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Abstract. Recent studies have determined that inactivation 
of runt-related transcription factor 3 (RUNX3) expression is 
highly associated with lymph node metastasis and poor prog-
nosis in various types of cancer. However, the mechanism of 
RUNX3-mediated suppression of tumor metastasis remains 
unclear. Herein, we aimed to clarify the effect of RUNX3 
on metastasis and angiogenesis in colorectal cancer (CRC). 
Firstly, we found that the reduction in expression of RUNX3 
in CRC tissues when compared with tumor adjacent normal 
colon tissues, as indicated by reduced RUNX3 staining, was 
significantly correlated with tumor-node-metastasis (TNM) 
stage. Secondly, we demonstrated that RUNX3 overexpres-
sion inhibited CRC cell migration and invasion resulting from 
the upregulation of matrix metalloproteinase-2 (MMP-2) and 
MMP-9 expression. In contrast, the knockdown of RUNX3 
reduced the inhibition of migration and invasion of CRC 
cells. Finally, we found that restoration of RUNX3 decreased 
vascular endothelial growth factor (VEGF) secretion and 
suppressed endothelial cell growth and tube formation in 
CRC cells. All in all, our findings may provide insight into the 

development of RUNX3 for CRC metastasis diagnostics and 
therapeutics.

Introduction

Colorectal cancer (CRC) is one of the most common cancers 
worldwide. Despite recent advances in cancer therapy 
including chemotherapy, radiation and surgery, metastasis 
to other organs such as the lymph nodes, the liver and the 
lungs remains on ongoing issue (1). The survival rate of CRC 
patients has increased, but only by a relatively short period 
(20 months) when compared to other types of cancer (2,3). 
A better understanding of the mechanisms involved in the 
pathways of metastasis may improve the management of CRC.

The runt-related transcription factor (RUNX) family 
consists of RUNX1, RUNX2 and RUNX3, which play an 
important role in cell proliferation and tumorigenesis (4). 
Among them, RUNX3, in particular, has been shown to play 
a tumor-suppressor role in several types of cancers and its 
expression levels are downregulated in tumor tissues (5,6). 
RUNX3 was first suggested to be a tumor suppressor in gastric 
cancer (7). Recent studies have shown that RUNX3 expression 
levels are downregulated in CRC, either from hemizygous 
deletion or from promoter methylation of the RUNX3 gene. 
Furthermore, a decrease in RUNX3 protein expression was 
found to be significantly associated with decreased survival 
of CRC patients (8,9). Mu et al (10) showed that RUNX3 
expression was decreased in 70% of primary human colorectal 
tumors; with over 90% of late stage tumors that represent 
highly metastatic tumors, showing reduced RUNX3 levels.

Epithelial-mesenchymal transition (EMT) is a morphoge-
netic process of the malignant transformation of epithelial cells. 
The EMT phenotype is characterized by the loss of cell-to-cell 
adhesion and remodeling of the actin cytoskeleton as well as 
the loss of the epithelial molecule E-cadherin and the gain 
of mesenchymal markers such as vimentin and Snail (11,12). 
EMT is known to be necessary for cells to obtain migratory 
and invasive capabilities (13). It is necessary for tissue invasion, 
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which is an essential step in metastasis that requires breakdown 
of the extracellular matrix (ECM) around the cancer cells. In 
the complicated multi-steps of cancer metastasis, one of the 
first steps is the degradation of the ECM by matrix metallo-
proteinases (MMPs). MMPs are mainly secreted during tumor 
development, invasion and metastasis; the secretion of MMPs 
promotes the invasion of malignant cancer cells into adjoining 
tissue, blood and lymph vessels. MMPs, particularly MMP-2 
and MMP-9, have been postulated to promote invasion and 
lymph node metastasis of gastrointestinal cancer cells. 
Suppression of MMP activity impairs cancer cell migration 
and angiogenesis (14,15), the recruitment of new blood vessels, 
which is required for invasiveness and metastasis (16,17), and 
is regulated by the angiogenic stimulator vascular endothelial 
growth factor (VEGF) (18). Therefore, tumor angiogenesis and 
metastasis are key targets for anticancer therapy. It has been 
found that RUNX3 suppresses cell motility and metastasis in 
renal cell carcinoma and prostate cancer (19,20). This suggests 
that RUNX3 plays an important role in tumorigenesis and 
progression. However, the role of RUNX3 in CRC has not yet 
been well studied.

