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Abstract. RUNX3 serves an important role in development 
of various types of human cancer. The purpose of the present 
study was to investigate the potential biological function 
of RUNX3 in cervical cancer cells. In the present study, a 
RUNX3 overexpressed model was constructed in Hec1 cells 
by PCDNA3.1-RUNX3 transfection. Western blot analysis 
was used to measure RUNX3 expression in cervical cancer 
cells. Immunofluorescence analysis was performed to examine 
subcellular localization of RUNX3 in cervical cancer cells. 
Effects of RUNX3 expression on proliferation, migration 
and invasion of cervical cancer cells were detected by colony 
formation assay, wound healing assay and Transwell assay, 
respectively. Immunofluorescence confirmed the nuclear 
location of RUNX3 in cervical cancer cell. Result sindicated 
that upregulation of RUNX3 expression inhibited prolifera-
tion, migration and invasion of cervical cancer cells. However, 
knockdown of RUNX3 expression promoted the prolifera-
tion, migration and invasion of cervical cancer cells. Hence, 
RUNX3 may serve as a tumor suppressor gene in cervical 
cancer.

Introduction

Cervical cancer is one of the most common malignancies in 
women. The incidence is second only to that of breast cancer, 
which also poses a serious threat to women's health (1). In 
recent years, one study found that the continuous upgrading 
of screening methods and the popularity of the human papil-
lomavirus vaccine had caused the incidence of both cervical 

cancer cases and mortality to decline. Due to the uneven 
distribution of resources, the incidence is still rising in devel-
oping countries, and the trend may affect younger patients (2). 
As molecular biology research becomes more sophisticated, 
more and more genes have been found to be involved in the 
development of cervical cancer. Finding new molecular targets 
for the prevention and treatment of cervical cancer could have 
far-reaching implications.

The RUNX3 tumor suppressor gene was discovered a 
few years ago. With RUNX1 and RUNX2, it makes up the 
transcription factor RUNX family (3). RUNX1 is associated 
with hematopoietic function (4), and RUNX2 is an important 
bone formation regulator (5). RUNX3 is located on chromo-
some 1p36.1 and contains a p1 promoter and p2 promoter (6). 
Alkaline phosphatase (ALP), a marker of BMP9-induced late 
osteogenic differentiation was enhanced by the overexpression 
of RUNX3, whereas it was inhibited by the knockdown of 
RUNX3 (7). It was first reported to be a tumor suppressor gene 
in gastric epithelial cells (8), and it was also reported to absent 
or mutated in a variety of cancers for hemizygous deletions (9), 
protein mislocalization, epigenetic alterations (10), and histone 
modifications (11). Suzuki et al (12), initially described the 
DNA promoter of RUNX3 hypermethylation as a charac-
teristic of breast cancer. Paradoxically, with the discoveries 
reported by Nevadunsky et al (13) and Lee et al (14), found that 
RUNX3 took on a growth-stimulating role, which was highly 
active in ovarian cancer cells, likewise, it even played an onco-
genic role in basal cell carcinoma, head and neck squamous 
cell carcinoma (15,16). Moreover, reports have found that 
RUNX3 inactivation can be correlated with advanced tumor 
stage and negative prognosis (17), and acts as a crucial early 
step in the development of tumors (18,19). To date, our purpose 
is to preliminarily explore the expression and the biological 
behavior of RUNX3 in cervical cancer.

Materials and methods

Cell culture and reagents. RUNX3 antibody were bought 
from Santa Cruz Biotechnology (sc-376543; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA). Hce1 and Hela cells, 
were obtained from Xiangya Medical College Cancer Institute. 
The cells were cultured in DMEM high glucose medium 
containing 10% fetal bovine serum (FBS) and penicillin/strep-
tomycin (50 U/ml) at 37˚C in 5% CO2. The HCE cell line is 
misidentified according to: http://iclac.org/wp-content/uploads/ 
Cross-Contaminations-v8_0.pdf. The cells of HCE1 in our 
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study names Hunan cervical epithelial cell line no. 1 (HCE1) 
was established by Chinese researchers in 2000 and have no 
possibility of being contaminated by Hela cells.

