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Abstract. Deleted in liver cancer-1 (DLC-1), a candidate tumor
suppressor gene which is inactive in liver carcinogenesis, is
located at 8p21.3, where deletions are frequently found in
several types of human cancer. Promoter hypermethylation is an
epigenetic mechanism leading to silencing of the gene expres-
sion, which may be the primary cause for the absence of DLC-1.
We investigated the expression of the DLC-1 gene and the meth-
ylation of the DLC-1 gene in colon cancer cell lines (Caco-2,
LoVo and HT-29). The data showed that reduced or undetect-
able levels of DLC-1 mRNA were found in HT-29 by reverse
transcription-polymerase chain reaction (RT-PCR). By contrast,
the DLC-1 gene was significantly expressed in Caco-2 and LoVo
cells. These findings were in agreement with the data obtained
from western blot analysis. To further determine whether
aberrant methylation is a contributing factor to transcriptional
inactivation of DLC-1 in HT-29, the methylation of promoter
was examined using methylation-specific PCR and sodium
bisulfite genomic sequencing in LoVo and HT-29 cells, which
suggests that promoter hypermethylation accounts for silencing
of the DLC-1 gene in HT-29 cells. Since DLC-1 is a candidate
tumor suppressor gene, we sought to determine whether DLC-1
expression is associated with cell proliferation in colon cancer
cell lines. RNA interference techniques were adopted to inhibit
DLC-1 expression in the LoVo cell line and resulted in inhibi-
tion of cell growth and reduced colony formation. Collectively,
our observations suggest that hypermethylation is responsible
for abrogating the function of the DLC-1 gene in colon cancer
and indicate a role of DLC-1 in colon carcinogenesis.

Introduction

Deleted in liver cancer-1 (DLC-1) is a tumor suppressor gene,
identified through representational difference analysis, and has
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been found to be localized at the short arm of chromosome 8,
at p21.3, where deletions are frequently found in several types
of human cancer, such as nasopharyngeal carcinoma (1),
breast cancer (2), colorectal cancer (3), lung cancer (4), hepa-
tocellular carcinoma (HCC) (5) and medulloblastoma (6).
Promoter hypermethylation, an epigenetic mechanism leading
to the silencing of the gene expression (7,8), may be the
reason for the absence of DLC-1. Previous studies indicated
that promoter hypermethylation of DLC-1 is found in HCC,
colon, breast and prostate cancer (9). Methylation of DLC-1 is
also common in hematologic malignancies; it has been found
in 87% of non-Hodgkin's lymphomas (NHLs) and multiple
myeloma tumors or tumor cell lines, but not in benign hyper-
plasia. It has also been proposed that DLC-1 methylation status
in NHLs could be used as a diagnostic marker (10). Normally,
there are three mechanisms leading to gene silencing: muta-
tion, genomic deletion and promoter methylation. Mutation,
as a cause of DLC-1 inactivation, is effectively ruled out due
to the low rate of happening (11). This suggests that either
genomic deletion or promoter methylation is the primary cause
for altered expression or inactivation of the DLC-1 gene (12).
Though hypermethylation is responsible for the silencing of
the DLC-1 gene in a limited portion of breast cancer cases,
transfection of the gene into DLC-1 deficient T-47D cells
raised the DLC-1 mRNA level and resulted in inhibition of
cell growth and reduced colony formation capacity, which
indicate a role of DLC-1 in breast cancer carcinogenesis (13).
Nevertheless, cells derived from other types of cancer such as
lung, liver or ovarian cancer are also highly sensitive to reac-
tivation of DLC-1 function (11,14). Recent studies have shown
that restoration of the DLC-1 in breast cancer cells resulted
in the inhibition of migration and invasion. In addition,
Chan et al (15) reported that DLC-1 expression reduced the
migration and invasiveness of SMMC-7721 HCC cells. There
is a strong potential for an effective therapy based on DLC-1
transfer to tumor cells. However, DLC-1 has been little exam-
ined in colon cancer; thus, studies on DLC-1 expression and
the mechanism of DLC-1 gene inactivation may be necessary
to elucidate the possible role of DLC-1 in colorectal tumor
development. In the present study, we explored the involve-
ment of DLC-1 promoter hypermethylation in colorectal
tumors. Additionally, we investigated the effects of DLC-1 on
colon cancer cell proliferation by RNA interference (RNA1)
techniques.
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Table I. The primers used and conditions of PCR amplification.
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Primer 5'-3' sequence

