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Abstract: Cervical cancer has been one of the leading causes of cancer-related deaths among women worldwide. 
However, few targeted drugs have been developed because of the poor understanding about the mechanisms of 
cervical cancer. A growing number of studies in recent years have shown that programmed cell death 4 (PDCD4), 
a new tumor suppressor, participates in the tumorigenesis and progression of various cancers. In this study, we 
investigated the influence of PDCD4 on cell migration, invasion, and apoptosis of cervical cancer cells. Siha cervical 
cancer cells were transfected with a recombinant lentivirus vector carrying the complete length of the PDCD4 gene 
and the normal controlled vector respectively and screened by puromycin. The expression of the mRNA and protein 
of PDCD4 were significantly elevated in Siha cells transfected with the recombinant vector carrying the PDCD4 gene. 
Then the overexpression of PDCD4 suppressed the cell migration and invasion in transwell migration and matrigel 
invasion assays respectively. Moreover, the overexpression of PDCD4 increased the proportion of cell apoptosis in 
flow cytometry analysis. In a multiple signal pathways assay, the upregulation of PDCD4 promoted the phosphory-
lation of some key proteins, such as p53 and STAT1. These results suggest that PDCD4 is a potential therapeutic 
target for cervical cancer. 
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Introduction

Cervical cancer is one of the most common 
cancers among women worldwide, and the 
majority of the women with the disease are 
diagnosed in the later stages and miss the best 
opportunities for treatment [1]. The effective 
cure rate of carcinoma in situ is nearly 100%, 
but that in stage IV is only about 10%. It is 
understood that the conventional treatments 
for cervical cancer, including surgery, radiother-
apy, and chemotherapy, generally end in failure 
due to metastasis and recurrence. Therefore, it 
is urgent to explore new, valuable therapeutic 
targets and to develop molecular targeted ther-
apies for cervical cancer.

Programmed Cell Death Factor 4 (PDCD4) is a 
tumor suppressor implicated in the develop-

ment of a broad spectrum of tumors and dif-
ferentially expressed proteins during tumor cell 
apoptosis [2]. A number of recent studies have 
shown that PDCD4 is widely expressed in nor-
mal human tissues and frequently downregu-
lated in various carcinomas, such as lung can-
cer [3], colorectal cancer [4], ovarian cancer [5], 
nasopharyngeal carcinoma [6], hepatocellular 
carcinoma [7], glioma [8], gastric cancer [9], 
and so on. A loss of PDCD4 has been correlated 
with a poor prognosis in patients who have can-
cer. PDCD4 has been reported to be involved in 
the modulation of the eukaryotic translation ini-
tiation factor eIF4A [10, 11], resulting in the 
inhibition of procaspase-3 and p53 translation 
in tumor cell lines [12, 13]. Besides, PDCD4 
inhibits downstream gene expression by sup-
pressing β-catenin/Tcf, mitogen-activated pro- 
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tein kinase kinase kinase kinase 1 (MAP4K1) 
and nuclear factor kappa B (NF-κB) [14-16].

Our previous study showed that the expression 
of PDCD4 in cervical cancer tissues is signifi-
cantly decreased and is associated with the 
progression of cervical cancer [17]. However, 
the effects of PDCD4 in cervical cancer remain 
unknown. Hence, in the present study, we 
investigated the influence and the underlying 
mechanisms of PDCD4 in cervical cancer cells, 
to explore the application potential of the target 
in cancer treatments.

Materials and methods

Cell culture 

Human cervical squamous carcinoma Siha 
cells were obtained from the Chinese Academic 
of Sciences (Shanghai, China), and cultured in a 
DMEM medium supplemented with 10% FBS, 
100 U/mL penicillin, and 100 μg/mL strepto-
mycin at 37°C in a humidified incubator con-
taining 5% CO2.