Construction of plasmids and transfection. RUNX3 mRNA 
sequences were picked from Genebank to design primers. 
Then PCR amplification was performed and the PCR product 
was subjected to 1% agarose gel electrophoresis and the 
RUNX3-band was recovered. The recovered RUNX3 fragment 
and vector PCDNA3.1 were digested with HindIII and XhoI, 
and the gel was recovered by electrophoresis, then ligated with 
T4 DNA ligase overnight at 4˚C. At last, the ligation product 
was transformed into DH5a. After the single clones were 
picked, the extracted plasmids were identified and sequenced 
by double digestion. Then Hce1 cells were transfected with 
PCDNA3.1-RUNX3 by Lipofectamine-2000. The cells with 
RUNX3 overexpression were named as ‘Hce1-RUNX3 cells’ 
in this manuscript.

RNA interference. Homo sapiens RUNX3 mRNA sequence 
(GenBank accession no. NM_001031680.2) was used to design 
RUNX3 siRNA (Guangzhou Ruibo Biological Technology 
Co.,Ltd., Guangzhou, China). The following base pairs of siRNA 
were used for RUNX3: siRNA 646, (sense) 5'-CCA TCA CTG 
TGT TCA CCA ATT-3'and (antisense) 3'-TTG GTG AAC ACA GTG 
ATG GTT-5'; siRNA 895, (sense) 5'-CCT CGG AAC TGA ACC 
CAT TTT-3' and (antisense) 5'-AAT GGG TTC AGT TCC GAG GT 
T‑3'; 100 nM in final concentration; 24 h after transfection, cells 
were harvested and used for experiments. Lipofectamine 2000 
was used for siRNA transfections. HeLa cells were transfected 
with siRNA by Lipofectamine-2000. The cells with RUNX3 
siRNA were named as ‘HeLa-SiRUNX3 cells’ in this manuscript.

Western blot analysis. Whole cell lysates containing 30 µg 
of total cellular proteins were analyzed by western blot. The 
antibodies used include RUNX3 antibody (1:400) and goat 
anti-mouse HRP labeled antibody, which were purchased 
from Santa Cruz Biotechnology, Inc.; GAPDH antibody 
(1:4,000) was purchased from Hangzhou Sanjian Company. 
We analyzed the molecular weight and grayscale values of the 
target bands with the Gelpro 32 analysis software processing 
system and calculated the RUNX3/GAPDH ratio.

Immunofluorescence. The cells were fixed in 2.5% parafor-
maldehyde for 30 min at room temperature and then permeated 
with 0.2% Triton-X for 15 min. Subsequently, the cells were 
blocked with 3% BSA/PBS for 30 min and incubated overnight 
at 4˚C with RUNX3. After washing, the cells were incubated 
with secondary anti-mouse IgG at room temperature for 1 h. 
Nuclei of cells were stained with 1 µg/ml of RUNX3, DAPI, 
and Merger.

Wound healing experiment. Hce-1 cells were overexpressed 
with RUNX3 and Hela cells were transfected into 24-well 
plates with siRUNX3. After the cells were cultured and grown 
to 100% confluence, they were scratched with a 10 µl pipette 
tip (time 0), washed with PBS to remove isolated cells, and 
incubated with complete growth medium. The cells migrated 
to the injured area and were photographed after 48 h with an 
inverted microscope.

Transwell assay. Hce-1 cells were overexpressed with RUNX3 
and Hela cells were transfected with SiRUNX3, respectively. 
The polycarbonate film was coated with 1 mg/ml matrigel 
gum (dissolved in serum-free DMEM medium) and incubated 
at 37˚C for 1 h. Homogeneous cells (2.0x104) suspended in 
100 µl of complete medium were inoculated in the upper 
chamber of the transwell unit, 700 µl of a high-sugar medium 
containing 10% FBS was added to the lower chamber as a 
chemical attractant. These were allowed to invade for 48 h at 
37˚C in a CO2 incubator. Then the cells above the membrane 
were removed and the cells migrating through the membrane 
to the lower chamber were fixed with 75% ethanol and stained 
with 0.5% crystal violet.

Colony formation experiment. After 24 h of transfection, 
the cells were seeded at a density of 300/ml in 6-well plates. 
Colonies were allowed to grow for 2 weeks. The culture 
medium was discarded and washed twice with PBS. Then 
the cells were fixed in methanol for 15 min and stained with 
Giemsa solution for 20 min. Lastly, the clones (more than 
10 cells) were counted under a microscope.

