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DCC Transfection alters gene expression and tumorigenic growth properties in Human MCF-7 Cell Line
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Abstract: Deleted in colorectal carcinoma (DCC) is an anti-oncogene which plays an important role in cell
apoptosis and can induce cell cycle stasis, regulate cell adherence and migration. Many studies indicate that the
abnormal expression of DCC can be found in many human tumors. Our experiment is to construct eukaryotic
expressive vector and express the exogenous DCC gene and protein in the transfected cells MCF-7. We find that
DCC gene plays an inhibitive role in tumorigenic growth properties in human MCF-7 cell line by flow cytometry
detection of the transfected cells and growth curve analysis. Our experiment showed that the cell apoptosis rate of
transfected cells, MCF-7/DCC increased obviously and DCC could inhibit the growth of MCF-7 . These results
suggest that DCC gene may play a role in the breast cancer and development.
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Introduction

Deleted in colorectal carcinoma (DCC) is a
tumor suppressor gene on chromosome 18q21.3, which
includes 29 extrons, encoding RNA sequence about
4341bp in length and subsequent translating a
transmembrane protein of approximate 1447 amino
acids[1-3].  The DCC protein belongs to
immunoglobulin superfamily[4]. Some studies have
shown that DCC is involved in cell-cell adhesion. The
abnormality of DCC gene can be found in many human
tumors. Loss of DCC expression was observed in
20~60% of tumors from colorectal, nasopharyngus,
gaster and lung[5-11]. DCC plays an important role on
cell apoptosis and can induce cell cycle stasis, regulate
cell adherence and migration in cells. DCC gene is a
suppressor gene which has close relationship with
tumorigenesis. The clinical pathological implications of
DCC abnormalities in breast cancer have been
investigated in a limited number of surgically resected
breast cancer[5]. To further explore the role of DCC in
the development and progression of breast cancer, we
transfected exogenous DCC gene into MCF-7 cells.

Our pre-experiments show low expression
DCC gene with different degree of the breast
carcinomas[6]. It indicates that DCC gene maybe plays
a role in the breast cancer and development. This study
aims to transfect exogenous DCC gene into human
breast cancer cell line MCF-7 in order to make normal
DCC protein expressed by MCF-7 efficiently. It will
provide the experiment basis for studying the
relationship of DCC and MCF-7 tumorigenic growth

Materials and methods
1 Materials:

1.1 Cell line and tissues: The human breast
cancer cell line MCF-7 was preserved by our lab,
cultivated with RPMI-1640 containing 10% fetal
bovine serum under the enviroment of 37°C, 5%CO2.
The colon tissue was taken from trauma patients
underwent bowel resection surgery.

1.2 Plasmid and strains: The
pIRES2-AcGFP1 plasmid was bought from Clontech
company (American). E.coli JM109 strain was
preserved by our lab.

1.3 Reagents: RPMI1640 medium and fetal
bovine serum(GIBCO); LipofectamineTM2000 and
Trizol(Invitrogen); Restriction enzymes such as Xho I,
Sal T and One Step RT-PCR Kit (AMV), Plasmid
Purification Kit, pMDIS-T vector, T4DNA ligase
(TaRaKa); Marker III, IV, VI[(Tianwei Times Company).
2 Methods

2.1 Construction of eukaryotic expressive
vector: The tissue RNA was obtained with the
technique of RT-PCR by using colon tissue samples
preserved in liquid nitrogen and the primer with
Xho I and Sal I enzyme cutting sites was used to
amplify DCC gene. Then the PCR product was
constructed into pMD-DCC recombinant plasmid. The
positive clones was selected and identified by
restrictive enzyme Xho I and Sal I and sequenced.
Recombinant plasmid and pIRES2-AcGFP1 plasmid
were digested by Xho I and Sal I restriction enzyme
respectively, and then the reclaimed fragments DCC

properties, DCC and breast cancer cell cycle and pIRES2-AcGFP1 were joined by T4 ligase. The
development. ligated products were transformed into competent cell

JM109. The positive clones were screened by
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ampicillin-resistance and clonal expansion. The
plasmid was mini-extracted to identify with X#o I and
Sal 1 restriction enzyme and sequencing.

2.2 Gene transfection and stable expressed
cell lines screening: The MCF-7 cell line was cultured
to log phase growth and collected to subcultivate into
the six orifice plate for 24 hours. The transfection
experiment group was added into transfection solution
which was composited with pIRES2-AcGFP1/DCC
plasmid and Lipofectamine, the control group was
added into transfection solution which was composited
with  pIRES2-AcGFPl  empty plasmid and
Lipofectamine. The transfected cell lines were cultured
for 24 hours and then terminated with normal blood
serum culture medium. When transfected cell lines
were grew up to 80%, the cell lines were divided into
different culture dishes according to 1:5 proportion and
added into different concentration G418 to culture two
weeks in order to screen stable expressed cell lines. The
screened positive clone cell line was shifted into flask
to culture continuously.

