our laboratory (Figure 1).

Transfection
A total of  5 × 105 JF305 cells were seeded into each 
well of  a six-well plate. On the third day (when the cells 
reached 80%-90% confluence), the culture medium was 
aspirated, and the cell monolayer was washed with pre-
warmed sterile PBS. Cells were transfected with the 
appropriate construct using Lipofectamine 2000 according 
to the manufacturer’s instructions. Four micrograms of  
plasmid DNA (in 10 μL ddH2O) was mixed with 250 μL 
of  serum-free medium(SFM) and incubated for 20 min at 
room temperature with a mixture of  10 μL Lipofectamine 
2000 and 250 μL SFM and the resultant complex mixture 
was added to a monolayer of  pre-confluent cells seeded 

in a six-well plate. The medium was replaced with fresh 
and complete one 6 h after transfection. The cells were 
exposed to irradiation 36 h after transfection.

Irradiation
Cell monolayer was irradiated at 37℃ using a Varian Clinac  
600C linear accelerator at a dose rate of  2.5 Gy/min for 0, 
2, 4, 8, 10 and 20 Gy groups, respectively.

Western blot analysis
Cells were treated with lysis buffer containing 1% NP40, 
137 mmol/L NaCL, 20 mmol/L Tris base(pH 7.4), 1 
mmol/L DTT, 10% glycerol, 10 mg/mL Aprotinin, 2 
mmol/L sodium vanadate and 100 μmol/L PMSF. Pro-
tein concentrations were determined using the PIERCE 
BCA protein assay kit. Protein was separated by 10% SDS-
PAGE under denaturing conditions and transferred to 
nitrocellulose membranes. Membranes were incubated 
with mouse p16 monoclonal antibody (1:1000; Santa Cruz 
Biotechnology), followed by incubation in goat anti-mouse 
secondary antibody conjugated with horseradish peroxi-
dase (1:1000; Santa Cruz Biotechnology). Immunoreactive 
proteins were detected with enhanced chemiluminescence 
detection system (Amersham Biosciences)

RNA isolation and RT-PCR
Total RNA was prepared using Trizol reagent as described 
by the manufacturer (Life Technologies, Inc). One μg of  
total RNA was reverse transcribed by Moloney murine 
leukemia virus reverse transcriptase (Promega) under stan-
dard conditions. Duplicate samples of  1 μL each cDNA 
were amplified by PCR. The amplification reaction mixture 
(50 μL) contained cDNAs (p16: forward primer 5'-CCTC-
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Figure 1  Diagram of plasmid pcDNA3.1-Egr.1p-p16 construction.



GTGCTGATGCTACTGA-3' and reverse primer 5'-CAT-
GGTTACTGCCTCTGGTG-3'; GAPDH: forward primer 
5'-TCAACGGCACAGTCAAGG-3' and reverse primer  
5'-TGAGCCCTTCCACGATG-3'). GAPDH was used 
as an internal control to normalize variable amounts of  
cDNA in each sample. A product with 241 bp was gener-
ated, and PCR products were analyzed on 15 g/L agarose 
gel. The assay for each sample was repeated at least twice.

Cell survival and viability analysis
Cell survival was assessed by clonogenic assay in mono-
layer culture. In brief, the cells were trypsinised, counted, 
placed in the glass tube and irradiated. The known number 
of  cells was then re-plated in 100-mm culture dishes and 
returned to the incubator to allow macroscopic colony 
development. The surviving fractions following a given 
treatment were calculated based on the survival of  non-
irradiated non-transfected cells.

The viability of  cells with or without irradiation (4 Gy) 
was analyzed using trypan blue exclusion. Each experiment 
was repeated at least twice.

Quantitation of apoptosis
Apoptosis was quantified by flow cytometry using the 
APOBRDUTM kit (PharMinge, San Diego, CA, USA). In 
brief, 2 × 106 cells were fixed with 1% paraformaldhyde 
in phosphate-buffered saline (PBS) for 15 min at room 
temperature, washed twice with PBS, and stored in 70% 
ethanol at -20℃. Flow cytometry analysis was performed  
with a EPICS flow cytometer (Coulter Corp, Hialeah, 
FL, USA). Histograms of  cell number logarithmic 
fluorescence intensity were recorded for 10 000 cells per 
sample.

