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Abstract. The aim of this study was to investigate how the 
overexpression of the hydatidiform mole-related gene F10 
affects apoptosis in human lung cancer A549 cells. A549 
cells were transfected with pEGFP-N1-F10 (A549-F10) or 
pEGFP-N1 empty vector (A549-empty). Untransfected A549, 
A549‑F10 or A549-empty cells were examined using the MTT 
cell proliferation assay and the TUNEL-FITC/Hoechst 33258 
apoptosis assay. Western blotting was used to examine the 
expression levels of the pro-apoptotic genes, BCL2‑associated 
X protein (BAX) and caspase-3. F10 was stably expressed in 
A549 cells. From 12 h, A549-F10 cells proliferated mark-
edly faster than the untransfected and A549-empty cells. 
F10 overexpression also significantly inhibited apoptosis, as 
shown by the reduced number of TUNEL and Hoechst 33258 
double‑positive cells. This inhibition was likely due to an 
F10-induced reduction in the BAX and caspase-3 levels. The 
results of this study indicate that F10 overexpression inhibits 
apoptosis in A549 cells through the downregulation of the 
pro-apoptotic genes BAX and caspase‑3. 

Introduction

We recently identified F10, the hydatidiform mole-related 
gene, using screening of suppression subtractive hybridization 
cDNA libraries of normal and hydatidiform villi (GenBank 
accession number, AB196290) (1). Previous studies have 
suggested that F10 is involved in the malignant transformation 
of hydatidiform moles, as well as the development of gyneco-
logical cancer (2,3). F10 is expressed at low levels in human 
lung cancer A549 cells. The gene promotes cell proliferation 

by upregulating proliferating cell nuclear antigen and cyclin 
D1 (4), suggesting that F10 plays a pro-proliferative role in 
accelerating cancer development. Since excessive proliferation 
and inhibited apoptosis are involved in cancer occurrence 
and development (5,6), this study aimed to examine whether 
F10 also exerts anti-apoptotic roles. We induced the overex-
pression of F10 in A549 cells, examined the apoptosis level 
and compared the expression of apoptosis-associated genes, 
including BCL2-associated X protein (BAX) and caspase-3.

Materials and methods

Cells and reagents. The human lung cancer cell line A549 
was maintained in RPMI-1640 medium with 10% fetal bovine 
serum in a 37˚C, 5% CO2 incubator. Mouse anti‑human BAX 
and mouse anti-human β-actin monoclonal antibodies were 
purchased from Boster Biological Technology, Ltd. (Wuhan, 
China). Mouse anti-human caspase-3 monoclonal antibody was 
obtained from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Rabbit anti-mouse secondary antibody was purchased 
from Dako Company (Glostrup, Denmark).

Transfection. F10 was inserted into the pEGFP-N1 vector 
(Takara Bio, Inc., Shiga, Japan) as an EcoRI-Kpn I fragment 
and the recombinant plasmid was confirmed by sequencing. 
The plasmid pEGFP-N1-F10 or pEGFP-N1 empty vector 
was transfected into A549 cells using lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). The single clones were 
selected with G418 (Sigma, St. Louis, MO, USA). The expres-
sion of F10 was confirmed by RT-PCR analysis following the 
manufacturer's instructions (Takara Bio, Inc.). The recom-
binant cell lines were named A549-F10 and A549-empty, 
respectively. 

MTT cell proliferation assay. Untransfected A549, A549‑F10 
and A549-empty cells were seeded at 1x104  cells/well in 
96-well plates in 200 µl of medium. The cells were cultured 
for 0.5, 1, 6, 12, 24 or 48 h (sextuplicate per time point) before 
20  µl of 5  mg/ml MTT (Sigma) was added to each well. 
Following a 4-h incubation, the cell supernatant was discarded 
and 150 µl/well of DMSO (Sigma) was added. After 5 min of 
mixing, the OD value at 490 nm was measured using a Bio-Tek 
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microplate reader (Bio-Rad, Hercules, CA, USA), then the 
tumor cell growth curve was drawn.

TUNEL-FITC/Hoechst 33258 apoptosis detection assay. 
Apoptosis was detected using the Annexin V-FITC Apoptosis 
Detection kit and the Hoechst Staining kit (KeyGEN 
Biotech., Nanjing, China). Untransfected A549, A549-F10 and 
A549‑empty cells were seeded on coverslips, washed three 
times in PBS for 5 min each, fixed in 4% formaldehyde for 
20 min and incubated in 70% ethanol at -20˚C for 30 min. 
The coverslips were washed a further 3 times and the cells 
were permeabilized. The permeabilization was performed in 
0.1% Triton X-100/0.1% sodium citrate at room temperature 
for 10 min. After three 5-min washes in PBS, the cells were 
incubated with 3% H2O2 at room temperature for 10 min. After 

another three 5-min washes in PBS, the cells were incubated 
with TdT enzyme at 37˚C for 90 min, which was protected 
from light. After two 2-min washes in PBS, the nuclei were 
stained with Hoechst 33258 at room temperature for 20 min in 
the dark. The cells were finally washed in the dark three times 
in PBS containing 0.5% Tween 20, 2 min each, and mounted 
in glycerol. Images were captured using a fluorescence micro-
scope (Nikon, Tokyo, Japan).