Statistical analysis. All statistical analyses were done 
using SPSS 17.0 for windows. The data are presented as the 
mean ± SD. The statistical significance of differences was 
determined by Student's two-tailed t-test for two groups, and 
one-way ANOVA followed by Student Newman Keuls post 
hoc test for multiple groups. P-values of <0.05 were considered 
to indicate a statistically significant difference. All the cell 
experiments were repeated at least three times.

Results

Expression of RUNX3 in cervical cancer cell lines. The effi-
ciency of exogenous RUNX3 expression and RUNX3 siRNA 
in cervical cancer cells was verified by western blot analysis. 
As shown in picture 1, the protein of forced RUNX3 expres-
sion was markedly higher than in controls. However, the vector 
group (NC) and untreated group (UT) exhibited few differ-
ences (P>0.05; Fig. 1A). The ratios of RUNX3/GAPDH were 
13.1±1.2, 1.4±0.2, and 0.4±0.1 (P<0.05; Fig. 1B). RUNX3 gene 
was successfully knocked down by si895 in Hela cells (Fig. 1C) 
and the ratio of RUNX3/GAPDH was 0.3±0.1, which was mark-
edly lower than in Hela-UT (1.4±0.2) group (P<0.05; Fig. 1D).

Subcellular location of RUNX3 in cervical cancer cells. 
We next examined the subcellular localization of RUNX3 
in cervical cells using immunofluorescence. As shown in 
Fig. 2A and B, RUNX3 clearly demonstrated a strong nuclear 
localization in Hce1-RUNX3 cells and Hela-UT cells, but in 
other groups, the expression levels of RUNX3 were visibly 
decreased.

Roles of RUNX3 in migration and invasion of cervical cancer 
cells. To establish the biological roles of RUNX3 in cervical 
cancer cells, wound healing assay was carried out to assess cell 
migration and Transwell assay was set up to investigate effects 
of RUNX3 on cell invasion. As shown in Fig. 3, Hce1-RUNX3 
cells migrated a shorter distance (2.2±0.7) than in the 
Hce1-UT (4.2±1.4) and Hce1-NC groups (3.7±0.3) (P<0.05; 
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Fig. 3 A and B). Conversely, Hela-SiRUNX3 cells migrated 
a longer distance (5.1±0.6) than in the Hela-UT (2.7±0.3) and 
Hela-NC groups (2.6±0.6) (P<0.05; Fig. 3C and D).

Hce1-RUNX3 cells still showed much lower penetration 
ability (153±9) through the matrigel-coated membrane than in 
the Hce1-UT (340±14) and Hce1-NC groups (304±12) (P<0.05). 
However, compared with the Hela-UT (121±6) and Hela-NC 
groups (130±8), the invasion ability of Hela-SiRUNX3 cell 
was enhanced (155±9) (P<0.05; Fig. 4A-D). All of these results 
collectively suggested that RUNX3 overexpression inhibited 
cervical cancer cell migration and invasion. However, inhibi-
tion of RUNX3 expression promoted migration and invasion 
of cervical cancer cells.

Role of RUNX3 expression in colony formation. The role 
of RUNX3 as a tumor suppressor gene was assessed by a 
test of colony formation assay. Hce1-RUNX3 cells formed 
318±18 colonies, while the Hce1-UT and Hce1-NC groups 
formed 433±16 and 460±21 colonies, respectively (P<0.05; 
Fig. 5A and B). Conversely, Hela-SiRUNX3 cells had 509±19 
colonies, indicating dramatically greater colony forming ability 
than the Hela-UT and Hela-NC groups, which formed 402±14 
and 267±12 colonies respectively (P<0.05; Fig. 5C and D). 
In this way, these results suggest that stable forced RUNX3 
expression can inhibit the ability of cervical cancer cells to 
form colonies, and silencing RUNX3 expression was found to 
enhance colony formation by Hela cells.

Figure 2. Immunofluorescence analysis of RUNX3 in cervical cancer cells. (A) Immunofluorescence analysis of exogenous infected RUNX3 in Hce1 cell with 
anti-RUNX3 antibody, nuclei were visualized by staining with DAPI. Hce1-UT and Hce1-NC groups were used as control groups for nuclear RUNX3 staining. 
(B) Immunofluorescence analysis of RUNX3 expression in HeLa‑SiRUNX3, HeLa‑UT and HeLa‑NC groups. Original magnification, x200. UT, untreated; 
NC, negative control.