DLC-1 (RT-PCR) GGACACCATGATCCTAACAC
CTCATCCTCGTCTGAATCGT

B-actin (RT-PCR) CGTGGCCTTAGCTGTGCT

TGTGCATAAAGTGTAAGTGTATAAGCA

TTTTTTAAAGATTGAAATGAGGGAGTG
AAACCCAACAAAAAAACCCAACTAACA

TTTAAAGATCGAAACGAGGGAGCG
CCCAACGAAAAACCCGACTAACG

DLC-1 (unmethylation
specific primers)
DLC-1 (methylation
specific primers)
GTTTTTAGTTAGGATATGGT
CTTCTTTCTACACATCAAACA

Bisulfite treated

DNA (PCR primer)

[-actin
GTTTTCTGCGCAAGTTAGG

CCCTGGACTTCGAGCAAGAGAT

Size of amplified
PCR conditions products (bp)
94/3 min (94/30 sec, 52/30 sec, 252
72/40 sec) x42,72/7 min
94/3 min (94/30 sec, 50/30 sec, 457
72/40 sec) x42, 72/7 min
94/3 min (94/30 sec, 52/30 sec, 172
72/40 sec) x45, 72/7 min
94/3 min (94/30 sec, 52/30 sec, 178
72/40 sec) x45, 72/7 min
94/3 min (94/30 sec, 52/30 sec, 292
72/40 sec) x45, 72/7 min
95/2 min (95/1 min, 60/1 min, 531

72/1 min) x35

RT-PCR, reverse transcription-polymerase chain reaction.

Materials and methods

Colon cancer cell lines. Human colon cancer cell lines,
Caco-2, HT-29 and LoVo, were obtained from the Shanghai
Institute of Cell Biology, Chinese Academy of Sciences. Cells
were cultured in RPMI-1640 (Sigma, St. Louis, MO, USA) and
antibiotics, supplemented with 10% fetal bovine serum and
100 U/ml of penicillin and streptomycin at 37°C in a humidi-
fied 5% CO, atmosphere and stored at -20°C.

DNA/RNA extraction. By standard methods, genomic DNA
was isolated by digestion with Proteinase K followed by
phenol:chloroform (1:1) extraction and ethanol precipita-
tion from Caco-2, HT-29 and LoVo cell lines. Total-RNA
extraction was performed using TRIzol reagent (Invitrogen
Life Technologies, Groningen, The Netherlands) according
to the manufacturer's instructions. To avoid the genomic
DNA contamination, RNA samples were treated with
DNase I (RNase-free) (Takara Bio, Inc., Shiga, Japan) for
20 min at 37°C. The enzyme was heat inactivated and the
RNA was ethanol precipitated following phenol chloroform
extraction. Following precipitation, the RNA was resuspended
in 10 ul of diethylpyrocarbonate (DEPC)-treated water and
stored at -80°C.

Reverse transcription (RT) reaction. RNA (5 pug) was used
as template in the first strand complementary DNA (cDNA)
synthesis in a 20 pl reaction volume, which consisted of
oligo-dT primer (0.2 ug/reaction), AINTP (0.5 mM of each),
avian myeloblastosis virus reverse transcriptase (AMV RT;
Promega Corporation, Madison, WI, USA) (20 U/reaction),
RNasin (Takara Bio) (20 U/reaction). The reaction was incu-
bated at 42°C for 60 min, followed by heating at 99°C for
5 min. Reactions in which pure water replaced the RNA were
used as RT-negative controls.

Polymerase chain reaction (PCR) amplification and electro-
phoresis. All primers and amplification conditions used in
this study are listed in Table I. Single round B-actin ampli-
fication was used to demonstrate RNA integrity and the RT
performance. The reaction mixture consisted of the template
(50-100 ug of cDNA), dNTP (0.2 mM of each), Tag DNA
polymerase (Promega Corporation) (0.625 U/reaction) and
a selected primer pair (20 pmol/primer/reaction) in a total
volume of 25 ul. The final products were analyzed by elec-
trophoresis on 2% agarose gels containing ethidium bromide.

Sodium bisulfite treatment. Genomic DNA (2 ug) was
denatured with 0.3 M NaOH for 10 min at 37°C and mixed
with 30 pl of 10 mM hydroquinone (Sigma), 510 pl of 3.0 M
NaHSO; (pH 5.0; Sigma), covered with paraffin oil, then
deaminated in the dark for 16 h at 50°C. To use, 10 mM hydro-
quinone and 3.0 M NaHSO; (pH 5.0) were freshly prepared
and mixed. Bisulfite-treated DNA was purified using a Wizard
DNA Clean-Up System (Promega Corporation). Subsequently,
purified DNA samples were desulfonated with 0.3 M NaOH
for 5 min at room temperature, neutralized with ammo-
nium acetate, ethanol precipitated and resuspended in 20 pl
Tris-EDTA buffer.

