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Abstract

AIM: To investigate the effect of deleted pancreatic cancer
locus 4 (DPC4) gene transfection on biological behaviors
of human colorectal carcinoma cells and the role of DPC4
gene in colorectal carcinogenesis.

METHODS: PcDNA3.1-DPC4 plasmid was re-constructed
by gene-recombination technology. SW620 cells, a human
colorectal carcinoma cell line, were transfected with
PcDNA3.1-DPC4 plasmid using lipofectamine transfecting
technique. Transfected cells were selected with G418.
Expression of Smad4 protein was detected in cells
transfected with DPC4 gene by immunohistochemistry and
Western blot. Biological characteristics of transfected cells
were evaluated by population-doubling time and cloning
efficiency. Alterations of  percentage of S phage cells
(S%) and apoptosis rate were determined by flow-
cytometry.

RESULTS: PcDNA3.1-DPC4 plasmid was constructed
successfully. SW620 cells transfected with PcDNA3.1-DPC4
plasmid (DPC4+-SW620 cells) showed a strong intracellular
expression of Smad4 protein, and the positive signal was
localized in cytoplasm and nuclei, mainly in cytoplasm,
where the expressions of Smad4 protein in SW620 cells
transfected with PcDNA3.1 plasmid (PcDNA3.1-SW620 cells)
and non-transfected SW620 cells (SW620 cells) were
weaker than those in DPC4+-SW620 cells. The population-
doubling time in DPC4+-SW620 cells (116 h) was
significantly longer than that in SW620 cells (31 h) and
PcDNA3.1-Sw620 cells (29 h) (P<0.01). The cloning
efficiencies of DPC4+-SW620 cells (12%) were markedly
lower than those of SW620 cells (69%) and PcDNA3.1-
Sw620 cells (67%) (P<0.01). Compared with SW620 cells
and PcDNA3.1-Sw620 cells, the G0-G1% of DPC4+-SW620
cells was obviously higher and the S% was markedly lower
(P<0.05). Apoptosis rate of DPC4+-SW620 cells was
significantly higher than that of SW620 cells and PcDNA3.1-
SW620 cells.

CONCLUSION: PcDNA3.1-DPC4 plasmid can be successfully
re-constructed and stably transfected into human SW620
cells, thereby the cells can steadily express Smad4. DPC4
protein may regulate proliferation of colorectal carcinoma

cells by inhibiting cell growth and inducing cell apoptosis.
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INTRODUCTION

TGF- is a member of a large superfamily of structurally related
growth and differentiation factors; these factors play an
important role in modulating immune response, regulating cell
differentiation and growth, stimulating extracellular matrix
formation, etc[1]. TGF- has been reported as a potent inhibitor
of normal epithelial cell proliferation both in vitro and in vivo.
However, epithelia-derived tumor cells often lose their
sensitivity to TGF-, and their growth inhibition, thereby
forming tumors[2-4]. Smad4 is the central molecule of TGF-
signal transduction pathway, and all biological activities are
the results of action between Smad4 and  other Smads (Smad2,
Smad3, and so on)[5-8]. Smad4 is produced by DPC4 gene
(deleted in pancreatic carcinomas, locus 4). The loss of DPC4
activity is thought to be an important factor leading to the
loss of growth inhibition, and the loss of DPC4 activity
included 3 factors as follows: deletion of parts of chromosome
including homozygous and heterozygous deletion gene
mutation, for example, frameshift, nonsense and missense
mutations; decline of gene expression[9].
       Recent studies have demonstrated that colorectal carcinoma
with invasion and metastasis shows an obviously higher
frequency of DPC4 mutation than adenoma and intramucosal
carcinoma[10,11]. Some findings strongly suggest a significant
contribution of DPC4 gene inactivation in advanced stages, such
as distant metastasis of human colorectal carcinogenesis[12-17].
      A cell model that Smad4 was expressed stably and highly
was achieved by transfecting DPC4 gene in our experiment,
and  we investigated the effect of DPC4 gene transfection on
biological behaviors of human colorectal carcinoma cells and
the role of DPC4 gene in colorectal carcinogenesis to put forward
a new strategy of gene therapy for colorectal carcinoma.

MATERIALS AND METHODS

Cell line and plasmid
SW620 cell line was purchased from Xiangya School of
Medicine, Central South University, Changsha, China. PCMV5-
DPC4 plasmid was a kind gift from professor Joan Massague.
Hind III, BamH I, RPMI 1640 culture medium, 100 bp DNA
marker, neomycin (G418) and lipofectamin were obtained from



Gibco Co. Smad4Ab-1 was from Neomarkers Co. The cells were
divided into three groups: SW620 cells, PcDNA3.1-Sw620 cells
and DPC4+-SW620 cells.