In the present study, we found that deficiency or loss 
of RUNX3 expression was directly correlated with CRC 
tumor-node-metastasis (TNM) stage. Furthermore, restora-
tion of RUNX3 expression led to the suppression of MMP-2 
and MMP-9, and at least in part, to the inhibition of tumor 
metastasis. We also demonstrated that the reduction in VEGF 
release induced by RUNX3 reintroduction, inhibited CRC 
angiogenesis. Our clinical and mechanistic data indicated that 
RUNX3 may be a tumor suppressor involved in the progres-
sion of CRC.

Materials and methods

Reagents. RPMI-1640 medium, fetal bovine serum (FBS) and 
antibiotics were purchased from Gibco (Carlsbad, CA, USA). 
Antibodies obtained included RUNX3 (Abcam, Cambridge, 
MA, USA), E-cadherin (BD Biosciences, San Jose, CA, 
USA), β-actin (Sigma, St. Louis, Mo, USA), vimentin (Dako, 
Carpinteria, CA, USA) and Snail (Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). MMP-2 inhibitor was also purchased 
from Santa Cruz Biotechnology.

Cell lines and transfection. The human CRC cell lines 
(HCT116, DLD-1, SW480, SW620 and Colo205) were 
purchased from the Korea Cell Line Bank (KCLB) and main-
tained according to KCLB's instructions. Transfection of 1 µg 
of plasmid DNA [pFlag-c1 (con) and pFlag-c1 RUNX3] into 
CRC cells was performed using Lipofectamine 2000 transfec-
tion reagent (Invitrogen, Carlsbad, CA, USA). Transfection of 
the RUNX3 siRNA and control siRNA (200 nM) was carried 
out using Lipofectamine RNAiMAX transfection reagent 
(Invitrogen). RUNX3 siRNA forward was 5'-gUg AUg gCA 
ggC AAU gAC gAg AAC U-3' and reverse, 5'-AgU UCU 
CgU CAU UgC CUg CCA UCA C-3'.

Wound-healing and Matrigel invasion assays. After transfec-
tion, the cells were seeded at 5x105 cells/well in 12-well plates. 
At 100% confluence, two parallel wounds were made using a 
plastic pipette tip. The cells were then grown in culture medium 

with 5% FBS. Images of the wound were collected at 0, 24 and 
48 h using a microscope. The migration rate was quantified by 
measuring the distance between the wound edges. This assay 
was independently repeated three times. For the Matrigel 
invasion assay, 3x105 cells/well were seeded in the upper 
chamber, which was coated with Matrigel (BD Biosciences). 
After 48 h at 37˚C in 5% Co2, the cells present on the lower 
surface of the insert were stained with Diff-Quik Stain kit 
(Biochemical Sciences, Inc., Swedesboro, NJ, USA). The cells 
invaded through the Matrigel-coated membrane were counted 
by microscopy.

Cell viability assay. CRC cells were grown in a 96-well plate 
at 1x104 cells/well. The cells were transfected with pFlag-cl 
RUNX3 or pFlag-cl (con). At 24 h after transfection, 25 µl of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) (5 mg/ml) (Sigma-Aldrich Co. LLC, St. Louis, Mo, 
USA) was added to each well, and the plates were incubated 
for 4 h at 37˚C. The MTT solution in the medium was then 
aspirated, and 150 µl of dimethyl sulfoxide (DMSo) was 
added before measurement of the absorbance at 550 nm.

Colony formation assay. Stably transfected HCT116 and 
DLD-1 cells were diluted and seeded into 6-well plates at a 
density of 500 cells/well, and then were cultured at 37˚C. The 
medium was changed every three days. After one week, the 
cells were washed with phosphate-buffered saline (PBS), fixed 
with 4% paraformaldehyde for 30 min, and then stained with 
crystal violet for 30 min for visualization and counting.

Immunofluorescence. Cells grown on a glass coverslip 
were fixed with 3.7% formaldehyde for 15 min, followed 
by permeabilization with 0.5% Triton X-100 for 15 min at 
room temperature. The cells were then blocked for 1 h with 
3% bovine serum albumin. Primary antibodies were applied 
overnight at 4˚C, followed by incubation with secondary 
Alexa Fluor 594-conjugated secondary antibody (Molecular 
Probes, Eugene, oR, USA) or the FITC-conjugated 
secondary antibody (Sigma). The nuclei were costained with 
4',6-diamidino-2-phenylindole (DAPI) and visualized using 
fluorescence microscopy.