Methylation-specific PCR (MSP) and sequencing. To deter-
mine whether the loss of DLC-1 expression was associated
with promoter hypermethylation, we used MSP to detect the
methylation status of the 5'CpG island. Bisulfite-treated DNA
was amplified by PCR with methylation status-specific primer
pairs. The primer sequences for the MSP and amplification
conditions used in this study are listed in Table I. The sodium
bisulfite reaction converts unmethylated cytosine in DNA to
uracil while leaving the methylcytosine unchanged, so that
methylated and unmethylated alleles can be distinguished by
MSP. Bisulfite-treated DNA (8 ul) was subjected to PCR using
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Table II. Oligonucleotide sequences of siRNA.

Group Sequence of siRNA nucleotides Sites
pGGCsil- 5-GGAACTGAAGAGACGCAAT-3' 1596-1614
DLC-1

Control 5'-TTCTCCGAACGTGTCACGT-3' -

bisulfite treated DNA PCR primer (the primer can amplify
both the sequences methylated and unmethylated) (Table I),
a 292 bp fragment, particularly for the upstream region of the
basic promoter of DLC-1 was amplified and PCR product was
sequenced.

Short hairpin RNA (shRNA) preparation and plasmid
construction. In order to construct two plasmids, two
pairs of shRNA sequence were designed, one is according
to the DLC-1 sequence in the GenBank (AF035119), as
pGCsiDLC-1, another sequence of shRNA has no homology
with human sequence, as a control group. Each pair contained
a unique 19-nt double-stranded sequence that is separated by
a loop of 9-nt sequence (ttcaagaga). Following purification and
restriction digestion, the oligonucleotides were ligated into
plasmid pGCsi with polymerase III U6 promoter, purchased
from GeneChem Inc, China. After amplifying the plasmids
into E.coli, the selected clones with the shRNA insert were
selected and purified with plasmid purification kit (Promega
Corporation). The oligonucleotide sequences of siRNA are
listed in Table II.

Transfection assay. To generate DLC-1 transfected DLC-1
cells, 3 pg of plasmid DNA were transfected in 1x10° cells
in a 60-mm dish using Lipofectamine® 2000 (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. Selection for transfected cells was carried
out in a medium containing 400 pg/ml G418 (Geneticin; Life
Technologies, Inc., USA).

Western blot analysis. Experiments were conducted in three
groups, the pGCsiDLC-1, the mock and the control group.
Following transfection for 24 and 48 h, LoVo cells (10x10°)
were harvested and lysed in 60 ul cell lysis reagent, containing
50 mmol/l Tris-HCI (pH 8.0), 150 mmol/l NaCl, 100 pg/ml
phenylmethylsulfonyl fluoride (PMSF) and 1% TritonX-100.
Equal amounts of total protein were separated by 5%
sodium dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred onto polyvinylidene
fluoride (PVDF). After blocking in a 5% non-fat dry milk
solution in washing buffer containing 10 mmol/l Tris (pH 7.6),
150 mmol/l NaCl and 0.05% Tween-20, membranes were
incubated for 1 h at room temperature with human monoclonal
anti-DLC-1 (1:200; clone 3; BD Biosciences Pharmingen,
San Diego, CA, USA) as primary antibodies, washed 3 times,
incubated again with bovine anti-mouse IgG (1:2,500; Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) as second
antibody. B-tublin (1:300) staining served as the internal stan-
dard for all membranes.
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Marker Caco LoVo HT-29

500 bp B-actin (457 bp)

DLC-1(262 bp)
250 bp

Figure 1. Level of DLC-1 mRNA in colon cancer cell lines. DLC-1 mRNA
levels of three human colon cancer cell lines were assessed by reverse
transcription-polymerase chain reaction. LoVo and Caco-2 cells were found
to have DLC-1 expression. HT-29 has no expression. -actin was used as an
internal control.

