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Abstract: Epithelial-mesenchymal transition (EMT) plays an important role in cancer invasion and metastasis by 
enabling cancer cells to depart from the primary tumor, invade surrounding tissue and disseminate to distant or-
gans. The existence and function of EMT in cervical cancer is poorly understood. Placental growth factor (PLGF) has 
been shown to associate with EMT in various cancers. However, whether PLGF is involved in EMT in cervical cancer 
remains unclear. Thus the present study examined the relationship between PLGF expression and EMT-related pro-
teins in 110 cervical lesions samples. We detected that PLGF was expressed in 61.8% cervical lesion sections. In 
addition, PLGF expression is positively correlated with low expression level of E-cadherin and high expression level 
of vimentin. Serum samples and cervical lavage samples were collected from patients with pre-invasive and invasive 
lesion of uterine cervix or normal control group, the PLGF levels were determined by enzyme-linked immunosorbent 
assay (ELISA). We found that a significantly high level of PLGF could be detected both in serum and vaginal lavage 
compared with normal women group, and there is no significant difference between serum and lavage in PLGF 
level. In addition, whatever in lavage or in serum, the PLGF level in stage I and II was significantly higher than it in 
CINIII or cancer in situ. However, there is no significant difference between the stage I and stage II; we also found 
that exogenous PLGF promotes molecular changes of epithelial-mesenchymal transition (EMT) in siha cells. In ad-
dition, application of a specific EKR1/2 inhibitor could reverse the effects of PLGF. These findings suggested that 
PLGF could regulate the expression of EMT-related proteins and promote migration of siha cells through ERK/MAPK 
signaling pathway. Therapies that targets PLGF/Flt-1/ERK/MAPK signaling pathway may be beneficial in treatment 
of cervical cancer.
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Introduction

Cervical cancer is the leading cause of death 
among women in developing world and is the 
fourth most common cancer among women 
worldwide [1], with an estimated 528,000 new 
cases and 266,000 deaths in 2012 [1]. Over 
85% of cases occur in less developed regions, 
where cervical cancer accounts for almost 12% 
of female cancers and stands out as a major 
cause of cancer-related deaths. In China, more 
than 60,000 women are diagnosed with cervi-
cal cancer contributing to about 30,000 deaths 
every year [1]. It is widely accepted that high-
risk human papillomavirus (hr-HPV) serves as 
the main factor in cervical cancer [2]. Although 
two prophylactic HPV vaccines have been 

developed [2, 3], However, these two vaccines 
have limited protection for women who have 
infected with high-risk HPV and in addition are 
out of reach of the majority of women in devel-
oping countries due to their high costs [4].

Cancer metastasis is the most tough problem 
in cancer therapy. In this process, polarized epi-
thelial tumor cells converted into motile mesen-
chymal cells, invade the basement membrane 
beneath, enter the blood vessels, and dissemi-
nated to distant organs. The initial step of these 
processes is associated with morphological 
changes defined as epithelial-mesenchymal 
transition (EMT). EMT has been intensively 
studied recently, and has been implicated in 
tumor progression and metastasis [5], which is 
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characterized by morphological changes from 
epithelial cells to fibroblast-like cells, loss of 
intercellular junctions and increased cell mobil-
ity [6, 7]. Down-regulation of E-cadherin was 
the critical step in EMT process, which is 
achieved by up-regulation of transcription fac-
tors Snail, Slug, or Twist [8-10]. Although the 
role of EMT in tumor invasion and metastasis is 
a hot topic recently, its regulation mechanism 
is not fully understood.

