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Abstract. Effect of Runx3 gene on the cell proliferation and 
invasion of rectal cancer was investigated to explore potential 
new targets for targeted treatment of rectal cancer. The Runx3 
overexpression group (OE group), blank plasmid control group, 
negative control and blank group of the rectal cancer HRC-9698 
cell strain were set. The overexpressed Runx3 plasmid was 
transfected in OE group; the empty plasmid was transfected 
in blank plasmid control group; only liposome Lipofectamine 
was added to negative control group; only 1640 medium was 
used in blank group. RT-qPCR was used for detection of the 
mRNA expression of Runx3 in different groups; CCK-8 kit for 
detection of cell proliferation in different groups; Transwell 
chamber test for detection of cell strain invasion in different 
groups. The mRNA expression of Runx3 gene in OE group 
was the highest, significantly higher than that in blank plasmid 
control group, negative control and blank group (P<0.01). The 
OD values of overexpressed Runx3 at 96 h after transfection 
in OE group was significantly lower than each control group 
(P<0.01). At the same time-point, pairwise comparison in 
each group found that OE group was significantly lower than 
blank plasmid control, negative control and blank groups 
(all P<0.01). In the invasion experiment, the number of inva-
sion cells in OE, blank plasmid control, negative control and 
blank groups were 38.63±9.33, 107.87±5.66, 110.93±4.33 and 
112.86±6.66, respectively. OE group was significantly lower 
than each control group (P<0.01). Overexpression of Runx3 
gene in vitro inhibits the cell proliferation of rectal cancer and 
blocks the cell invasion and metastasis. This study provides a 

new idea and a new molecular therapeutic target for molecular 
targeted therapy of rectal cancer.

Introduction

Rectal cancer occurs between the dentate line and the recto-
sigmoid junction and is one of the most common malignancies 
in the digestive system (1). With the rapid development of 
the economic level, people's mental pressure on life is also 
increasing, the life pace is getting increasingly faster, the 
incidence of colorectal cancer (CRC) has increased year by 
year, and the incidence in youth has gradually increased (2). 
According to statistics, the top three new cancers in women 
in the United States in 2018 are breast cancer, lung cancer and 
CRCs, of which CRC accounts for 7% of new cancer cases (3). 
Globally CRC is the third most common cancer, accounting 
for 10% of all cancer cases (4). In many cancers, metastasis 
that is the main cause of death in patients begins with the 
spread of tumor cells at the primary site and leads to secondary 
tumors at distant anatomic site (5). Although significant prog-
ress has been made in understanding the molecular nature of 
metastasis, there are still many problems in the intracellular 
mechanism of controlling metastasis process (6).

Runx3, a member of the Runx family, functions as a 
transcription factor, and its encoded protein is an α subunit 
that can bind to CBFβ/PEBP2β to form a heterodimer in 
the enhancer or promoter of a target gene, so as to regulate 
the gene expression (7). It is the first member of the Runx 
family and plays a role as tumor suppressor gene in various 
cancers such as gastric, lung and liver cancers (8,9). Runx3, 
a downstream effector of the TGFβ signaling pathway, can 
participate in the inhibition of Wnt signal transduction, 
thereby exerting a carcinogenic effect (10). Studies have found 
that Runx3 expression is also downregulated in CRC, and 
Runx3 is associated with the prognosis, clinical stage, differ-
entiation degree and lymph node metastasis of CRC (11,12). 
However, the Runx3-mediated mechanism that inhibits tumor 
metastasis is still unclear, and the effect of this gene on cell 
proliferation, invasion and migration of CRC has not been 
studied. This study explores potential new targets for targeted 
treatment of rectal cancer by investigating the effect of Runx3 
gene on the cell proliferation and invasion of rectal cancer.
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Materials and methods

Materials and reagents. HRC-9698 cells (Shanghai Zishi 
Biotechnology Co., Ltd.); Runx3 overexpression plasmid 
(Shandong Weizhen Biotechnology Co., Ltd.); fetal bovine 
serum, RPMI-1640 medium, 25% trypsin and 0.02% EDTA 
(Procell Life Science & Technology Co., Ltd.); TransScript 
Green Two-Step qRT-PCR SuperMix kit (TransGen 
BiotechBiotechnology Co., Ltd.); Lipofectamine® 3000 trans-
fection reagent and TRIzol reagent (Thermo Fisher Scientific, 
Inc.); qPCR primer sequences (Shanghai Shenggong Biology 
Engineering Technology Service, Ltd.); CCK-8 kit (Shanghai 
Yisheng Biotechnology Co. Ltd.); Transwell chamber (Beijing 
Yiming Fuxing Biotechnology.).