Western blotting. Cells were lysed in RIPA buffer [50 mM 
Tris, 150 mM NaCl, 1% Triton X-100, 0.1% SDS and 1% 
Na-deoxycholate (pH 7.4)] with proteases and phosphatase 
inhibitor cocktails and were subjected to SDS-PAgE. Cells 
were then transferred onto nitrocellulose membranes (GE 
Healthcare Life Sciences, Logan, UT, USA), blocked with TBS 
containing 0.2% Tween-20 and 5% skim milk, incubated with 
the primary antibody and then incubated with the horseradish 
peroxidase-labeled secondary antibody. The signals were 
detected by X-ray film.

RT-PCR and real-time PCR. Total RNA was extracted using 
TRIzol reagent (Life Technologies, grand Island, Ny, USA). 
Amplification of transcripts was performed by reverse tran-
scriptase polymerase chain reaction kit (Life Technologies). 
RT-PCR primers for MMP-2 were: forward, 5'-TgA Tgg 
TgT CTg CTg gAA Ag-3' and reverse, 5'-gAC ACg TgA 
AAA gTg CCT Tg-3'); and for MMP-9 forward, 5'-AAg 



ONCOLOGY REPORTS  36:  2601-2608,  2016 2603

ATg CTg CTg TTC AgC ggg-3' and reverse, 5'-gTC CTC 
Agg gCA CTg CAg gAT-3'). Real-time PCR was performed 
on an Applied Biosystems 9700 real-time PCR using gene 
specific oligonucleotide primers for TaqMan probes (Applied 
Biosystems, Foster City, CA, USA). TaqMan probes were as 
follows: gAPDH (Hs99999905_m1), RUNX3 (Hs00231709_
m1) and MMP-2 (Hs01548727_m1). For expression of mRNA, 
gene expression was normalized to GAPDH.

Tube formation assay. For the tube formation assay, a 48-well 
plate was coated with Matrigel (BD Biosciences). Human 
umbilical vein endothelial cells (HUVECs) (3x104) were 
suspended in 100 µl Medium 200PRF (Life Technologies) and 
applied to the pre-coated 48-well plate. After 6 h, the number 
of capillary-like tubes was counted using microscopy.

Enzyme-linked immunosorbent assay (ELISA) for VEGF. 
HCT116 and DLD-1 cells were seeded in a 60-mm dish. The 
supernatants were collected at 48 h. The levels of VEGF 
secreted by the cells in the medium were detected using VEGF 
ELISA kit (R&D Systems, Minneapolis, MN, USA).

Results

RUNX3 expression is decreased in human CRC. We first 
investigated whether expression of RUNX3 is reduced in 
human CRC. Immunohistochemistry (IHC) staining was 
performed on TMA slides containing normal and tumor 
cancer tissues. As shown in Fig. 1A, from the serial sections 
of paired normal colorectal and tumor tissues of CRC patients, 
RUNX3 was highly expressed in the normal colorectal tissues, 
but lower in the tumor tissues. our IHC data showed that there 

was a significantly lower level of RUNX3 in the tumor tissues 
than that noted in the normal colon tissues (P<0.01, Fig. 1B). 
Since TNM stage is an important prognostic and metastatic 
marker for patients, we confirmed expression of RUNX3 in 
stage I-II (n=104) and stage III-IV (n=81) CRC tissues. We 
found that expression of RUNX3 was markedly decreased in 
stage III-IV compared with stage I-II tissues (Fig. 1C). These 
results suggest that RUNX3 may be an important prognostic 
marker in CRC patients.