Previous studies have provided convincing evi-
dence for the activation of EMT in various pri-
mary epithelial tumors [11-13]. Interestingly, 
recent studies reveal a dynamic requirement of 
EMT in tumor metastasis: activation of EMT 
promotes local tumor invasion, while reversion 
of EMT is essential to establish metastasis in 
distant organs [14-16]. The “reversible” EMT 
model implies that EMT is unlikely to be regu-
lated by permanent genetic and epigenetic 
changes in tumor cells; instead, EMT is dynami-
cally controlled by various proinvasion signals 
from the tumor microenvironment (TME). The 
TME has been intensively studied as a dynamic 
system and is defined as the cellular and physi-
cal environment surrounding the primary tumor 
including endothelial, inflammatory and imm- 
une cells, fibroblasts, ECM components and 
soluble factors [5]. Cervical cancer is consid-
ered as a model of the relation occurring 
between the tumor micro-environment and 
tumor development [17]. The chronic inflamma-
tory status of the cervix, sustained by the infec-
tion of HPV, as well as the production of cyto-
kines and growth factors in the local cervix, 
lead to an intricate microenvironment [18-21]. 
Although the persistent infection of hr-HPV is 
the main pathogenic factor for cervical cancer, 
only a small fraction of women infected with hr-
HPV develops into cervical cancer, indicating 
that HPV itself may not be sufficient to cause 
cervical cancer [22]. Other factors may contrib-
ute to the development of cervical cancer. How 
does the cancer cells acquire the ability to 
invade the surrounding tissue is not fully under-
stood, accumulating evidence supports Epi- 
thelial-mesenchymal transition (EMT) plays a 
critical role in this process [17]. However, the 
detailed mechanism of EMT and its association 
with the progression of cervical cancer is 
unclear. Various growth factors secreted by the 
cancer cells and host cells in their local micro-
environments may trigger the molecular events 
of the EMT program. Placenta growth factor 

(PLGF) has been reported as a potent stimula-
tor in cancer invasion through activating angio-
genesis. Previous researches indicated that 
infection of hr-HPV can induced the secretion of 
PLGF in cancer cells [23, 24] and PLGF is over-
expressed in cervical cancer tissues compared 
to adjacent normal tissues [25]. Recent studies 
suggested that PLGF not only has the ability to 
promote angiogenesis but also can activate 
EMT program [26]. However, how does PLGF 
regulate of EMT in cervical cancer is not fully 
understood.

The aim of this study was to evaluate the cor-
relation between PLGF expression and EMT-
related proteins in cervical lesions and detect 
the expression level of PLGF in serum and vagi-
nal lavage of cervical lesion patients, and then 
analyze the correlation between them. Finally, 
we demonstrated that PLGF/Flt-1 signaling 
pathway could regulate the expression of EMT-
related proteins, which also dependent on 
ERK/MAPK signaling pathway activation.

Methods

Cell line and reagents

Siha is a human cervical cancer cell line pur-
chased from ATCC, and was cultured in 
Dulbecco’s modified Eagle’s media: Nutrient 
Mixture F-12 (DMEM/F12) supplemented with 
10% fetal bovine serum (Hyclone, USA). All cells 
used in our experiments were at passages 3 to 
15 after obtaining them from the suppliers. 
Cells were cultured in the absence of serum 
overnight prior to the treatment with PLGF-1 
(PeproTech Inc.) for the indicated periods. 
Inhibitors PD98059, LY294002, and SP600125 
were purchased from Sigma (USA).

Patients and samples

110 pathologically verified specimens of cervi-
cal lesions and the matched adjacent non-
lesion samples were harvested from surgical 
resections in the Third Affiliated Hospital, third 
military medical university from January, 2011 
to July, 2013. Among them, 34 cases were 
identified as cervical intraepithelial neoplasia 
(CIN) III or cancer in situ, and the remaining 
lesions were invasive, including 48 cases were 
stage I and 28 cases were stage II based on the 
staging system of the International Federation 
of Gynecology and Obstetrics. All patients did 
not undergo any chemotherapy or radiotherapy 
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Table 1. Correlation analysis of clinicopathological features with expression levels of PLGF, Flt-1, E-
cadherin and vimentin in 110 invasive cervical carcer samples

Variable
PLGF Flt-1 E-cad Vimentin

low high P low high P low high P low high P
Age
    < 50 years 17 27 0.936 16 28 0.632 23 21 0.092 21 23 0.235
    ≥ 50 years 25 41 27 39 45 21 24 42
Histological grade
    HG1 3 9 0.006 5 7 0.172 8 4 < 0.001 8 4 < 0.001
    HG2 21 35 24 34 26 30 32 24
    HG3 18 24 14 28 34 8 5 37
Staging
    CINIII & cancer in situ 18 16 0.006 16 18 0.172 14 20 < 0.01
    Stage I 20 28 14 34 28 26 8 26 < 0.01
    Stage II 4 24 13 15 20 2 32 16
LN status 5 23
    negative 25 24 0.013 25 24 32 17 0.500 28 21 0.002
    positive 17 44 18 43 36 25 17 44
HG: histological grade; CIN: cervical intraepithelial neoplasia; LN: lymph node. P < 0.05 was considered as statistically signifi-
cant.