HT-29 LoVo

Caco—2

DLC-1
(123 kDa)

Figure 2. DLC-1 protein expression in colon cancer cell lines. In order to
detect the protein expression of DLC-1 in these cells, western blot analysis
was performed and showed that the gene was expressed in LoVo and Caco-2
cells at the protein level. No expression of DLC-1 was detected in HT-29.
The sizes of the western blot analysis products were 123 kDa for DLC-1. The
results were in agreement with the results obtained from reverse transcrip-
tion-polymerase chain reaction.

HT-29 Caco-2 LoVo

MARK

Figure 3. Methylation-sensitive polymerase chain reaction (PCR) analysis of
the DLC-1 CpG island in colon cancer cell lines. We used methylation-specific
PCR (MSP) to detect the methylation status of the 5'CpG island. Bisulfite-
treated DNA was amplified by PCR with methylation status-specific primer
pairs. Primer sets used for amplification are designated as unmethylated (U)
and methylated (M). Among these cell lines, PCR with methylated primers
show that HT-29 cells have methylated forms of DLC-1, but Caco-2 and LoVo
cells showed the unmethylation-specific band. M, MSP; U, unmethylation-
specific PCR.

MTT assay. The transfected cells were plated in 96-well
microtiter plates at a density of 1x10* cells/well. Cells were
further cultured for 24, 36 and 48 h respectively, after which
the medium was replaced with 100 ul of fresh serum-free
medium containing 50 ug MTT. Four hours later, the color
reaction was quantified with an ELISA plate reader at a test
wavelength of 570 nm and a reference wavelength of 630 nm.
The experiment was repeated three times independently.

Colony formation assay. The cells stably transfected with
DLC-1 and control cells were seeded into six-well plates at
a density of 1x10* cells/well, the culture medium contained
500 pg/ml G418 (Geneticin; Life Technologies, Inc). After
culturing for two weeks, the G418-resistant colonies were
washed twice with phosphate-buffered saline (PBS), stained
with Giemsa, and the colony formation efficiency was tested.
For soft agar colony assays, the pGCsil-DLC-1, the mock
and the control group were mixed with RPMI-1640 complete
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GAGTGTTAGGAGTTGTG TAGGAATGAGTGG TG AGGGATG GGG AGTAGTGTTGGG
CTCACAATCCTCAACACATCCTTACTCACCACTCCCTACCCCTCATCACAACCC

T T

GGTCG TG ACG AGGGGTAGGCGAGCGGCCAGCAAGG ATGCGTTC AGG ACCGCG AGGG
GGTCGTGACGAGGGGTAGGOAGCGGCGAGCAAGGATGC GTTGAGGACCGCGAGGEC

It il

Figure 4. Bisulfite sequencing of LoVo and HT-29 cells. A 292 bp fragment of the DLC-1 promoter region was sequenced in LoVo and HT-29 cells. Examples
of an unmethylated DLC-1 5'CpG island in sample LoVo (upper) and highly methylated CpG island in sample HT-29 (down) as determined by bisulfite

sequencing analysis. Lines, positions of CpG dinucleotides.

Control  mock siDLC

MARK

Bractin

DLC-1

Figure 5. The mRNA expression of DLC-1 in LoVo cells at 48 h post-trans-
fection was examined by semiquantitative reverse transcription-polymerase
chain reaction. Relative DLC-1 mRNA levels normalized by internal control
B-actin. Compared with the control group, DLC-1 mRNA expression was
reduced.

B-tubulin
(40 kDa)

DLC-1
(123 kDa)

Figure 6. RNA interference induced downregulation of cellular DLC-1
protein. The knockdown efficiencies of DLC-1 in LoVo cells were analyzed
by western blot analysis. Relative protein level was normalized by internal
control B-tubulin. DLC-1 protein expression was downregulated after tans-
fection, particularly after 48 h. Lane 1, mock (no short hairpin RNA); lane 2,
control; lane 3, pGCsi DLC-1/24 h; lane 4, pGCsi DLC-1/48 h. The figure
shows a representative result from at least three independent experimental
data with similar results.

medium containing 0.4% agar and placed over 0.6% of basal
agar in six-well plates. Cells were grown for two weeks and
colonies were visualized microscopically and photographed.
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Figure 7. Cell proliferation assessed by MTT assay in different transfected
cell lines. To examine the effect of DLC-1 on LoVo cell growth, pGCsiDLC-1,
control group and mock cell lines were cultured for 24, 36 and 48 h respec-
tively. At 48 h, the proliferation rate of LoVo cells increased significantly
compared to the mock and control group (P<0.01). No significant difference
was observed between the mock and the control group.