RUNX3 does not affect cell viability and proliferation in CRC 
cells. A previous study reported that loss of RUNX3 induces 
proliferative effect in gastric cancer cells (21). To investigate 
the function of RUNX3 in CRC, we tested whether RUNX3 
affects the viability of CRC cells. We first determined the 
endogenous protein level of RUNX3 in CRC cell lines. As 
shown in Fig. 2A, HCT116, SW480 and SW620 cells expressed 
a higher RUNX3 level than corresponding DLD-1 and 
Colo205 cells. Then, after pFlag-c1 RUNX3 or pFlag-c1 (con) 
transfection, the cell viability of the CRC cells was performed 
by MTT assay, but there was no change in the RUNX3-
overexpressing cells (Fig. 2B). In order to further confirm 
cell proliferation, we performed a colony formation assay. As 
shown in Fig. 2C and D, there was no significant difference in 
colony formation ability in RUNX3-overexpressing HCT116 
and DLD-1 cells compared with this ability in cells transfected 
with pFlag-c1 (control).

RUNX3 plays an important role in motility and invasiveness. 
Since Fig. 1A demonstrates that expression of RUNX3 is 
associated with TNM stage, RUNX3 may play an important 
role in CRC metastasis. Thus, we performed an experiment 

Figure 1. RUNX3 expression in tumor adjacent normal colorectal and CRC tissues. (A) Representative images of immunohistochemistry in human CRC 
specimens stained for RUNX3. Magnification, x40. (B) Box plots indicate the percentage of RUNX3-positive cells in normal (left box) and tumor samples 
(right box); **P<0.01 for normal vs. tumor tissues. Normal, n=53; tumor, n=185. The data for the box plots are derived from the immunohistochemical analyses 
in A. (C) Expression of RUNX3 is correlated with TNM stage. **P<0.01, when comparing I-II vs. III-IV stage tissues.
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to test whether overexpression of RUNX3 could prevent 
EMT. First, we examined EMT markers at the protein levels 
in the RUNX3-overexpressing cells. As shown in Fig. 3A, 
epithelial marker E-cadherin was significantly increased while 
mesenchymal markers vimentin and Snail were decreased 
in the RUNX3-overexpressing cells compared with these 
levels in pFlag-c1 (con) cells. These observations were also 
confirmed by immunofluorescence. E-cadherin expression 
in the RUNX3-overexpressing cells was increased and 
vimentin expression in the RUNX3-overexpressing cells was 
decreased (Fig. 3B). We next investigated the effect of RUNX3 
on the cell motility of the CRC cells. Cell motility was 
significantly decreased in the RUNX3-overexpressing cells. 
In contrast, cell migration was also increased in the RUNX3 
siRNA-transfected HCT116 and DLD-1 cells (Fig. 3C). In 
addition, to examine the effect of RUNX3 expression on the 
metastatic ability of CRC cells, HCT116 and DLD-1 cells were 
transiently transfected before performing Matrigel invasion 
assay. The RUNX3-overexpressing cells had decreased cell 
invasive ability while knockdown of RUNX3 increased the 
cell invasive ability compared with that of the cells transfected 
with control siRNA (Fig. 3D). The results suggest that RUNX3 
acts as a key regulator of metastasis and EMT.

RUNX3 is a regulator of MMPs for invasiveness and angio-
genesis. To study the role of RUNX3 in cell invasion, we 
measured the activities of MMP-2 and MMP-9 by RT-PCR. 
As shown in Fig. 4A, the activity of MMP-2 was increased, 
but not that of MMP-9, in the RUNX3 siRNA-transfected 
HCT116 and DLD-1 cells compared with the activities in 
the con siRNA cells. Hence, we hypothesized that MMP-2 

is affected by the invasive effects of cells transfected with 
RUNX3 siRNA. To test this hypothesis, we treated the cells 
with the MMP-2 inhibitor (5 µM) for 24 h after transfection 
of RUNX3 siRNA. Cell motility promoted by RUNX3 siRNA 
was significantly decreased by the MMP-2 inhibitor (Fig. 4B). 
We then assessed the effects of the MMP-2 inhibitor on the 
invasion of RUNX3 siRNA-transfected HCT116 and DLD-1 
cells. As shown in Fig. 4C, the cells treated with the MMP-2 
inhibitor showed significantly lower invasiveness. Together, 
these data demonstrated that RUNX3 inhibits metastasis 
through MMP-2. To further examine the effect of RUNX3 on 
angiogenesis, we performed an endothelial cell tube forma-
tion assay. The degree of tube formation was assessed as the 
percentage of cell surface area vs. total surface area. As shown 
in Fig. 4D, the average number of complete tubular structures 
formed by HUVECs was significantly reduced in the condi-
tioned medium from the RUNX3-overexpressing HCT116 and 
DLD-1 cells compared with the vector controls. To evaluate 
the mechanism involved in the regulation of angiogenesis by 
RUNX3, ELISA was performed to detect VEgF secretion 
into the conditioned culture medium of CRC cells. As shown 
in Fig. 4E, a significant reduction in VEGF secretion was 
observed in the conditioned medium from the HCT116 and 
DLD-1 cells transfected with pFlag-RUNX3 compared with 
the control cells (P<0.05).