Lentiviral recombinant vector construction and 
cell transfection 

The PDCD4-expressing lentivirus vector (Lv-PD- 
CD4) and the negative universal control (Lv-
NC), containing the green fluorescent protein 
EGFP and a puromycin resistant gene were con-
structed by Shanghai Genechem Co., Ltd. 
(Shanghai, China). Before infection with the 
virus, the Siha cells were seeded onto a 6-well 
plate (1.0×105 cells/well) and allowed to grow 
to a 30% confluency. The lentivirus Lv-PDCD4 
and Lv-NC were then transfected into the cells 
with an enhanced infection solution (Shanghai 
Genechem Co., Ltd.) and polybrene (Sigma), 
The transfected Siha cells were selected with 
puromycin (3 μg/ml), and then the expression 
of the fluorescence protein EGFP was used to 
monitor the infection efficiency by fluorescence 
microscope after 72 h. The Lv-PDCD4 positive 
cells were designated as SihaPDCD4, and the 
Lv-NC cells were designated as SihaNC.

RNA extraction and RT-PCR

Total RNA was extracted from the Siha cells 
using TRIzol reagent (Takara) according to the 
manufacturer’s protocol. The RNA concentra-
tion and purity (OD260/OD280) were assessed by 

a Nanodrop 2000TM spectrophotometer (Ther- 
mo Scientific, USA). First strand cDNA synthesis 
was generated from 1 μg of total RNA according 
to the PrimeScript RT reagent kit’s instructions 
(Takara, Japan). The target and reference genes 
(GAPDH) were quantified in triplicate using the 
Light-Cycler® 480 II Real-Time PCR System 
(Roche, Applied Science). The following primers 
were employed in each reaction: GAPDH, for-
ward 5’-GCA CCG TCA AGG CTG AGA AC-3’ and 
reverse 5’-TGG TGA AGA CGC CAG TGG A-3’; 
PDCD4, forward 5’-TGG ATG TCC CAC ATT CAT 
ACT CTG-3’ and reverse 5’-TCT GGT TTA AGA 
CGA CCT CCA TCT-3’. Following normalization to 
the GAPDH gene, the expression levels of each 
target gene were calculated using the compara-
tive threshold cycle (CT) method. The Δct val-
ues were calculated according to the formula 
Δct = ct (gene of interest) - ct (GAPDH) in the 
correlation analysis, and 2ΔΔct was calculated 
according to the formula ΔΔct = Δct (control 
group) - Δct (experimental group) for the deter-
mination of relative expression.

Western blotting analysis

Total proteins were extracted from Siha cells 
according to the manufacturer’s protocol of 
KeyGEN Whole Cell Lysis Assay kit (KeyGEN 
BioTECH, China) and used for the Western blot 
analysis. Equal amounts of protein samples 
were loaded per well and separated by SDS-
PAGE and then transferred onto PVDF mem-
branes (EMD Millipore, USA) as described previ-
ously [18]. After blocking, the membranes were 
probed using an anti-PDCD4 mAb (1:1000 dilu-
tion, Abcam) overnight at 4°C, and the GAPDH 
mAb (1:1000; Santa Cruz) was used as an inter-
nal loading control. Thereafter, membranes 
were incubated with HRP-conjugated second-
ary antibodies (1:5000 dilution, Santa Cruz) for 
1 h at room temperature. Samples running in 
the same gel were compared. The specific 
immune complexes were detected by ECL 
enhanced chemiluminescence substrate (Fdbio 
Science, China) and the images were captured 
with the Kodak In-Vivo Imaging System F 
(Kodak, USA).