Results

Detection of DLC-1 expression in colon cancer cell lines.
RT-PCR was performed in Caco-2, LoVo and HT-29 cells to
examine the expression of DLC-1 in colon cancer cell lines.
To validate the PCR results, the same cDNA was amplified
for B-actin. All the cell lines were positive for (3-actin, which
indicates both RNA preparation and cDNA synthesis were
successful. Caco-2 and LoVo colon cancer cell lines were all
positive for DLC-1 mRNA and aband of 262 bp, but low levels or
absence of DLC-1 mRNA were observed in HT-29 cells (Fig. 1).
In order to detect the protein expression of DLC-1 in these
cells, western blot analysis was performed and the results were
in agreement with the results obtained from RT-PCR. Loss of
DLC-1 protein expression was detected in HT-29, Caco-2 and
LoVo revealed a fragment of 123 kDa (Fig. 2).
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pGCsiDLC-1

Figure 8. Colony-formation assays. (A) To test the effect of DLC-1 on colony formation, cells transfected with DLC-1 and control vector were cultured in G418
for two weeks. The images are of flasks containing control LoVo cell lines and cells transfected with pGCsiDLC-1. A significant reduction in both colony
number and size of G418-resistant colonies was observed in the control LoVo cell lines compared to cells transfected with pGCsiDLC-1. (B) Inhibition of
expression of DLC-1 induces LoVo cell anchorage-independent growth. Cells were grown in soft agar (0.4%), the colonies were visualized microscopically

after two weeks and photographed from one representative experiment.

Methylation of the DLC-1 gene promoter in colon cancer
cell lines. To determine whether the loss of DLC-1 expression
was mediated by promoter hypermethylation in human colon
cancer cell lines, MSP was performed on Caco-2, LoVo and
HT-29 cells. Representative results are shown in Fig. 2. All
cells exhibited the bands that correspond to either unmethyl-
ated (178 bp) or methylated (172 bp) CpG island. PCR with
methylated primers showed that HT-29 has methylated forms
of DLC-1, which showed no expression or low levels of DLC-1
expression. On the other hand, the unmethylated band was
observed in Caco-2 and LoVo cells (Fig. 3). To further confirm
the methylation status as well as to determine whether the loss
of DLC-1 expression was mediated by promoter hypermethy-
lation in colon cancer cell lines, a 292 bp fragment of the
DLC-1 promoter region was sequenced on LoVo and HT-29
cells. In agreement with the results obtained from MSP study,
6 CpG dinucleotides in LoVo cell were unmethylated, whereas
HT-29 cells showed extensive hypermethylation at these CpG
dinucleotides (Fig. 4).

Inhibition of DLC-1 gene expression by shRNA expres-
sion vectors. The knockdown efficiencies of DLC-1 specific
shRNAs in LoVo cells were analyzed by semiquantitative
RT-PCR. Relative DLC-1 mRNA levels were normalized by
internal control B-actin after transfection. Compared with
the mock and the control group, the DLC-1 mRNA expres-
sion was reduced in the pGCsiDLC-1 LoVo cells, but it was
not different in the mock and the control group (Fig. 5). The

expression of DLC-1 protein can reflect post-transcription
level of the DLC-1 gene. The knockdown efficiencies of DLC-1
protein in LoVo cells were analyzed by western blot analysis.
[B-tubulin protein expression was used to normalize the expres-
sion of DLC-1. The results showed DLC-1 protein expression
to be downregulated following transfection, particularly after
48 h (Fig. 6).

Effects of DLC-1 expression on cell growth in LoVo cells. To
determine whether decreased DLC-1 expression may change
the rate of LoVo cell proliferation, DLC-1 RNAi recombi-
nant vector was transfected into LoVo cells to downregulate
DLC-1 expression and MTT assay was carried out to test cell
proliferation. Fig. 7 shows that after the cells were transfected
with pGCsiDLC-1, the proliferation rate of the LoVo cells
increased significantly at 48 h compared to the control and
the mock group (P<0.01). No significant difference of growth
inhibition was observed between the mock and the control
group. To further assess the time of DLC-1 inhibitory effects,
we tested the effect of DLC-1 on colony formation of LoVo
cells; cells transfected with pGCsiDLC-1 and control vector
were cultured in G418 for two weeks and the colony number
was counted on Giemsa-stained dishes. A significant increase
both in colony number and size of G418-resistant colonies
was observed in transfection LoVo cell lines compared to the
control group (Fig. 8A) and for soft agar assays, cells trans-
fected with pGCsiDLC-1 formed colonies more quickly than
the mock and the control group (Fig. 8B).
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Discussion