2.3 Detection the expression of exogenous
DCC gene and protein in the transfected cells:

2.3.1 Expression of exogenous DCC gene
was detected by RT-PCR: Using One-step RT-PCR
kit(TaRaKa) to complete the reaction. The reaction
system was 50 pl and the reaction condition was 50
C,30 min to run reverse transcription reaction; and
then run the PCR reaction: 94 ‘C,2 min;94 ‘C,30 sec;55
C,30 sec;72 “C,6 min;total 30 cycles. PCR products
(6ul) were taken for detection by agarose
electrophoresis.

2.3.2 Expression of DCC protein was
detected by Western Blot: The total protein of
transfected cell which had grown up to log phase was
extracted and its concentration was to detect the DCC
protein  expression. 10%  SDS-polyacrylamide
separation gel and 4% SDS-polyacrylamide spacer gel
were castinged respectively. The DCC protein sample
was added into 25ul/hole. After electrophoresis the
protein was transfered to NC membrane with semi-dry
electro-transfer printing apparatus. Using defatted milk
powder to close membrane and adding into TBST
containing goat-anti-human DCC polyclonal antibody
to react overnight under 4°C. The next day the
membrane was washed three times and reacted with the
secondary antibody (rabbit polyclonal antibody IgG)
for 1 hour. The membrane was washed and reacted with
ECL reagent, X-ray films were exposed, visualized and
fixed in dark room. The negative control was phosphate
buffer saline(PBS) instead of first antibody and positive
control was Actin.

2.3.3 Expression of DCC protein was
detected by Immunohistochemistry: Selecting the
non-transfected and transfected MCF-7 cells which had
grown up to log phase and digested by trypsinase to
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make monoplast cell suspension. The cells were
subcultured into cultivation dish which was set cover
glass beforehand. After 1 day cultivation, the cover
glass was taken out, washed with PBS for 3 times, fixed
by 4% paraformaldehyde and closed nonspecific
antibody. The dealed cover glasses were added into first
antibody(1:500 concentration of rabbit-anti-human
DCC polyclonal antibody) to react 2 hours under 37°C,
then were washed 3 times by PBS and added into
secondary antibody(1:200 concentration of horseradish
peroxidase labeled goat-anti-rabbit IgG) to react 2
hours under 37°C, washed 3 times by PBS. The cover
glasses were mounted to observe and photograph under
the light microscope.

2.3.4 Expression of DCC protein was
detected by immunofluorescence staining: Selecting the
non-transfected and transfected MCF-7 cells which had
grown up to log phase and digested by trypsinase to
make monoplast cell suspension. The cells were
subcultured into cultivation dish which was set cover
glass beforehand. After 1 day cultivation the cover glass
was taken out, washed with PBS for 3 times, fixed by
4% paraformaldehyde and closed nonspecific antibody.
The dealed cover glasses were added into first
antibody(1:500 concentration of rabbit-anti-human
DCC polyclonal antibody) to react 2 hours under 37°C,
then were washed 3 times by PBS and added into
secondary antibody(1:200 concentration of FITC
labeled goat-anti-rabbit IgG) to react 2 hours under
37°C, washed 3 times by PBS. The cover glasses were
mounted to observe and photograph under the
fluorescence microscope.

2.4 Flow cytometry detection of transfected
cells: Collecting the MCF-7 cell lines which could
express stably pIRES2-AcGFP1/DCC and had been
identified by PCR,Western Blot and
Immunohistochemistry to synchronize and culture the
cells for 48 hours. The synchronized cells were digested
by trypsinase and fixed by 70% ethanol for 24 hours
under 4°C. The samples’ RNA was digested by RNase
and stained with PI solution. So the samples could be
measured on the flow cytometry. The distribution of
cell cycle was analyzed with Multicycle for Windows
software and apoptosis rate was calculated with
CellQuest software.

2.5 Growth curve analysis: Non-transfected
and transfected MCF-7 cells were digested by 0.25%
trypsinase to make monoplast cell suspension, then
were subcultured into six orifice plate. Every kind of
cell was subcultured six holes, 1x10* cells/hole. Every
day taking one hole cells to count and finally to draw
the cell growth curve.

2.6 Proliferation activity of non-transfected
and transfected cells by MTT: The transfected DCC
clonal cells(MCF-7/DCC), transfected empty vector
pIRES2-AcGFP1 cells(MCF-7/vect) and
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non-transfected MCF-7 cells were subcultured into 96
orifice plate according to 1x10%hole propotion
respectively. The cells were cultured for 0 hour, 24
hours, 48 hours, 72 hours; removed medium, washed by
PBS for 2 times, added into 20 ul MTT solution(5g/L)
/hole and reacted under 37 “C for 4 hours. The staining
solution was removed, and added into 150 pl
DMSO/hole, shaked on the level swing bed and read
the A value under 490 nm of the enzyme-mark
apparatus.