The study was approved by the Ethics Committee of 
China-japan Union Hospital of jilin University (Changchun, 
China).

Culture method for HRC-9698 cell strain. HRC-9698 cells are 
suspension cells. The cells were aspirated with a pipette into 
a RPMI-1640 medium with 9 ml of 10% fetal bovine serum; 
centrifuged at 800 x g for 5 min at 4˚C and resuspended; the 
resuspended cells were aspirated with a pipette into a new 
medium and incubated in an incubator at 37˚C and 5% CO2. 
After the cells grew to ~70% confluence, they were digested 
with 0.25% trypsin and 0.02% EDTA mixture, inoculated into 
a six-well plate, and divided into 4 groups (OE, blank plasmid 
control, negative control and blank groups), 3 complex wells 
per group.

Liposome transfection. Transfection was performed when the 
cell confluence reached 80%. The Runx3 overexpression vector 
and liposome Lipofectamine® 3000 were added to OE group, 
the empty plasmid and liposome Lipofectamine 3000 to blank 
plasmid control group, only liposome Lipofectamine 3000 
to negative control group, and equal amounts of complete 
medium to blank group but it was not transfected. Operation 
was performed strictly in accordance with Lipofectamine 3000 
transfection reagent instruction and the cells were incubated at 
room temperature for 5 min. The prepared plasmid DNA and 
liposome complexes were added to the cells that were incu-
bated at 37˚C and 5% CO2 for 2 days, and then the transfected 
cells were detected and analyzed.

RT-qPCR detection of Runx3 gene expression. RNA extrac-
tion and cDNA synthesis: TRIzol and chloroform reagent were 
used for extraction of total RNA from each group of cells, and 
the UV spectrophotometer for detection of RNA concentration 
and purity, A260/A280.

The ratio is considered as qualified between 1.8-2.0. The 
reverse transcription reaction system was prepared according 
to Table I, mixed gently, incubated at 42˚C for 15 min, heated 
at 85˚C for 5 sec to inactivate TransScript® RT/RI (TransGen 
BiotechBiotechnology Co., Ltd.) and gDNA remover.

qPCR reaction with TransScript Green Two-Step qRT-PCR 
SuperMix kit (TransGen BiotechBiotechnology Co., Ltd.): the 
qPCR reaction system was prepared according to Table I, and 
two-step method was used for amplification, pre-denaturation 
at 94˚C for 30 sec, at 94˚C for 5 sec, and at 60˚C for 30 sec for 
40 cycles. GAPDH was used as an internal reference, and the 

upstream and downstream sequences were 5'-GGTGGTGCT 
AAGCGTGTTA-3' and 5'-CCCTCCACAATGCCAA-3', 
respectively; the upstream and downstream sequences of the 
target gene Runx3 were 5'-GGCGGTACCATGGCATCGAA 
CAGCATCTTC-3' and 5'-GCGCTCGAGTCAGTAGGGCC 
GCCACACGG-3', respe ctively. The experimental results were 
analyzed using the2-ΔΔCq method (13).

CCK-8 test of proliferation. Cell suspensions (1x105) were 
prepared and placed in a 96-well plate, 100 µl per well; 
3 complex wells per group; pre-incubated in an incubator at 
37˚C and 5% CO2 for 1 day; incubated continually in incubator 
and 10 µl of CCK-8 solution was added at 12 h. After the incu-
bation for 3 h, a microplate reader (Bio-Rad Laboratories, Inc.) 
was used for determination of OD450 nm as the initial value. 
Then, 10 µl of CCK-8 solution was added to each well every 
24 h (24, 48, 72 and 96 h). After incubated at 37˚C and 5% CO2 
for 3 h, a microplate reader was used for determination of the 
absorbance at 450 nm.