before surgery. The mean age of the patients 
was 51.8 years (23-79 years). Their clinicopath-
ological parameters are summarized in Table 
1. All the cases were individually categorized by 
independent pathologists. The procedure was 
approved by the Committee for the Conduct of 
Human Ethics Committee of the Third Affiliated 
Hospital, Third Military Medical University. 
Written informed consent was obtained from 
each patient enrolled in the study.

ELISA assay

For measurement of PLGF, vaginal lavage spec-
imens were collected in 5 ml of normal saline 
and serum were collected as routine protocol, 
and both samples were frozen at -80°C until 
testing. Specimens were measured by enzyme-
linked immuno-sorbent assay (BioHJ, Inc China) 
in triplicate according to the manufacturer’s 
instruction. The concentrations of PLGF were 
expressed as ng/ml.

Immunohistochemistry

Fresh tissue specimens were fixed and em- 
bedded, and placed on slides as 2-3 um. Im- 
munohistochemistry was performed following 
the routine protocol. The slides were incubated 
with the following primary antibodies overnight 
at 4°C: a rabbit polyclonal PLGF antibody (1:50; 
Abcam); a rabbit polyclonal Flt-1 antibody (1:50; 
Abcam); a rabbit polyclonal E-cadherin antibody 

(1:100; Fantibody); a mouse polyclonal Vientin 
antibody (1:100; Fantibody). Following washes 
in PBS, sections were incubated with an appro-
priate secondary antibody (polymerized horse-
radish peroxidase [HRP]-anti rabbit IgG; ZSGB-
BIO, Beijing, China) for 20 min at 37°C, followed 
by incubation with streptavidin-peroxidase 
(DAKO) for 15 min at 37°C. 3,3’- -diaminobenzi-
dine (DAB; DAKO) was applied as the chromo-
genic agent. Then slides were counterstained 
with hematoxylin, dehydrated in graded etha-
nol, and coverslipped. The primary antibody 
was replaced with PBS or normal goat serum 
for the blank or negative control, respectively. 
The expression levels were independently eval-
uated by two investigators. The intensity of 
staining was recorded as follows: High grade 
(++) staining were defined as more than 10% of 
tumor cells showed immunoactivity or defined 
as low grade.

Generation of siha cells stably transfected with 
Flt-1 shRNA

Flt-1-shRNA and control shNC in eukaryotic len-
tiviral vectors/puromycin were obtained from 
Santa Cruz Biotechnology, Inc. 24 h before 
infection, cells were seeded onto 6-well culture 
plates. When cells grew to 40-70% confluence, 
remove the culture media and replace with 2 ml 
6 μg/ml polybrene (Santa Cruz: sc-134220), 
adding the lentiviral particles to infect the cells, 
gently mix and incubate overnight, remove the 
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culture and replace 2 ml of com-
plete medium (without poly-
brene), incubate the cells over-
night; 48 h post-infection, puro-
mycin (Santa Cruz) was added to 
the cell culture media at a final 
concentration of 6 μg/ml for 3 
weeks. Media was changed once 
every 3-4 days. After 3 weeks, 
puromycin -resistant colonies 
were isolated and cultured in 
24-well culture plates for further 
experiments.

Cell migration assays

To assess the migration of siha 
cells, 24-well plates with 8.0 mm 
pore transwells (Millipore) were 
applied. The top chamber was 
planted with 2 × 104 cells (siha 
or siha/Flt-1-sh-RNA) in 200 ml 
of complete medium without 
FBS. In the lower chamber, 500 
ml of complete medium contain-
ing 10% FBS with or without 
PLGF was added as a chemoat-
tractant. The cells on the top sur-
face of the membrane were 
removed. 4 h later, migrated 
cells on the underside of the 
membrane were fixed with meth-
anol, stained with solution and 
counted in 10 random fields 
under a microscope.