Statistical analysis
All experiments were performed at least three times. Stu-
dent’s t and correlation tests were used to determine the 
comparability of  groups. P < 0.05 was considered statisti-
cally significant.

RESULTS
Identification of pcDNA3.1-Egr-1p.p16 recombinant 
plasmid
The reconstructed plasmid was identified by digestion with 
restriction enzymes MluⅠ/HindⅢ and EcoRⅠ/XhoⅠ
respectively and the digestive products were visualized on 
10 g/L agarose gel (Figure 2), demonstrating that recombi-
nant plasmids were digested to 1300 bp and 800 bp DNA 
fragments, which carried the target gene Egr-1p and p16.

Expression of p16 in JF305 cells transected with 
pcDNA3.1-Egr-1p.p16 followed by different doses of 
X-irradiation
JF305 cells transfected with pcDNA3.1-Egr.1p-p16 were 
irradiated by different doses of  X-ray. The cells in the con-
trol group were transfected with pcDNA3.1+. Eight hours 
after irradiation, the protein was extracted and the expres-
sion of  p16 was detected by Western blot. The results 
showed no p16 expression in the control group and higher 
p16 expression in 2, 4, 8, 10 and 20 Gy groups than in 0 
Gy group (Figure 3).

Level of p16 mRNA after X-irradiation
The expression of  p16 gene after X-irradiation was de-
tected by RT-PCR. Control RNA from un-irradiated cells 
demonstrated a low but a detectable level. In contrast, p16 
expression increased in a dose-dependent manner in irradi-
ated cells (Figure 4).

Effect of pcDNA3.1-Egr-1p.p16 transfection on 
radiation-induced cell killing
We first tested whether pcDNA3.1-Egr-1p and p16 trans-

Figure 2  Electrophoresis patterns of the constructed vector digested with 
restriction endonucleases. Ma: 1 kb marker; Lane 1: pcDNA3.1-Egr.1p-p16; lane 2: 
M��luⅠand Hind� Ⅲ; lane�������  � 3: EcoRⅠ ���� ���and XhoⅠ; Mb: DL2000 marker.
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Figure 3  Expression of p16 in JF305 cells after X-irradiation. Lane A: control 
group; lane B: 0 Gy group; lane C: 2 Gy group; lane D: 4 Gy group; lane E:8 Gy 
group; lane F: 10 Gy group; lane G: 20 Gy group.

Figure 4  Transcription level of p16 mRNA after irradiation. Lane M: DL2000 
marker; lane A: 0 Gy group; lane B: 2 Gy group; lane C: 4 Gy group; lane D: 8 Gy 
group; lane E: 10 Gy group; lane F: 20 Gy group.
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fection increased the radio-sensitivity of  JF305 pancre-
atic carcinoma cell lines in vitro. Clonogenic assays were 
performed on JF305 cells. The survival of  non-irradiated 
JF305 cells increased 86% and 78% respectively after 
pcDNA3.1-p16, pcDNA3.1-Egr-1p-p16 transfection, 
while reduced from 63% to 9.22% and 0.28% at 2 Gy, 
from 15% to 0.59% and 0.012% at 4 Gy (Figure 5). PcD-
NA3.1 transfection alone did not produce marked sensi-
tization in JF305 cells in the range of  2-6 Gy. JF305 cells 
transfected with pcDNA3.1-Egr.1p-p16 were much more 
radiosensitive than non-transfected or pcDNA3.1-p16 
transfected cells.

Next, we examined the viability of  the JF305 cells using 
the trypan blue exclusion test (Figure 6). Six days after ra-
diation, no difference was found in viability of  pcDNA3.1-
Egr-1p-p16–transfeced cells and pcDNA3.1-p16 transfect-
ed or non-transfected cells. Six days after irradiation, the 
viability of  irradiated pcDNA3.1-Egr-1p-p16 transfeced 
cells gradually decreased, compared with pcDNA3.1-p16 
transfected, non-transfected and non-irradiated cells. The 
viability of  irradiated pcDNA3.1-Egr-1p-p16 transfe-
ced JF305 cells decreased more significantly than that of  

pcDNA3.1-p16 transfected cells (χ2 = 3.92, P < 0.05 on d 
12; χ2 = 4.46, P < 0.05 on d 14).