Transwell invasion experiment. Preparation of cell suspen-
sion: serum-free 1640 medium was used to culture cells for 
12 h to remove serum influence and prepare cell suspension. 
The cells were digested with 0.25% trypsin and 0.02% EDTA 
mixture, the culture solution was discarded by centrifugation 
at 3,000 x g for 8 min at 4˚C after digestion, and the cells 
were washed 1-2 times with PBS, resuspend with serum-free 
medium, and counted to adjust cell density to 5x105/ml; 100 µl 
of cell suspensions were added into the Transwell upper 
chamber of a 24-well plate; 1640 medium with 600 µl of 20% 
fetal bovine serum was added to the lower chamber; incubated 
at 37˚C and 5% CO2 for 12 h; the upper non-migrated cells 
were gently wiped off with a cotton swab and washed 3 times 
with PBS; fixed with 4% paraformaldehyde for 10 min; stained 
with 0.1% crystal violet for 20 min. The counts with five fields 
under a microscope (Olympus Corporation) at 400 times were 
observed, and five field counts were randomly selected in each 
well to obtain the average value. The invasion experiment 
was performed on Matrigel-coated cabs purchased from BD 
Company and diluted at the ratio of 1:8.

Statistical analysis. SPSS20.0 (IBM Corp.) software statis-
tical package was used for test and analysis of the data. The 
measurement data are expressed as mean ± standard devia-
tion, and whether there was a difference in results of the four 

Table I. Preparation of reaction system.

Reverse transcription PCR

Total RNA 1 µg Upstream and downstream
 sequences (10 µM) 0.4 µl
5X TransScript® All-in-One Passive reference Dve
SuperMix for qPCR 4 µl (50X) (optional) 0.4 µl
gDNA remover 1 µl 2X TransStart® Tin Green
 aPCR SuperMix 0.4 µl
RNase-free water to 20 µl cDNA 2 µl
 RNase-free water to 20 µl
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groups was analyzed using ANOVA single factor, then LSD 
was used to test whether there was a difference between the 
two. The counting data was expressed as rate and tested using 
Chi-square. The comparison among different time-points in 
the same group was analyzed using repeated measurement 
variance. The 2-ΔΔCq method was used to statistically analyze 
the RT-qPCR results. The significance level is α=0.05.

Results

RT-qPCR detection of Runx3 gene expression. RT-qPCR 
was used for detection of the Runx3 gene expression in the 
four groups of cells. The results of OE group, blank plasmid 
control group, negative control group and blank group were 
242.55±13.97, 1.31±0.10, 1.45±0.06 and 1.55±0.12, respec-
tively. The difference was not statistically significant among 
blank plasmid control, negative control and blank groups 
(P>0.05). They were significantly higher in OE group than 
those in blank plasmid control, negative control and blank 
groups (all P<0.01) (Fig. 1).

CCK-8 test. The cell proliferation in each group was deter-
mined at 12, 24, 48, 72 and 96 h using the CCK-8 method. 

The OD values measured at the five time-points in each 
group by the CCK-8 test are shown in Table II. At the same 
time-point, pairwise comparison in each group found that 
OE group was significantly lower than blank plasmid control, 
negative control and blank groups (all P<0.01), and the differ-
ence was not statistically significant among the latter three 
groups (P>0.05). CCK-8 proliferation curve is shown in Fig. 2. 
Comparison among different time-points in the same group 
found that the proliferation curves of the four groups all 
showed an upward trend, and the OD values at 24 and 72 h 
were significantly higher than those at previous time-point in 
blank plasmid control, negative control and blank groups, and 
the OD values at 24 h were significantly higher than those at 
previous time-point in OE group (all P<0.01).

Transwell invasion experiment. The number of invasion cells is 
shown in Table III. In OE group, blank plasmid control, negative 
control and blank groups were 38.63±9.33, 107.87±5.66, 

Table II. CCK-8 test results of each group at different time-points.