3 Statistical treatment:

All data were indicated with mean+tstandard
deviation (mean+SD). SPSS13.0 analysis software was
used to carry out AVONA analysis. P<0.05 indicated
that the data variance had statistical significance.

Results

1 Identification of pIRES2-AcGFP1/DCC
with enzyme-cutting and sequencing: The constructed
recombinant plasmid pIRES2-AcGFP1/DCC could be
cut into two fragments: 4341bp DCC target gene and
5300bp pIRES2-AcGFPI(Figl). Sequencing result
indicated that its sequence coincided with the DCC on
the GenBank.

2 Identification of DCC expression in the
MCF-7 cell: The screened positive clones MCF-7 cells
were taken RT-PCR reaction and could amplify DCC
total gene length, while the pIRES2-AcGFP1
transfected and non-transfected MCF-7 cells were taken
the same reaction and a little DCC gene fragment
appeared. The transfected MCF-7/DCC cells showed
185 KD strap with Western Blot. Immunohistochemical
staining indicated that the transfected MCF-7/DCC
cells’ membrane and cytoplasm had evident brown
particles or patching stain, while MCF-7/vect cells and
non-transfected MCF-7 cells only had few positive
particles in the cell membrane and cytoplasm. This
result showed that exogenous DCC protein could be
expressed in the MCF-7/DCC cells.
Immunofluorescence staining indicated that the
transfected MCF-7/DCC cells’ membrane and
cytoplasm had evident fluorescent particles, while
MCF-7-vect cells and non-transfected MCF-7 cells
only had few positive particles in the cell membrane
and cytoplasm. This result showed that the
MCF-7/DCC cells could express exogenous DCC
protein.

3 Cell cycle and apoptosis analysis of
transfected MCF-7 cells: Cell cycle analysis revealed
that the transfected MCF-7/DCC cells cell cycle S
phase extended obviously. Comparing with the
transfected MCF-7/vect cells and non-transfected
MCEF-7 cells, the transfected MCF-7/DCC cells
apoptosis rate increased obviously.

4 Detection of MCF-7 cell proliferation
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activity in vitro with MTT: The three tumor cells
MCF-7/DCC,MCF-7/vect and MCF-7 cells had no
evident difference in the grow morphous under
microscope. The MCF-7 cells’ proliferation activity in
vitro was detected by MTT method. There was
statistical significance in the value when comparing
MCF-7/DCC cells with the two control groups
(P<0.05). While the value had no statistical significance
between MCF-7/vect and MCF-7 cells (P> 0.05).
These results indicated that DCC protein could inhibit
the proliferation of MCF-7 cells.

5 Analysis of transfected MCF-7 cells growth
condition: The data showed that the transfected
MCF-7/DCC cells’ growth velocity was slower than the
parental MCF-7 and MCF-7/vect cells.

Discussion

DCC is an anti-oncogene which has close
relation with tumorigenesis. The abnormal expression
of DCC can be found in many human tumors. Many
studies have shown that DCC gene has low expression
to different degrees in the colorectal carcinoma,
nasopharyngeal carcinoma, lung cancer and gaster
cancer[12-14]. DCC not only can induce cell cycle
stasis and play an important role in cell apoptosis, but
also can regulate cell adherence and migration[15-16].

Our pre-experiments have shown that the
expression of DCC gene was low in the breast cancer,
while it was high in the peri-carcinoma tissues. It
indicates that DCC gene may play an important role in
the carcinogenesis and development of breast cancer.
The studies indicate that repairing and adding
antioncogene which was inactivated or deleted from
carcinoma cells through gene transfection method can
inhibit the carcinoma cells growth, which mainly
depends on the high and stable expression of exogenous
antioncogene. To study the effect of DCC gene on the
breast carcinoma biological behaviour, we should first
make the exogenous DCC gene expressed stably and
highly in the breast carcinoma cells which deleted the
DCC gene, that is we need the cell line that DCC
protein can be expressed stably and highly.

The experiment analyzes the effect of DCC
gene on the human breast carcinoma cell MCF-7 on the
basis of DCC gene cloning. We use the human DCC
gene to transfect MCF-7 human breast carcinoma cell
line. With clone screening we get the DCC high
expression cell line (MCF-7/DCC). With PCR, Western
Blot and Flow cytometry analysis the results show that
DCC gene can be stably expressed in the transfected
MCF-7 cells, DCC gene can change cell cycle of
carcinoma cell, make the MCF-7 cell S phase extended
obviously, inhibit MCF-7 cell growth and induce the
breast cancer cell apoptosis. These data provide the
evidence for further study on DCC gene therapy.
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