Discussion

In previous studies, RUNX3 in colorectal cancer (CRC) has 
been considered to be associated with cell apoptosis and 
hypermethylation (22,23). However, the effect of RUNX3 

Figure 2. RUNX3 does not affect cell viability and proliferation in CRC cells. (A) The endogenous protein level of RUNX3 in CRC cell lines was assessed 
by western blotting. (B) The cell viability of the CRC cells was determined by MTT assay after transfection with pFlag-c1 RUNX3 or pFlag-c1 (con) for 
24 h. (C and D) The effect of cell growth with or without RUNX3 on colony formation of HCT116 and DLD-1 cells. (C) Representative images of the colony-
formation assay. (D) Analysis of colony formation rates in the HCT116 and DLD-1 cells with or without RUNX3. Data are presented as the means ± SD of 
three independent experiments.
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Figure 3. Effect of RUNX3 on the invasion and metastatic abilities of CRC, HCT116 and DLD-1 cells. (A) Western blotting was performed to detect the levels 
of EMT markers (E-cadherin, vimentin and Snail) and RUNX3. (B) The expression levels of E-cadherin and vimentin were detected by immunofluorescence. 
The nuclei were counterstained with DAPI. E-cadherin (red) and vimentin (green) were visualized by confocal fluorescence microscopy (original magnifica-
tion, x40). Scale bar, 20 µM. (C) Wound-healing assay was performed to determine the effect of RUNX3 on cell motility. Cell monolayers were scratched 
with a pipette tip and incubated with 5% FBS medium. Cell migration to the wound area was then monitored for 48 h post-wound, and the percentage of total 
area covered by the cells was then assessed using the NIH Image program. P-values were calculated compared with pFlag-c1 (con), **P<0.01. (D) Transwell 
assays with Matrigel were performed to detect the effect of RUNX3 on the invasive ability of CRC, HCT116 and DLD-1 cells. The invaded cells on the bottom 
chamber were stained with crystal violet and counted. Images of invasive HCT116 and DLD-1 cells (top panel). Quantitative analyses for the cell invasion 
through the Matrigel-coated membrane (bottom panel); **P<0.01.
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alteration on tumor angiogenesis and metastasis has not been 
examined in CRC. In the present study, we found that RUNX3 
was frequently silenced or downregulated in CRC cell lines, 

as well as in primary CRC compared to normal colorectal 
mucosa tissues. Specifically, we found that the expression of 
RUNX3 was decreased in the late stage III-IV compared to 

Figure 4. RUNX3 inhibits angiogenesis by suppression of MMPs. (A) HCT116 and DLD-1 cells were transfected with RUNX3 siRNA or non-specific (con) 
siRNA. In addition, the expression levels of MMP-2 and MMP-9 were analyzed by RT-PCR. β-actin served as a control for total RNA. (B) HCT116 and DLD-1 
cells transfected with RUNX3 siRNA or non-specific (con) siRNA were treated with an MMP-2 inhibitor (5 µM) for 24 h. RUNX3 and MMP-2 mRNA levels 
were determined by real-time PCR. Relative fold-change levels were normalized to the corresponding GAPDH mRNA expression level. Wound-healing 
assay (bottom left graph) was performed to determine the effect of MMP-2 on cell motility. Cell monolayers were scratched with a pipette tip and incubated 
with 5% FBS medium. Cell migration to the wound area was then monitored for 48 h post-wound, and the percentage of total area covered by cells was then 
assessed using the NIH Image program. P-values were calculated compared with pFlag-c1 (con); **P<0.01. (C) Transwell assays with Matrigel were performed 
to detect the invasive ability of the MMP-2 inhibitor. The invaded cells on the bottom were stained with crystal violet and counted. Images of invasive HCT116 
and DLD-1 cells are shown (upper panel). Quantitative analyses of the cell invasion through the Matrigel-coated membrane (lower panel) *P<0.05, **P<0.01. 
(D) The angiogenic potential of colon cancer cells was determined by an endothelial cell tube formation assay. Conditioned media (CM) was prepared from 
HCT116 and DLD-1 cells transiently transfected with pFlag-c1 (con) or pFlag-c1 RUNX3. HUVECS (5x104) in 200 µl of CM were then plated on growth 
factor-reduced Matrigel to form capillary tubes. Capillary tube formation in each group was captured using a light microscope. All experiments were carried 
out in triplicate. (E) Quantification of VEgF secretion in HCT116 and DLD-1 cells transduced with pFlag-c1 (con) and pFlag-c1 RUNX3 using an ELISA kit. 
P-values were calculated compared with pFlag-c1 (con); **P<0.01.
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the early stage I-II tumor samples (Fig. 1C). These clinical 
data clearly demonstrated that expression of RUNX3 affects 
cancer metastasis in CRC. Finally, functional experiments 
revealed that restoration of RUNX3 in CRC cells inhibited 
cell proliferation, suppressed cell invasion and migration and 
regulated EMT-related proteins, E-cadherin, vimentin and 
Snail. All things considered, our data suggest that RUNX3 
is a tumor-suppressor gene, which is downregulated through 
promoter hypermethylation in CRC.