A candidate tumor suppressor gene referred to as DLC-1
was isolated from human HCC by PCR-based subtractive
hybridization approach (16). Determination of the DLC-1
cDNA sequence shows that it is the human homologue
of rat p122, which has been found to act as a Rho GTPase
protein (RhoGAP) (17). DLC-1 contains a RhoGAP domain,
and two other functional motifs, a sterile alpha motif (SAM)
domain and a StaR-related lipid transfer (START) domain.
Overexpression of pl122 in cultured cells induces morpholog-
ical changes in adherent cells and the detachment of cells from
the substratum (18). It was originally reported that the human
DLC-1 gene is a regulator of the Rho family of small GTPases,
indicating that the DLC-1 gene controls actin cytoskeleton
organization, membrane trafficking, gene expression, cell
proliferation, malignant transformation and metastasis (19).
The length of the human DLC-1 gene is 50 kb and consists of
14 exons, the sequence at the 5'end of the first exon is GC-rich
and typical of a CpG island, it has a 63% G+C content, that
encompasses the transcription start site and harbors several
potential transcription factor-binding sites (20). Results have
shown that the 5'CpG island of the DLC-1 gene is unmethyl-
ated in DNA from normal cells but is methylated in DNA from
several tumor cell lines that have been shown to lack detectable
levels of DLC-1 mRNA. Almost all CpG sites within DLC-1
CpG island were methylated in gastric cancer cells (21,22).
This methylation promotes the binding of proteins that
recognize methyl-CpGs and lead to alterations in chromatin
structure that repress transcription.

In this study, we first investigated the expression of the
DLC-1 in colon cancer cell lines. Levels of DLC-1 expression
were reduced or undetectable in HT-29, while high levels of
DLC-1 were detected in Caco-2; RT-PCR and western blot
analysis demonstrated the expression of the DLC-1 gene in
LoVo was positive both at the mRNA and the protein level.
The findings agree with those reported by Ullmannova and
Popescu (23). Since mounting evidence demonstrated that
promoter hypermethylation of certain tumor-suppressor genes
can inhibit gene transcription, the methylation status of the
promoter region of the DLC-1 gene was examined by using
MSP and sodium genomic sequencing in the three colon
cancer cell lines. These findings confirmed that the promoter
of DLC-1 is hypermethylated in the HT-29 colon cancer cell
line, which does not have detectable levels of DLC-1 mRNA
and protein expression. On the contrary, no methylation was
found in LoVo and Caco-2 cells which are positive for DLC-1
expression. It is agreed that with the loss of mRNA expression,
epigenetic silencing by mechanisms such as aberrant methyla-
tion of the DLC-1 promoter might be responsible, particularly
in colon cancer. Mutations of DLC-1 in other types of cancer
are low (24,25). DLC-1 inactivation caused by methylation
was not rare in colon cancer cell lines; thus, promoter hyper-
methylation might be a major mechanism responsible for the
silencing of DLC-1 in a variety of solid tumors and hemato-
logical malignancies.

The investigation by Yuan ef al (26) demonstrated that
transfer of DLC-1 into three DLC-1 negative human non-small
cell lung carcinoma cell lines caused a significant inhibition in
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cell proliferation and a decrease in colony formation. DLC-1
restoration in DLC-1 negative SNU-368 human HCC cells
resulted in inhibition of cell proliferation and migration, and
induction of cell morphological changes. In addition, signifi-
cant reduction of tumorigenicity was shown in nude mice,
which indicates DLC-1 plays the role of a tumor suppressor
gene. To understand whether DLC-1 expression affects colon
cancer cell growth, eukaryotic expression plasmid vectors of
shRNA specific for the DLC-1 gene were designed and gener-
ated. The plasmid vectors were transfected into LoVo cells
by cation liposomes to inhibit DLC-1 expression in the LoVo
cell line which highly expresses the DLC-1 gene. Data also
showed that lack of DLC-1 expression resulted in the inhibi-
tion of cell growth and reduced colony formation. Forty-eight
hours after the cells were transfected, the proliferation rate of
the LoVo cells increased significantly compared to that of the
control and the mock transfection group (P<0.01); a significant
increase in both colony number and size of colonies was also
observed in transfected cells. Collectively, our observations
suggest that hypermethylation is responsible for abrogating the
function of the DLC-1 gene in colon cancer and indicate an
inhibitory effect on colon cancer cell growth in vitro.
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