Western blot analysis

Harvested cells were washed 
twice with PBS, the Cells were 
lysed in RIPA buffer with protein-
ase inhibitors for 30 min on ice, 
and then centrifuged at 12,000 
rpm for 20 min at 4°C. The 
supernatant was collected as 
total cellular protein and its con-
centration was determined using 
the Bradford assay (Biotime 
Chemicals, Bangalore, India). 
Equivalent amounts of total cel-
lular protein were subjected to 
SDS-PAGE (8-12%) followed by 
blotting on a polyvinylidene diflu-
oride (PVDF) membrane. After 
blocking in 5% nonfat dry milk for 

Figure 1. Immunohistochemical analysis of PLGF, Flt-1, E-cadherin and 
Vimentin in cervical carcinoma tissues and adjacent normal cervical tis-
sues. PLGF (A), Flt-1 (C), E-cadherin (E), and vimentin (G) expression in 
normal cervix tissues, and PLGF (B), Flt-1 (D), E-cadherin (F) and vimentin 
(H) expression in tumor tissues (magnification: 200×).
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2 h, membranes were incubated with the fol-
lowing antibodies overnight at 4°C: a mouse 
polyclonal vimentin antibody (1:1,000; 
Fantibody); a rabbit polyclonal E-cadherin anti-
body (1:1000; Fantibody); a mouse monoclonal 
Flt-1 antibody (1:1000, Abcam) and a mouse 
monoclonal β-actin antibody (1:2000; ZSGB-
BIO, Beijing, China). The membranes were then 
washed and incubated with a HRP-conjugated 
secondary antibody (Santa Cruz, CA, USA) for 2 
h at room temperature and visualized by 
enhanced chemiluminescence (Biorad Bio- 
technology). β-actin expression was used as a 
loading control for whole cell lysates.

Statistical analysis

The SPSS13.0 statistical software package 
was applied in statistical analysis. All data were 
statistically analyzed using one-way ANOVA 
with a Bonferoni Correction. The values were 
depicted as mean ± standard and were consid-
ered significant if P < 0.05.

Results

Overexpression of PLGF and its receptor Flt-1 
in cervical cancer tissues is associated with 
EMT-related proteins

We selected 110 cases of cervical lesions and 
matched adjacent normal tissues to examine 
the expression of PLGF and Flt-1 and its asso-
ciation with EMT-related proteins by Imm- 
unohistochemistry. Correlation analysis 

110) patients (Table 1). Also, the PLGF expres-
sion was detectable in 47.1% (16/34) of sam-
ples in CINIII or cancer in situ, 58.3% (28/48) in 
stage I and 85.7% (24/28) in stage II (Table 1). 
Moreover, PLGF expression was detected in 
49.0% (24/49) of samples in the lymph node-
negative group and 72.1% (44/61) of samples 
in the lymph node-positive group (Table 1). The 
cytoplasmic expression of PLGF is significantly 
associated with tumor stage and the node-pos-
itive tumor status (P = 0.006 and P = 0.013 
respectively).

The expression of Flt-1 protein could not be 
detected in normal cervix tissues (Figure 1C), 
and significantly high expressed in the cyto-
plasm of the tumor cells (Figure 1D) in 60.9% of 
patients (Table 1). Consistent with previous 
study, Flt-1 expression was detected in 49.0% 
of samples in the lymph node-negative group 
and 70.5% of samples in the lymph node-posi-
tive group (Table 1). A significant association 
was observed between the cytoplasmic expres-
sion of Flt-1 and the node-positive tumor status 
(P = 0.022). However, the Flt-1 expression has 
no significant association with the tumor stage 
(P = 0.172).