The major cause of mortality of cancer patients is metas-
tasis (24). The EMT process in tumor cells is an essential step 
in metastasis. Thus, we detected changes in expression of 
epithelial marker E-cadherin and mesenchymal markers Snail 
and vimentin corresponding to changes in RUNX3 expres-
sion. In the present study, knockdown of RUNX3 expression 
markedly weakened the migration and invasion ability of 
the HCT116 and DLD-1 cells compared with the negative 
control (Fig. 3). It has also been found that downregulation 
of the epithelial marker E-cadherin induced the expression of 
various mesenchymal markers, such as Snail and vimentin, 
during EMT (25). Consistent with these observations, we 
found that overexpression of RUNX3 significantly inhibited 
motility and invasiveness in CRC cells. Whereas, knockdown 
of RUNX3 promoted motility and invasiveness in the HCT116 
and DLD-1 cells (Fig. 3). These results indicated that RUNX3 
may inhibit EMT progression in CRC cells.

It is possible that MMPs degrade components of the base-
ment membrane and ECM, allowing cancer cells to invade and 
migrate (26,27). In addition, several studies have demonstrated 
that MMP-2 and MMP-9 promote invasion and metastasis 
in CRC (28). To determine how RUNX3 inhibits CRC cell 
migration and invasion, we focused on clarifying the relation-
ship between RUNX3 and MMPs, which have been reported 
to participate in tumor progression. In the present study, we 
found that RUNX3 overexpression significantly inhibited the 
expression of MMP-2 and MMP-9 in HCT116 and DLD-1 
cells (Fig. 4A-C). We found that knockdown of RUNX3 induced 
expression of MMP-2 but not of MMP-9. our data imply that 
RUNX3 may suppress CRC cell invasion and migration by 
decreasing MMP-2 and MMP-9 protein expression. However, 
it remains to be elucidated how RUNX3 regulates MMP-2 and 
MMP-9 expression and how the signaling pathway of RUNX3 
regulates CRC cell invasion.

VEgF, an angiogenic factor, has been identified as a key 
mediator of tumor angiogenesis involved in the development 
of tumor blood supply in the progression of solid tumors (29). 
Previous studies have demonstrated that RUNX3 downregu-
lated VEGF expression via transcriptional repression in human 
gastric cancer and renal cancer cells (19,30). We detected the 
expression and secretion of VEGF after RUNX3 transfection. 
Our data showed that VEGF secretion was reduced by resto-
ration of RUNX3 (Fig. 4D and E). These results suggested 
that RUNX3 suppresses blood vessel formation by regulating 
VEGF secretion.

In summary, the present study revealed that the 
tumor-suppressor gene RUNX3 was inactivated by promoter 
methylation in CRC cell lines and primary CRC tissues. 
Restoration of RUNX3 enhanced cell invasion and migration, 
but had no effect on cell proliferation. Consequently, these 
findings show that the knockdown or restoration of RUNX3 

presents a possible means for inhibiting angiogenesis or 
metastasis and for inhibiting CRC progression.
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