Items Blank plasmid control group Negative control group Blank group OE group F-value P-value

12 h 0.88±0.15 0.78±0.12 0.77±0.13 0.59±0.08a 5.96 0.02
24 h 1.23±0.16b 1.18±0.18b 1.04±0.11b 0.78±0.12a,b 17.34 <0.001
48 h 1.32±0.23 1.23±0.14 1.11±0.19 0.82±0.16a 12.72 <0.001
72 h 1.68±0.21b 1.63±0.19b 1.51±0.24b 0.85±0.21a 29.34 <0.001
96 h 1.84±0.29 1.72±0.22 1.68±0.21 1.01±0.27a 20.24 <0.001
F-value 32.03 42.84 36.6 6.26
P-value <0.001 <0.001 <0.001 <0.001

aP<0.05, at the same time-point, compared to blank plasmid control, negative control and blank groups; bP<0.05, compared to previous 
time-point in the same group. OE group, overexpression group.

Figure 1. RT-qPCR detection of Runx3 gene expression. RT-qPCR was used 
for detection of the Runx3 gene expression in the four groups of cells, and 
it was found that the difference was not statistically significant among blank 
plasmid control, negative control and blank groups (P>0.05). They were sig-
nificantly higher in OE group than those in blank plasmid control, negative 
control and blank groups (all P<0.01). aP<0.01, compared to blank plasmid 
control group; bP<0.01, compared to negative control group; cP<0.01, com-
pared to blank group. OE group, overexpression group.

Figure 2. CCK-8 test. The cell proliferation in each group was determined at 
12, 24, 48, 72 and 96 h. The OD values measured at the five time-points in 
each group by the CCK-8 test are shown in Table I. At the same time-point, 
pairwise comparison in each group found that OE group was significantly 
lower than blank plasmid control, negative control and blank groups (all 
P<0.01), and the difference was not statistically significant among the latter 
three groups (P>0.05). Comparison among different time-points in the same 
group found that the proliferation curves of the four groups all showed an 
upward trend, and the OD values at 24 and 72 h were significantly higher than 
those at previous time-point in blank plasmid control, negative control and 
blank groups, and the OD values at 24 h were significantly higher than those 
at previous time-point in OE group (all P<0.01). *P<0.05, at the same time-
point, compared to blank plasmid control group, negative control group and 
blank group. #P<0.05, compared to previous time-point in the same group. 
OE group, overexpression group.
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110.93±4.33 and 112.86±6.66, respectively. The percentage 
of invasion was calculated as the mean number of invasion in 
blank group of 100%. As shown in Fig. 3, the number of invasion 
cells in OE group was significantly lower than that in blank 
plasmid control, negative control and blank groups, and there 
was no significant difference among the latter three groups. The 
experimental results were statistically significant (P<0.01).

Discussion

CRC is one of the ‘four killers’ that threaten human health (14). 
After the age of 50, the incidence of CRC rapidly increases. It 
generally undergoes precancerous lesions for several decades, 
so precancerous screening before the age of 50 can early detect 
and treat it, so as to reduce its mortality (15). Early radical 
surgery can greatly reduce the mortality of rectal cancer, but 
due to the particularity of the anatomical position of it, the 
operation is difficult to complete, and it is difficult to retain 
the anus and function after operation, bringing great incon-
venience to the patient's postoperative life (16). Runx3 that is 
downregulated in a variety of tumor tissues has been found 
to be closely related to the differentiation degree and clinical 
stage of rectal cancer (17,18). The study of the effect of Runx3 
on the cell proliferation, invasion and migration of CRC can 
help us to understand the antitumor effect and the manner of 

action of Runx3, and provide more theoretical basis for the 
clinical study and drug development of CRC cells.