Transwell migration and matrigel invasion as-
says

Transwell migration and matrigel invasion 
assays were performed using a transwell mem-
brane (Corning, USA) in a 24-well plate accord-
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ing to the manufacturer’s instructions. The 
polycarbonate filters (8 μm pore size, Corning) 
were pre-coated with Matrigel matrix (BD, USA) 
for the transwell invasion assay, and uncoated 
filters were used for the migration assay. 
SihaPDCD4 or SihaNC cells were adjusted at a den-
sity of 5×105 cells/ml with serum-free DMEM 
and then a 100 μl cell suspension was added 
into the upper chamber, while a 600 μl com-
plete medium containing 30% FBS was added 
to the lower chamber. After incubation of 24 h 
for the migration assay and 48 h for the inva-
sion assay, the cells migrated through the 
Matrigel and adhered onto the lower chamber 
were then fixed in 4% paraformaldehyde for 20 
min, stained with crystal violet and counted 
under an upright microscope (Olympus, Japan) 
for five fields per chamber.

Apoptosis assay

The Siha cells growing in the exponential phase 
were trypsinized, and then they underwent cen-
trifugation at 1300 rpm for 5 min and then 
washed with PBS twice. The cells were collect-
ed and then suspended in a binding buffer, fol-
lowed by Annexin V-APC staining for 15 min. 
The samples were analyzed by a LSRFortessaTM 

flow cytometer (BD, USA).

Signaling array 

The Siha cell lysate was probed with 17 validat-
ed antibody cocktails of the MAPK signaling 
pathway specific antibodies, including antibod-
ies against ERK1/2, Stat1, Stat3, Akt, AMPKα, 
S6 Ribosomal Protein, mTOR, HSP27, Bad, p70 

S6 Kinase, PRAS40, p53, p38, SAPK/JNK, 
PARP, Caspase-3 and GSK-3β, and then they 
were analyzed using with the PathScan 
Intracellular Signaling Array Kit. The antibodies 
were specific to the intracellular signaling mol-
ecules. In brief, the array blocking buffer was 
added into each well followed by incubation for 
15 min at room temperature. Subsequently, 
cell lysates were added into each well and incu-
bated for 2 h. After washing, each antibody was 
loaded in a separate well for 1 h, followed by 
HRP-linked streptavidin for 30 min. Specific 
immune complexes were detected using CLINX 
Chemiscope 5300 (Shanghai, China).

Statistical analysis

The results were expressed as the mean ± 
standard deviation (SD) of the three indepen-
dent experiments unless otherwise specified. 
Data were analyzed by a two-tailed unpaired 
Student’s t-test between any two groups and 
were analyzed using SPSS Statistics 13.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered as statistically significant.

Results

Transfection of the recombinant lentiviral 
vector carrying the PDCD4 gene upregulated 
PDCD4 expression in Siha cells

Considering the low PDCD4 level in cervical 
cancer, the influence of PDCD4 overexpression 
was determined in Siha cervical cancer cells. 
Hence, we constructed the recombinant lentivi-
ral vector carrying the PDCD4 gene (Lv-PDCD4) 

Figure 1. Determination of PDCD4 expression in Siha cells transfected with a recombinant lentiviral vector carrying 
the PDCD4 gene. Representative images of Siha cells transfected with the Lv-NC vector or the Lv-PDCD4 vector are 
shown at a ×100 magnification respectively (A). The mRNA and protein levels of PDCD4 in Siha cells were detected 
by RT-PCR (B) and Western blotting assays (C), P<0.05.
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and the normal controlled lentiviral vector (Lv-
NC). After viral infection and screening by puro-
mycin, the expression of the fluorescence pro-
tein EGFP under fluorescence microscopy was 
observed (Figure 1A), and we found that the 
infection efficiencies of Lv-PDCD4 and Lv-NC in 
Siha cells were more than 90%, indicating the 
infection effectiveness of the two lentiviral vec-
tors in the Siha cells. Moreover, RT-PCR (Figure 
1B) and Western blot assays (Figure 1C) con-
firmed that the level of PDCD4 in the SihaPDCD4 
cells was significantly upregulated compared to 
the level in the SihaNC cells. These results dem-
onstrated that the two lentiviral vectors and the 
two corresponding cells could be used in the 
following functional experiments.