Figure 1. The examination of RUNX3 expression by western blot analysis in cervical cells. (A) Western blot analysis of RUNX3 protein in exogenous infected 
Hce1 cells. (B) The ratio of RUNX3 expression to GAPDH in exogenous transfected Hce1 cell. *P<0.05. (C) RUNX3 knockdown efficiency of various siRNA 
were detected by western blot in Hela cell. (D) The ratio of RUNX3 expression to GAPDH in Hela cell. GAPDH was used as loading control.
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Discussion

The HCE cell line is misidentified according to: http: //iclac. 
org/wp -content/uploads/Cross-Contaminations-v8_0.pdf, 
but the cell of HCE1 we used in our study names Hunan 
cervical epithelial cell line no. 1 (HCE1) was established 
from 5 carcinoma specimens of hysterectomy by Chinese 
researchers in 2000, which has been passaged more than 
80 times, obviously different with HCE cell line mentioned 
in the data which reported in 1981 (20). Hence, the HCE1 
cells in our study definitely not consistant with what the 
data mentioned. During the experiment, we strictly adhere 
to the rules of cell culture, the morphology and growth 

characteristics are quite difference between HCE1 and Hela 
cells. HCE1 cells have no possibility of being contaminated 
by Hela cells.

So far, only a few reports have addressed the biological 
behavior of RUNX3 in tumorigenesis of cervical cancer. The 
mechanisms by which RUNX3 acts in cervical cancer have 
not been reported. Transcription factor of RUNX3, which is 
a downstream effector of TGF-β, acts on the TGF-β receptor 
type II (21) or the downstream protein SMADs, and then 
promotes the proliferation, apoptosis, angiogenesis, and 
invasion of tumor cells through TGF-β signal transduction 
pathway (22-24), which might explain its wide involvement in 
tumorigenesis, including that of cervical cancer.

Figure 4. The effects of RUNX3 expression on cell invasion. (A and B) Hce1-RUNX3 cells showed less invasive ability than Hce1-UT and Hce1-NC groups. 
Original magnification, x200. (C and D) HeLa‑SiRUNX3 cells performed stronger invasive ability than HeLa‑UT and HeLa‑NC groups. Original magnifica-
tion, x200. *P<0.05. UT, untreated; NC, negative control.

Figure 3. Migration of the cells to the wound was visualized at 0 and 48 h. The distance between the edges of the scratches were measured after 48 h. (A) The 
migration state of forced RUNX3 cell at 0 and 48 h. Original magnification, x100. (B) Would healing assay showed the migration distance of forced RUNX3 
cell after 48 h was much shorter than Hce1‑UT and Hce1‑NC groups. (C) The migration state of HeLa‑SiRUNX3 cells at 0 and 48 h. Original magnification, 
x100. (D) The migration distance of HeLa-SiRUNX3 cells obviously longer than HeLa-UT and HeLa-NC group after 48 h. *P<0.05. UT, untreated; NC, 
negative control.
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In the present study, the recombination plasmid of 
PCDNA3.1- RUNX3 was constructed and successfully 
transfected into Hce1 cells. The expressive efficiency of 
RUNX3 in Hce1-RUNX3 cells and Hela-SiRUNX3 cells 
were examined by western blot which showed significantly 
increases in Hce1-RUNX3 cells and markedly decreased in 
Hela-SiRUNX3 cells. Our results demonstrated that high levels 
of RUNX3 expression could effectively inhibit the migration 
and invasion of cervical cancer cells, compared with control 
group in Hce1 cells. However, down-regulation of RUNX3 
expression promoted migration and invasion by Hela cells. 
Moreover, colony formation numbers of cervical cancer cells 
decreased dramatically after transfection with RUNX3. In this 
way, our study showed that RUNX3 might play an important 
role in inhibiting the proliferation, migration, and invasion of 
cervical cancer cells.

Collectively, these results show that RUNX3 plays signifi-
cant roles in the development of cervical cancer, and it might 

be a promising strategy for cervical cancer therapy. Further 
study of the underlying mechanisms and signaling pathways 
of RUNX3 in cervical cancer may help improve the prognosis 
of patients with cervical cancer.
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