Western blot analysis. Lysates from untransfected A549, 
A549‑F10 and A549-empty cells were separated on gels, 
transferred to membranes, first stained with anti-BAX, 
anti-caspase-3 or anti-β-actin antibody, then stained with 
HRP-labeled secondary antibodies and developed with an 
ECL kit. The quantification was analysed using the SensiAnsys 
software (Shanghai Peiqing Science & Technology, Co., Ltd., 
Shanghai, China).

Statistical analysis. Data were analyzed using the SPSS 13.0 
software (SPSS, Inc., Chicago, IL, USA) and expressed as 
mean ± standard deviation. RT-PCR results were analyzed 
using the two-sample t-test. For the MTT cell proliferation 

Figure 1. Stable transfection of F10 in A549 cells. (A)  A549-F10 and 
A549‑empty cells under a fluorescence microscope (x200). (B) A549-F10 
cells stably expressed F10 mRNA. F10 mRNA expression was normalized to 
GAPDH mRNA expression.
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Figure 2. F10 transfection accelerates A549 proliferation. The MTT cell 
proliferation assay showed that starting from 12 h, A549-F10 cells prolifer-
ated markedly faster than A549-empty and untransfected A549 cells (n=6, 
P<0.05). No difference in proliferation was observed between A549-empty 
and untransfected A549 cells (P>0.05).

Figure 3. F10 transfection inhibits apoptosis in A549 cells. (A) Untransfected 
A549, A549-F10 and A549-empty cells were double-stained with 
TUNEL‑FITC and Hoechst 33258 and observed under a microscope. For each 
cell type, five fields were randomly selected at x200 magnification and the 
number of TUNEL-FITC (green) and Hoechst 33258 (blue) double-positive 
cells was counted. (B) There were markedly fewer apoptotic A549-F10 cells 
than untransfected A549 and A549-empty cells (P<0.001). No difference  
in the apoptotic level was observed between the untransfected A549 and 
A549-empty cells (P>0.05).
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assay, the factorial design analysis of variance (ANOVA) 
was used to compare inter-group differences. For the 
TUNEL‑FITC/Hoechst 33258 assay and western blot analysis, 
the results were analyzed by one-way ANOVA followed by 
Fisher's LSD post hoc tests if variance homogenenity was 
assumed, or by Welch and Dunnett T3 tests if homogeneity 
was not assumed. P<0.05 was considered to indicate a statisti-
cally significant result.

Results 

Stable transfection of F10 in A549 cells. A549 cells were 
transfected with pEGFP-N1-F10 or the pEGFP-N1 empty 
vector and selected for 4 weeks with G418. After another 
1-week culture, cells from the two groups were green under 
a microscope, showing that transfection efficiency was close 
to 100% (Fig. 1A). The expression of F10 was confirmed by 
RT-PCR (A549-F10 vs. A549-empty, t=-6.904, P=0.002) 
(Fig. 1B).

F10 transfection accelerates A549 proliferation. We compared 
proliferation among untransfected A549, A549-F10 and 
A549‑empty cells using the MTT assay (Fig. 2). The differ-
ence between the groups was significant (F=48.039, P=0.000). 
The effect of time and the correlation between group and 
time were significant (F=323.264, P=0.000 and F=11.442, 
P=0.000, respectively). There was no difference between the 
three groups at 0, 0.5 and 1 h. After 12 h, A549-F10 cells 
proliferated markedly faster than A549-empty and untrans-
fected A549 cells (P<0.05). No difference in proliferation was 
observed between the A549-empty and untransfected A549 
cells (P>0.05). 

F10 transfection inhibits apoptosis in A549 cells. To examine 
the effect of F10 overexpression on apoptosis, untransfected 
A549, A549-F10 and A549-empty cells were double-stained 
with TUNEL and Hoechst 33258 (Fig. 3). Apoptotic cells were 
TUNEL-positive and their nuclei exhibited strong Hoechst 
blue staining. By contrast, normal cells were TUNEL‑negative 
and showed weak blue nulcei Hoechst staining. TUNEL and 
Hoechst 33258 double-positive cells were counted and the 
number of double-positive (apoptotic) cells differed signifi-
cantly among the three cell lines (F=17.472, P=0.000). There 
were markedly fewer apoptotic A549-F10 cells than untrans-
fected A549 and A549‑empty cells (P<0.001), suggesting 
that F10 overexpression inhibits apoptosis in A549 cells. No 
difference in the apoptotic level was observed between the 
untransfected A549 cells and A549‑empty cells (P=0.816).