E-cadherin was normally present in the cell 
membranes of normal cervical tissues, but 
weakly expressed in tumor tissues (Figure 1E 
and 1F). Nearly 61.8% (68/110) of the tumor 
sections showed loss or reduction of E-cadherin 
expression (Table 1). The reduction of 
E-cadherin expression was detected in 41.2% 

Table 2. Association analysis between expression levels of PLGF, Flt-1, E-
cadherin, vimentin in 110 invasive cervical carcinoma samples

Definition 
Flt-1 E-cadherin vimentin

Low High P Low High P Low High P
PLGF
    Low 38 4 < 0.01 42 1 < 0.01 29 13 < 0.01
    High 5 63 26 41 16 52
    Spearman correlation 0.828 -0.618 0.450
Flt-1
    Low 43 0 < 0.01 34 11 < 0.01
    High 25 42 11 54
    Spearman correlation -0.630 0.622
E-cadherin
    Low 39 29 < 0.01
    High 6 36
    Spearman correlation -0.426
The significant difference was defined as P < 0.05.

between expression 
levels of PLGF, Flt-1, 
Ecadherin and Vim- 
entin and clinico-
pathological featur- 
es are summarized 
in Table 1. Consistent 
with previous stud-
ies, the expression 
of PlGF protein was 
undetectable in nor-
mal tissues, and is 
significantly higher in 
the cancer tissues 
(shown in Figure 1A 
and 1B), the PLGF is 
mainly expressed in 
the cytoplasm of 
cancer cells (Figure 
1B) in 61.8% (68/ 
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(14/34) of the CINIII or cancer in situ and in 
58.3% (28/48) and 92.9% (26/28) of the stage 
I and II tumors respectively. The reduction of 
E-cadherin expression is significantly associat-
ed and histological grade and tumor stage 
(both P < 0.01) (Table 1). However, the reduc-
tion of E-cadherin expression has no significant 
association with the node-positive tumor sta-
tus (P = 0.5) (Table 1).

Vimentin was absent in normal cervical tissues, 
but highly expressed in tumor tissues (Figure 
1G and 1H) in 59.1% of patients (Table 1). 
Vimentin expression was detected in 42.9% of 
samples with the lymph node-negative and 
72.1% of samples with the lymph node-positive 
(Table 1), the Flt-1 expression is significant 
associated with the node-positive tumor status 
(P = 0.002). Moreover, the expression of vimen-
tin was strongly associated with high-grade and 
late-stage tumors (both P < 0.01) (Table 1).

Correlation analysis between expression levels 
of PLGF, Flt-1, E-cadherin and Vimentin in cer-
vical lesion samples

Then, we intended to analyze the correlation 
between the expression levels of PLGF and 
EMT-related proteins in cervical carcinoma tis-
sues. In agreement with protein changes during 
EMT, the weak expression of E-cadherin was 
significantly correlated with high expression of 
vimentin (P < 0.01, r = -0.426) (Table 2). In 
addition, high PLGF expression was significant-
ly correlated with the reduction of E-cadherin 
expression and the increase of vimentin expres-
sion (P < 0.01, r = -0.618; P < 0.01, r = 0.450, 
respectively) (Table 2). These analyses indicate 
that PLGF is associated with the EMT-related 
proteins expression, and may be an inducer in 
activating the EMT process. Particularly, we 
found that high PLGF expression was strongly 
associated with Flt-1 up-regulation (r = 0.828, P 

Since the PLGF is over-expressed in cervical 
cancer tissues and significantly correlated with 
the expression level of EMT-related proteins. 
We further want to detect the level of PLGF in 
serum and vaginal lavage of cervical cancer 
patients. We chose 26 cases normal women, 
22 cases of CINIII or cancer in situ patients and 
36 cases of invasive cervical cancer patients, 
including 22 cases in stage I and 14 cases in 
stage II. And collected the serum and vaginal 
lavage samples before surgical excision of the 
cancer tissue. The mean PLGF levels are pre-
sented in Table 3. 

As show in Table 3, we found that a significantly 
high level of PLGF could be detected both in 
serum and vaginal lavage compared with nor-
mal women group (P < 0.05), and there is no 
significant difference between serum and 
lavage in PLGF level (P = 0.405, data not show). 
In addition, the mean serum PLGF level was sig-
nificantly higher in cervical cancer (CC)patients 
(22.96 ± 0.90 ng/ml) than in normal control 
individuals (9.926 ± 1.049 ng/ml, P<0.001) 
(Table 3). Also, the serum PLGF level is posi-
tively associated with the tumor stage (P < 
0.001, Figure 2), however, there is no signifi-
cant difference between the stage I and stage 
II. These phenomena could also be observed in 
the lavage PLGF levels. In the lavage, the PLGF 
level was significantly higher in CC patients 
(24.80 ± 0.73 ng/ml) than in normal control 
individuals (11.29 ± 0.90 ng/ml, P < 0.001) 
(Table 3). Whatever in vaginal lavage or in 
serum, the PLGF level in stage I and II was sig-
nificantly higher than it in CINIII or cancer in situ 
group. However, there is no significant differ-
ence between the stage I and stage II (Figure 
2).