In this study, the Runx3 gene expression in each group 
was detected by RT-qPCR and was significantly higher in 
OE group than that in blank plasmid control, negative control 
and blank groups, indicating that Runx3 overexpression 
vector successfully transfected into OE group of cells in this 
experiment. CCK-8 proliferation experiment found that at the 
same time-point, pairwise comparison in each group found 
that OE group was significantly lower than blank plasmid 
control, negative control and blank groups. Comparison 
among different time-points in the same group found that the 
proliferation curves of the four groups all showed an upward 
trend, suggesting that the Runx3 overexpression inhibited cell 
proliferation. Transwell invasion experiment revealed that the 
number of invasion cells in OE group was significantly lower 
than that in blank plasmid control, negative control and blank 
groups, indicating that the Runx3 overexpression inhibited 
the invasion of OE group. In a study of the effect of Runx3 on 
CRC metastasis and angiogenesis, Kim et al (19) found that 
compared to normal paracancerous colonic tissues, Runx3 
expression decreased in CRC tissues and was significantly 
associated with TNM stage. The Runx3 overexpression inhibits 
the migration and invasion of CRC cells due to high expression 
of matrix metalloproteinase-2 and -9, similar to the results of 
this study. Whether Runx3 also inhibits cell invasion by matrix 
metalloproteinase-2 and -9 in rectal cancer requires further 
validation. Wang et al (20) also found that miR-301a promoted 
the cell growth, migration and invasion of gastric cancer by 
downregulating the Runx3 expression. However, only one 
HRC-9698 rectal cancer cell strain was used in this study, and 
it does not truly represent the most natural occurrence and 
progression of rectal cancer. What is the Runx3 expression in 
normal rectal cancer cell strains? How does it function? Both 
need to be further validated with several cell lines.

At the same time, studies (8) have found that Runx3 not 
only has the ability to inhibit the invasion and metastasis of 
various cancer cells, but also has many other potential func-
tions and clinical effects. Bauer et al (21) found that the Runx3 
expression in leukocytes is the key to affect DMBA/TPA 
two-step method, thus inducing the occurrence of skin tumors. 
The loss of Runx3 in leukocytes significantly increased the 
content of antitumor cytokine thymic stromal lymphopoietin 
(TSLP), and significantly decreased the content of pro-tumor 
cytokine interleukin-17a and osteopontin. This unique combi-
nation of cytokines enabled the tumor microenvironment to 
be polarized to an effective antitumor state, which means that 
Runx3 expression facilitates inflammation-mediated tumor 
progression in skin tumors. It is contrary to this study and 
other literature reports that Runx3 has antitumor effect, which 
may be related to the biological function of TSLP. TSLP, a 
multifunctional IL-7-like cytokine, can act on lymphocytes, 
DC cells and tumor cells. On the one hand, TSLP plays an anti-
tumor role in colon, skin early breast and pancreatic cancers; 
on the other hand, it exerts tumor-promoting effects in gastric 
cancer, lung cancer, cervical cancer and acute lymphoblastic 
leukemia (22). In addition, Runx3 has an inhibitory effect on 
various tumors such as gastric, colon and breast cancers, but 
has a carcinogenic effect on basal cell carcinoma, head and 
neck cancer and ovarian cancer (23)

Table III. Comparison of number of invasion cells.

 Number of
Groups invasion cells  (%)

OE 38.63±9.33a-c 34.23a-c

Blank plasmid control 107.87±5.66 95.58
Negative control 110.93±4.33 98.23
Blank 112.86±6.66 100.00

aP<0.01, compared to blank plasmid control group; bP<0.01, com-
pared to negative control group; cP<0.01, compared to blank group. 
OE group, overexpression group.

Figure 3. Transwell invasion experiment. The number of invasion cells in 
OE group was significantly lower than that in blank plasmid control, nega-
tive control and blank groups, and there was no significant difference among 
the latter three groups. The experimental results were statistically signifi-
cant (P<0.01). aP<0.01, compared to blank plasmid control group; bP<0.01, 
compared to negative control group; cP<0.01, compared to blank group. OE 
group, overexpression group.
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In conclusion, overexpression of Runx3 gene in vitro 
inhibits the cell proliferation of rectal cancer and blocks the 
cell invasion and metastasis. This study provides a new idea 
and a new molecular therapeutic target for molecular targeted 
therapy of rectal cancer.
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