Plasmid re-construction
Plasmids PCMV5-DPC4 and PcDNA3.1 were transferred into
competent E.coli (JM109) respectively. Transferred E.coli
(JM109) was cultured to amplify the two plasmids. Plasmids
were digested and cut by Hind III and BamH I, and  identified
by electrophoresis (5 400 bp,4 700 bp and 1700 bp); 1700 bp
was the DPC4 sequence. The DPC4 sequence was massively
extracted, purified, and cloned into PcDNA3.1 plasmid. A new
plasmid, PcDNA3.1-DPC4, was re-constructed, and confirmed
by direct sequencing. Empty vector DNA was used for control
transfections.

Cell culture and gene transfer
SW620 cells were maintained in RPMI 1640 supplemented with
antibiotics and fetal calf serum (FCS), transfected with PcDNA3.
1-DPC4 and PcDNA3.1 plasmids respectively by a standard
calcium phosphate co-precipitation method. Positive clones
were selected with 0.5 g/L G418 for 3 d, and harvested after 4 wk
of incubation in medium containing 0.25 g/L G418. The G418
resistant clones were passaged. The single clone was isolated
with cloning cylinders and expanded for analysis of Western
blot and growth parameters.

Western blot analysis
Expression of DPC4 gene was analyzed by Western blotting.
Briefly, cells were lysed in lysis buffer containing a proteinase
inhibitor cocktail. Total proteins were resolved by sodium
dodecyl sulfate polyacrylamide gel electrophoresis and
transferred to immobile membranes. Expression of Smad4
protein was detected using anti-smad4 monoclonal antibody
(1:50) by streptavidin peroxidase (SP) conjugated method .

Immunocytochemistry
Cells were seeded and cultured to reach the cell density of 106

cells/well, and then the cells were digested and centrifuged.
The cell sediment was fixed with formalin (40 g/L) for 24 h at 4 ℃.
After centrifuged once again, the cell sediment was wrapped
with agar (20 g/L) and embedded in paraffin and sliced. Anti-
Smad4 monoclonal antibody (1:50) was used to detect the
expression of Smad4 protein by SP method. For negative control,
primary antibody was replaced by PBS.

In vitro growth inhibition
When the three groups of cells were seeded and each reached

to the cell density of 106 cells/well respectively, the cells were
digested and seeded in 24-well plates (4×104 cells/well)
respectively. Cells of three wells from each group were counted
daily. The experiment was continued for 7 d and repeated three
times. Then the growth curve was drawn and cell doubling time
was calculated by using the formula: TD = t×log2/ (logNt-logNo).
For analysis of cloning efficiency, 50, 100 and 200 cells were
seeded in 6-well plates, respectively. When cell clones appeared,
they were fixed with formalin (40 g/L) for 15 min and stained
with Giemsa for 20 min. Finally, the results were evaluated.

Alterations of S% and apoptosis rate
Alterations of S% and apoptosis rate were determined by flow-
cytometry. For analysis of TGF--mediated growth inhibition,
3×105 cells were incubated into 60-mm dishes with serum medium
added with TGF-1 (5×10-6 g/L) one day after plating. Apoptosis
rate was evaluated by flow-cytometry.

Statistical method
Student’s t test and 2 test  were carried out to compare the
state. P<0.05 was considered statistically significant.

RESULTS

Expression of Smad4 protein
Although a same quantity of protein (80×10-6g) was extracted
from the SW620 cells,  PcDNA3.1-Sw620 and DPC4+-SW620
cells respectively, Western blot analysis showed that the
expression of Smad4 protein was the strongest in DPC4+-SW620
cells (clone 2) (Figure 1). DPC4+-SW620 cells showed a strong
intracellular expression of Smad4 protein, and the positive signal
was localized in cytoplasm and nuclei, mainly in cytoplasm.
The expressions of Smad4 protein in PcDNA3.1-Sw620 and
SW620 cells were obviously weaker than those in DPC4+-SW620
cells (Figure 2).

Figure 1  Strongest expression of Smad4 protein in clone2
detected by Western blot analysis.

Figure 2  Expression of smad4 protein. A: Weak intracellular expression of Smad4 protein in SW620 cells. The positive staining
for Smad4 was localized in cytoplasm; B: Weak intracellular expression of Smad4 protein in PcDNA3.1-SW620 cells. The positive
staining for Smad4 was localized in cytoplasm; C: Strong intracellular expression of Smad4 protein in DPC4+-SW620 cells
(clone2). The positive staining for Smad4 was localized in cytoplasm and nucleus, mainly in cytoplasm.

DPC4+-SW620     PcDNA3.1-SW620          SW620
    (clone2)
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In vitro growth property of DPC4+-SW620 cells
The doubling time of DPC4+-SW620 cells (116 h) was prolonged
obviously, compared with SW620 (31 h) and PcDNA3.1-Sw620
cells (29 h). The cloning efficiency of DPC4+-SW620 cells (12%)
dropped obviously compared to SW620 (69%) and PcDNA3.1-
Sw620 cells (67%) (over 50 cells were thought as a clone) (Figure 3).