Our data suggested that PLGF is overexpressed 
in cervical lesions, and secreted in serum and 
lavage, which is an important element in cervi-
cal microenvironment. And the high PLGF level 

Table 3. The mean serum and lavage PLGF levels in normal control subjects and cervi-
cal cancer patients before surgical excision of tumor

Groups
PLGF levels Mean ± SD (ng/ml)

lavage P serum P
Normal control subjects (n = 26) 11.29 ± 0.9036 9.926 ± 1.049
CINIII or. cancer in situ (n = 22) 21.91 ± 1.110 P < 0.05 18.89 ± 1.400 P < 0.05
CCI (n = 22) 26.77 ± 0.6499 P < 0.05 24.50 ± 1.211 P < 0.05
CCII (14) 26.25 ± 1.959 P < 0.05 26.95 ± 1.579 P < 0.05
CIN: cervical intraepithelial neoplasia; CC: cervical cancer. P < 0.05 was defined as significant.

< 0.01), which sug-
gested that PLGF 
may be involved in 
EMT process thr- 
ough activating its 
receptor Flt-1.

The level of PLGF 
in serum and vagi-
nal lavage of cervi-
cal cancer patients
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is significantly associated with tumor stage, 
which may plays an important role in the pro-
gression of cervical cancer.

PLGF promoted the migration in Siha cells 
through activating Flt-1 signal pathway

Now that, the PLGF is over-expressed in serum 
and vaginal lavage of the CC patients, we next 
want to see exogenous PLGF could activated 
migration in Siha cells, we obtained the PLGF 
from Peprotech, Inc. and the siha cells were 
treated with PLGF (40 ng/ml for 4 h). After 
treated with PLGF, the migration of siha cells 
increased nearly 2-fold compared with cells 
without PLGF (P < 0.05) (Figure 3B); Since, 
PLGF could promote the migration in siha cells, 
from the literature, we know that Flt-1 is its spe-
cific receptor, so we want to know whether 
PLGF promote the migration of siha cells 
through activation of Flt-1 signaling pathway. 
The siha cells were transfected with Flt-1-
shRNA lentiviral vector which express shRNAs 
against Flt-1 or a control sequence (NC). 
Puromycin-resistant cells expressed low level 
of Flt-1 analyzed by western blot using anti-Flt-1 
antibody, as shown in Figure 3A, Flt-1 protein 
expression was significantly decreased in siha 
cells expressing Flt-1-shRNA. In addition, down-
regulation of Flt-1 expression blocked PlGF-
induced migration of siha cells (Figure 3B).
These findings indicated that the migration abil-
ity of siha is in dependence of PLGF/Flt-1 sig-
naling pathway activation.

PLGF regulates EMT-related proteins expres-
sion in siha cells

To investigate whether PLGF promote cervical 
cancer progression through activating EMT pro-
cess, we next examined the expression of EMT-
related protein by western blot in siha after 
treated with PLGF. Siha cells normally expressed 
a high level of E-cadherin and a weak expres-
sion level of vimentin. Cells treated with PLGF 
was significantly reduced E-cadherin expres-
sion and increased vimentin expression. 
However, down-regulation of Flt-1, which is a 
receptor of PLGF, reduced the vimentin and 
increased the E-cadherin in siha cells. 
Furthermore, down-regulation of Flt-1 rescued 
the PLGF-mediated expression changes (Figure 
4), which conversely increased the expression 
of E-cadherin and decreased the expression of 
vimentin.