Overexpression of PDCD4 inhibited cell migra-
tion and invasion in Siha cells

PDCD4 is associated with the suppression of 
the migration and invasion of various tumor 
cells [15, 19, 20]. Our previous work also 
revealed that PDCD4 has a negative correlation 
with lymph node metastasis [17]. Thus, we fur-
ther investigated the impact of PDCD4 on the 
tumor migration and invasion ability of Siha 
cells. A transwell migration assays showed that 

the number of migrated SihaPDCD4 cells was dra-
matically decreased compared to the number 
of SihaNC cells in the same cultural conditions (P 
= 0.01, Figure 2A and 2B). Similarly, transwell 
and matrigel invasion assays showed that the 
transferred SihaPDCD4 cells showed a more 
remarkable decrease than the SihaNC cells (P = 
0.041, Figure 2C and 2D). These data indicated 
that the overexpression of PDCD4 markedly 
inhibited the migration and invasive ability of 
Siha cells.

Overexpression of PDCD4 promoted cell apop-
tosis in Siha cells

AnnexinV-APC staining showed that PDCD4 trig-
gered a significantly higher proportion of Siha 
cell apoptosis than the negative control (5.77% 
vs 4.23%, P = 0.02, Figure 3A and 3B), indicat-
ing the promotion of cell apoptosis by PDCD4 in 
Siha cells.

Overexpression of PDCD4 activated MAPK 
signaling pathways in Siha cells

The phosphorylation of key proteins in the sig-
naling pathways was involved in the basic cel-
lular functions, including cell apoptosis, migra-

Figure 2. The influence of PDCD4 overexpression on cell migration and invasion. Siha cells infected with Lv-NC or 
Lv-PDCD4 were harvested to perform the migration assays (A, B) and the invasion assay (C, D). Cells migrated into 
the lower chamber (A) or invaded through the matrigel into the underside of the filter (C) were fixed, stained, and 
photographed at 200× magnification. The numbers of migrated (B) and invaded cells (D) were recorded. Data rep-
resent the average of three independent experiments. *P<0.05 compared with negative control.
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tion and invasion. To further explore the 
mechanism of PDCD4 in Siha cell apoptosis 
and the suppression of Siha cell motility, we 
detected the phosphorylation levels of key pro-
teins that are correlated with multiple diseases 
between SihaPDCD4 and SihaNC cells by signaling 

JNK/MAPK, p38/MAPK, STAT1, and p53 path-
ways (Figure 4A). Although the total protein lev-
els of p53 and STAT1 showed no significant dif-
ferences, the phosphorylation levels were 
markedly upregulated after infection with 
Lv-PDCD4 (Figure 4B). 

Figure 4. Signaling array of phosphorylation of key proteins in signaling path-
ways. Intracellular signaling array of Siha cells were conducted after Lv-NC 
or Lv-PDCD4 infection (A). PDCD4 induces rapid p53 and STAT1 phosphory-
lation and then the expression of p-p53, p53, p-STAT1 and STAT1 was ana-
lyzed by Western blotting (B).

array assays. The results 
revealed that almost all the 
key proteins’ phosphorylation 
levels in Siha cells were upreg-
ulated after infection with 
Lv-PDCD4 (Figure 4A). The 
phosphorylation levels of Akt, 
mTOR, S6 Ribosomal Protein, 
PRAS40 and GSK-3β were 
increased by 1.52, 1.35, 1.41, 
1.85, and 1.32 folds res- 
pectively, demonstrating th- 
at Akt/mTOR pathway was 
activated in SihaPDCD4 cells. 
Moreover, the phosphoryla-
tion levels of AMPKα, JNK, 
p38, STAT1 and p53 were also 
slightly increased, indicating 
that PDCD4 could promote 
the activation of the AMPKα, 

Figure 3. The influence of PDCD4 over-
expression on cell apoptosis. SihaPDCD4 
cells and SihaNC cells were stained 
with Annexin V-APC and analyzed by 
FCM (A). The average percentage of 
apoptotic cells was further calculated 
(B). *P<0.05 compared with negative 
control.
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Discussion