Apoptotic analysis
Only a minor fraction of  cells in the control group under-
went apoptosis (3%). However, when cells were irradiated 
with a dose of  2 Gy, the proportion of  apoptotic cells 
reached 39%, which was higher than that in pcDNA3.1+ 
group (15%, P < 0.01). In JF305 cells transfected with 
pcDNA3.1-p16 or pcDNA3.1-Egr-1p-p16, the apoptosis 
rate was 18% and 17%. However, when the cells were ex-
posed to 2 Gy irradiation, the apoptosis rate was 23% and 
21%, being lower than that in the irradiation group (39%, 
P < 0.05) (Figure 7).

DISCUSSION
Pancreatic cancer remains a challenge to the oncologist. 
The death to incidence ratio of  pancreatic cancer is ap-
proximately 0.98-0.99:1[12,13]. More than 27 000 people die 
of  pancreatic cancer each year and it is the fourth leading 
cause of  cancer death in the United States[14]. Some reports 
have shown that the mortality of  pancreatic cancer in 
China has increased constantly over the last decades[15-18]. 
With the rapid development of  molecular biology, gene 
radiotherapy has been considered as an effective cancer 
treatment. Weichselbaum et al[8] are the forerunners in tu-
mor gene radiotherapy (Egr-TNF). Since they put forward 
that ionizing radiation could be used to activate the tran-
scription of  exogenous genes encoding cytotoxic proteins, 
and established the techniques that might be used to target 
gene therapy during the treatment of  human neoplasms in 
1992, a variety of  downstream genes have been introduced 
to Egr-1 promoter for the treatment of  different tumors.

The p16 gene maps on 9p21 contain three exons and 
encode a nuclear phosphoprotein with a molecular weight 
of  16 kDa. The p16 protein negatively regulates the cell 
cycle by inhibiting cyclin-dependent kinases 4 and 6 and 
interacting with cyclin D1. In the absence of  p16, CDKs 
bind to cyclin D1 and retinoblastoma protein(pRb) is 
phosphorylated, leading to its deregulation at the G1/S 
checkpoint, and cell proliferation is switched on. In a vari-
ety of  human malignant tumors and cell lines, the p16INK4A 
gene is inactivated by various genetic mechanisms, includ-
ing point mutation, homozygous deletion, and hypermeth-
ylation of  CpG islands in the p16INK4A promoter[19]. p16 
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Figure 6  pcDNA3.1-Egr-1p-p16 transfection showing JF305 cell viability 
determined by trypan blue exclusion.
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seems to act in a regulatory feedback circuit with CDK4, 
D-type cyclin and retinoblastoma protein. Over-expression 
of  p16 gene could block cell cycle progression through 
the G1-to-S phase boundary in a pRB-dependent manner. 
These findings suggest that the CDK4- inhibitory activ-
ity of  p16 is involved in regulating cell cycle progression 
through the G1/S boundary[20].

Based on the anticancer action of  p16, we constructed 
pcDNA3.1-Egr.1p-p16 plasmid and transfected JF305 cells 
to study the expression properties of  the plasmid induced 
by ionizing irradiation. The results revealed that the p16 
expression in cells transfected with pcDNA3.1-Egr.1p-p16 
induced by irradiation with 2, 4, 8, 10 and 20 Gy X-ray was 
higher than that in the sham-irradiation group. JF305 cells 
transfected with pcDNA3.1-Egr.1p-p16 were much more 
radiosensitive than nontransfected or pcDNA3.1-p16 
transfected cells. The viability of  irradiated pcDNA3.1-
Egr-1p-p16 transfeced JF305 cells decreased more signifi-
cantly than that of  pcDNA3.1-p16 transfected cells (χ2 = 
3.92, P < 0.05 on d 12; and χ2 = 4.46, P < 0.05 on d 14). 
Combination of  pcDNA3.1-Egr-1p-p16 and radiation 
could induce apoptosis of  JF305 cells, but the apoptosis 
rate was not very high.

The mortality of  pancreatic carcinoma is  still high in 
the world, and its treatment is still difficult[21]. Our study  
has laid some theoretical basis for further study on pancre-
atic carcinoma gene-radiotherapy.
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