Alterations of S% and apoptosis rate
Compared with SW620 and PcDNA3.1-Sw620 cells, the G0-G1%
of DPC4+-SW620 cells was significantly higher and the S%
was markedly lower (Figure 4A). The apoptosis rate of DPC4+-
SW620 cells was significantly higher than that of SW620 and
PcDNA3.1-Sw620 cells (Figure 4B). After stimulated by TGF-1,
the apoptosis rate of PcDNA3.1-SW620 and SW620 cells
increased, and that of DPC4+-SW620 cells declined.

DISCUSSION

A high frequency of loss of heterozygosity (LOH) on chromosome
18q has been recognized in the progression of carcinomas of
colon and other tissues, including pancreas[18,19]. Since DPC4
gene was isolated from the same region as a tumor suppressor
gene for pancreatic cancer, mutation analysis of this gene has
been carried out on cancers in various other organs[20,21]. DPC4
plays an important role in TGF- signal transduction pathway,
and has been found to be functionally inactivated in about
50% of pancreatic carcinomas[22,23], 30% of colon carcinomas
and a subset of biliary tract carcinomas[24,25]. DPC4 has been
thought as a tumor suppressor gene[26,27]. Despite an extensive
knowledge of the biochemical properties of Smad4 proteins,
little is known about how the loss of Smad4 function contributes
to the tumorigenic process.
     Some scholars have suggested a significant contribution
of DPC4 gene inactivation in advanced stages[28], such as
distant metastasis of human colorectal carcinogenesis. They
believe the presence of DPC4 gene mutation in primary
carcinoma is a prognostic marker[29-33].

       In order to attain the goal of our experiments, the PcDNA3.1-
DPC4 plasmid was re-constructed successfully using PCMV5-
DPC4 plasmid, and the re-constructed plasmid was cut and
confirmed by direct sequencing. After selected by G418, the
positive clones of SW620 cells transfected with PcDNA3.1-DPC4
plasmid were obtained. The expression of Smad4 protein was
the strongest in DPC4+-SW620 cells detected by Western blot
and immunocytochemistry. SW620 cells were successfully
transfected with PcDNA3.1-DPC4 plasmid. A cell model steadily
expressing Smad4 was obtained.
      Candidate tumor suppressor gene DPC4 could inhibit growth
of pancreatic carcinoma[34-39], but little information is available
on whether DPC4 can inhibit growth of SW620 cells and how
it affects the proliferation of SW620 cells transfected with
DPC4 gene and the biological behaviors of human colorectal
carcinoma cells. In order to further elucidate these questions,
we carried out this study by dividing the cells into three groups:
SW620 cells, PcDNA3.1-Sw620 cells and DPC4+-SW620 cells.
Compared to SW620 and PcDNA3.1-Sw620 cells, the doubling
time of DPC4+-SW620 cells was obviously prolonged and
their cloning efficiency was dropped. The growth of colorectal
carcinoma cells was inhibited by Smad4. Flow-cytometry
showed that G0-G1% of DPC4+-SW620 cells was much higher
and S% was much lower compared with SW620 and PcDNA3.1-
Sw620 cells. The expression of Smad4 protein inhibited the
growth of colorectal carcinoma by arresting cells from G1 phase
to S phase. In addition, the apoptosis rate of DPC4+-SW620
cells was much higher than that of SW620 and PcDNA3.1-
SW620 cells, suggesting that Smad4 can inhibit the growth of
colorectal carcinoma by inducing apoptosis of colorectal
carcinoma cells.
      TGF-signal transduction pathway is an efficient channel
for inhibiting cell growth, proliferatiation and differentiation,
and Smad4 is the central molecule in this signal pathway. The
apoptosis rates of SW620 and PcDNA3.1-SW620 cells were
increased after stimulated by TGF-1. It is essential to pay
attention to the phenomenon that the apoptosis rate of DPC4+-

Figure 3  Growth property of different groups. A: Growth curve of cells of different groups; B: Doubling time of cells of different
groups; C: Cloning efficiencies in different groups. bP<0.01 vs DPC4+-SW620.

Figure 4  Alterations of S% (A) and apoptosis rate (B) detected by flow- cytometry. aP<0.05 vs DPC4+-SW620.
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SW620 cells declined after stimulated by TGF-1. This result
suggests that DPC4 inhibits cell growth, not only by TGF-
signal transduction pathway, but also by other pathways.
In fact, some scholars have revealed that over-expression of
wild-type DPC4 may re-construct a new pathway of negative
regulation of cell proliferation besides TGF-signal transduction
pathway[40,41].
      At present, gene therapy is considered as an effective channel
in treating malignant tumors, and many scholars in medical
science agree on this point. This study suggests that increase
of Smad4 protein could restore or strengthen TGF- signal
transduction pathway and inhibit growth of colorectal carcinoma,
which provides some experimental foundations for gene
treatment of tumors.
     Invasion and metastasis are important characteristics of
malignant tumors, and also the important reasons for the death
of tumor patients. Which genes or proteins participate in
invasion and metastasis of tumor is the central task of tumor
molecular biological researches. If inactivation of DPC4
gene is relevant with invasion and metastasis of tumors, is DPC4
a metastasis suppressor gene? What are the downstream target
genes? These questions should be studied deeply.
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