F10 transfection reduces BAX and caspase-3 protein 
levels in A549 cells. We next examined how F10 transfec-
tion affects the expression of pro-apoptotic genes, BAX 
and caspase-3 (Fig. 4). Our western blotting results showed 
significant difference among the three cell lines in the 
expression of BAX (Welch=45.966, P=0.008) and caspase-3 
(F=268.790, P=0.000). The Dunnett's T3 test demonstrated 
that A549‑F10 cells exhibited lower BAX protein expres-
sion than untransfected A549 cells and A549-empty cells 
(P<0.05). Similarly, the LSD test revealed that the caspase-3 
expression in A549‑F10 cells was markedly lower than that 

in untransfected A549 and A549-empty cells (P=0.000). No 
difference in the expression of BAX (P=0.833) or caspase-3 
(P=0.155) was observed between the untransfected A549 and 
A549-empty cells.

Discussion

F10 has been suggested to participate in the malignant trans-
formation of hydatidiform moles and the development of the 
gynecological cancer. Therefore, it is imperative to study the 
potential role of F10 to improve diagnosis and treatment of 
cancer. One promising strategy is to establish a cell system 
overexpressing F10. We previously screened F10 mRNA 
expression by RT-PCR in eight different cell lines (Bel7402, 
HIC, HepG2, PC, A549, MGC, 16HBE and 293 cells) (7). The 
human lung cancer cell line A549 was identified as expressing 
low levels of F10 and thus served as a model cell system for 
studies using F10 overexpression. In this study, we transfected 
A549 cells with pEGFP-N1-F10 plasmid stably and selected 
single positive clones using G418. F10 mRNA expression was 
confirmed by RT-PCR. 

Figure 4. F10 transfection reduces BAX and caspase-3 protein levels in A549 
cells. (A) Western blot showing BAX, caspase-3 and β-actin (loading control) 
staining for untransfected A549, A549-empty and A549‑F10 cells. Band 
signals from BAX and caspase-3 were normalized to those from β-actin. 
(B) A549-F10 cells showed lower BAX protein expression than untransfected 
A549 and A549-empty cells (P<0.05). No difference was observed between 
the untransfected A549 and A549-empty cells (P=0.833). (C) A549-F10 
cells showed lower caspase-3 protein expression than untransfected A549 
cells and A549-empty cells (P=0.000). No difference was observed between 
the untransfected A549 cells and A549-empty cells (P=0.155). BAX, 
BCL2‑associated X protein.
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The occurrence and development of cancer often involves 
two aspects: excessive proliferation and inhibited apop-
tosis (8). F10 has been shown previously to promote tumor cell 
proliferation (4). In our study this observation was confirmed 
by the MTT in vitro proliferation assay, which showed that 
from 12 h, A549 cells overexpressing F10 proliferated mark-
edly faster than untransfected cells or cells transfected with 
the empty expressing vector. We then examined whether F10 
also contributes to cancer development by inhibiting apoptosis. 
The TUNEL-FITC/Hoechst 33258 staining demonstrated that 
the level of apoptosis was significantly lower in F10 overex-
pressing cells.

Apoptosis, first identified in 1972 by Kerr and colleagues, 
is different from necrosis. It is an actively controlled cell 
suicide regulated by multiple genes and a series of signal 
transductions. Pro-apoptotic genes, including caspase-3 and 
BAX, play important roles in this progress. The caspase family 
participates in multiple apoptosis-associated physiological 
and pathological processes (9-11). caspase-3, a member of the 
caspase family, exerts its pro-apoptotic function through the 
death receptor (12) and mitochondrial-mediated pathways (13). 
caspase-3, as an apoptotic effector, may be used as an indicator 
of apoptosis: upregulation of caspase-3 expression indicates 
an increase in apoptosis, whereas downregulation indicates 
decrease  (14). BAX, a pivotal BCL-2 family member, is 
located in the cytoplasm under normal circumstances. During 
apoptosis, due to conformational changes, BAX is translo-
cated into the mitochondria to form homodimers, which target 
and open the mitochondrial intermembrane contact sites and 
subsequently release cytochrome C and apoptosis-inducing 
factors, which in turn promote protein hydrolysis and activate 
caspases, leading to apoptosis (15,16). 

To examine the potential mechanisms underlying the 
apoptosis inhibition role of F10, we further examined the 
levels of BAX and caspase-3 in the presence or absence of 
F10 overexpression. Western blot analysis demonstrated that 
F10 overexpression markedly decreases the expression of 
BAX and caspase-3 in A549 cells, suggesting that F10 inhibits 
apoptosis by targeting BAX and caspase-3. 

In conclusion, our study established a F10-overexpression 
model in the human lung cancer cell A549 and demonstrated 
that F10 overexpression promotes cell proliferation and inhibits 
apoptosis, probably through downregulating the pro‑apoptotic 
genes caspase-3 and BAX. Since apoptosis involves numerous 
participants and its mechanism may be different in different 
cell types, further studies are required to examine the mecha-
nism by which F10 reduces the levels of BAX and caspase-3 
and whether other molecules also contribute to the role of F10 
in cancer occurrence and development. 
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