To explore the effects of PDCD4 in cervical can-
cer cells, we first constructed PDCD4 overex-
pression (Lv-PDCD4) and PDCD4 negative con-
trol (Lv-NC) lentiviral vectors, which were then 
proved to have high infection efficiency (Figure 
1A-C). The recombination vector Lv-PDCD4 sig-
nificantly elevated PDCD4 expression in Siha 
cells. Our previous work revealed that low 
PDCD4 expression was closely correlated with 
the lymph node metastasis of cervical cancer 
[17]. It was reported that PDCD4 could directly 
interact with Twist1, which is a key transcription 
factor during the EMT transformation process 
of various tumor cells [21]. In accordance with 
this, we found that the overexpression of 
PDCD4 significantly suppressed the migration 
and invasion of Siha cells. Furthermore, PDCD4 
overexpression has been proven to induce the 
apoptosis of tumor cells [22]. Our study data 
showed that the overexpression of PDCD4 
could promote Siha cell apoptosis. Thus, our 
results revealed that low PDCD4 expression in 
cervical cancer might in turn be attributed to 
cell migration, cell invasion, and anti-apoptosis, 
indicating PDCD4 as a potential new diagnostic 
and therapeutic target for cervical cancer. 

The molecular mechanisms of PDCD4 underly-
ing the regulatory functions of cervical cancer 
cells remain unclear, and hence should be fur-
ther investigated. A signaling array assay 
showed that the phosphorylation levels of Akt, 
mTOR, S6 Ribosomal Protein, PRAS40, and 
GSK-3β were increased, demonstrating that 
the Akt/mTOR pathway was activated in 
SihaPDCD4 cells. In addition, the phosphorylation 
levels of AMPKα, JNK, p38, STAT1, and p53 
were also elevated, indicating that PDCD4 
could promote the activation of the AMPKα, 
JNK/MAPK, p38/MAPK, STAT1, and p53 path-
ways (Figure 4A). In other words, the PI3K/Akt/
mTOR signaling pathway, p38, and JNK were 
related to cell migration and invasion in some 
cancers, making us confused [23-25]. The 
effects of PI3K/Akt/mTOR signaling, p38 and 
JNK in the suppression of cervical cancer cell 
migration and invasion by PDCD4 should be 
investigated in future studies. It was reported 
that the activated STAT1 pathway downregulat-
ed the expression levels of bFGF, MMP-2, 
MMP-9 and VEGF to inhibit tumor metastasis 
[26]. Previous studies reported that PDCD4 

deficiency facilitated the IL-6/STAT3 pathway in 
mice and promoted colorectal cancer develop-
ment [27, 28]. Phosphorylation levels of STAT1 
in Western blotting and the activation of the 
STAT1 pathway in the signaling array assay indi-
cated that PDCD4 might have inhibited cell 
migration and invasion through the activation 
of STAT1 signaling.

As a tumor suppressor protein, p53 upregula-
tion could trigger the apoptosis of various can-
cer cells. Our previous study also revealed that 
the expression level of PDCD4 was significantly 
associated with p53 status in cervical cancer 
[17]. The activated STAT1 pathway could upreg-
ulate the expression of Caspase 1 and Caspase 
11 to induce cell apoptosis [29]. Considering 
the enhanced phosphorylation of p53 and 
STAT1 in Western blotting and the activation of 
the STAT1 pathway in the signaling array assay, 
we deduced that PDCD4 might induce the 
apoptosis of Siha cells through p53 and STAT1 
signaling.

In summary, our results demonstrated that 
PDCD4 is closely associated with cell migra-
tion, cell invasion and cell apoptosis in cervical 
cancer cells through the STAT1 and p53 path-
ways. In vivo and in vitro studies exploring the 
roles and mechanisms of PDCD4 should be 
conducted to assess these potential molecular 
targets for cervical cancer treatment.
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