PLGF regulated EMT-related proteins expres-
sion through ERK/MAPK signaling pathway

We next analyze the signaling pathway through 
which PLGF regulate the EMT-related protein 
expression. Cells were treated with a specific 
ERK/MAPK signaling pathway inhibitor, 
PD98059 (10 μmol/l), or application of a spe-
cific PI3k/Akt signaling pathway inhibitor, 
LY294002 (20 μmol/l), or a specific JNK path-
way inhibitor, SP600125 (10 μmol/l) for 24 hr 
before treated with PLGF. Then the expression 
of E-cadherin was detect by Western blot 
(Figure 5A), Moreover, in a transwell migration 
assay, application of only PD98059 significant-
ly decreased the migration of PLGF-treated 
siha cells (Figure 5B). These data suggested 
that PLGF may regulate the expression of 
E-cadherin protein via ERK/MAPK signaling 
pathway and inhibiting ERK/MAPK signaling 
pathway may decrease the migration of cervi-
cal cancer cells. Taken together, our data sug-
gest that PLGF/Flt-1 signaling pathway plays an 
important role in regulating EMT-related pro-
teins and promoting migration of cervical can-
cer cells, which is in dependence of ERK/MAPK 
signaling pathway.

Discussion

PLGF was initially identified as an angiogenic 
factor, which present in several types of tumor 
[27], suggesting that PLGF plays a role in tumor 
invasiveness. Previous studies reported that 

Figure 2. The mean PLGF level in serum and lavage 
of CC patients and normal control individuals. Data 
were shown as mean ± SD; Con: normal control 
group; CIN: cervical intraepithelial neoplasia; CC: 
cervical cancer. *P < 0.05 was defined as significant.
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high level of PLGF could be detected in cancer 
microenvironment and the expression of PLGF 
is elevated after HPV infection [24, 28-31]. And 
the expression of PLGF is up-regulated in cervi-
cal cancer tissues compared to adjacent nor-
mal tissues [25]. However, the percentage of 
positive PLGF expression in cervical cancer and 
the PLGF level in body fluid of cervical cancer 

patients is unclear. Since, Studies with tumor 
samples or experimental tumor xenograft mod-
els have provided convincing evidence that 
PLGF was abnormally expressed in many hypo-
static tumors such as brain cancer [32, 33], 
renal cell cancer [34, 35], lung cancer [36-38], 
breast cancer and gastric cancer [39-42]. 
Furthermore, it has been reported that the 

Figure 3. PLGF promote migration in siha cells through 
activating Flt-1 signaling pathway. A. Western blot 
analysis of Flt-1 expression in siha cells infected with 
a shRNA lentivirus against Flt-1. Flt-1 expression was 
significantly decreased in siha cells expressing Flt-
1-shRNA. The bar graph shows the relative protein 
expression levels among groups. β-actin was used 
as a loading control. Data are presented as mean ± 
SD. for three independent experiments. *P < 0.05. 
B. PLGF promoted the migration of siha cells in vitro 
through Flt-1 signaling pathway. PLGF induced a 2-fold 
increase in migration of siha cells compared with the 
controls. Reduction of Flt-1 expression inhibited the 
PLGF-mediated migration of siha cells. *P < 0.05.
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expression of PLGF mRNA was founded elevat-
ed in cervical cancer tissues [25]. The purpose 
of this study was to examine the expression of 
PLGF in cervical lesions samples and detect 
the PLGF expression level in serum and vaginal 
lavage of cervical lesion suffers, and to explore 
its roles in the migration of cervical cancer 
cells.

In our study, we found that the PLGF is mainly 
expressed in the cytoplasm of cancer cells in 
61.8% patients, and the high level of PLGF 
expression is significantly associated with 
tumor stage and the node-positive tumor sta-
tus. This is agreement with previous studies 
showing that the high expression level of PLGF 

cancer cells and host cells in vaginal-cervix 
local microenvironments may promote the pro-
gression of cancer. The chronic inflammatory 
status of the cervix, sustained by the infection 
of HPV, as well as the production of cytokines 
and growth factors in the local cervix, lead to 
an intricate microenvironment [18-21], so cervi-
cal cancer is considered as a model of the rela-
tion occurring between the tumor micro-envi-
ronment and tumor development [17]. 
Abundance evidence indicated that high 
expression level of PLGF could be observed in 
various tumors [27]. However, the expression 
level of PLGF in cervical cancer is unclear. 
Previous research indicated that high level of 
PLGF could be detected in diverse tumor micro-

Figure 4. PLGF regulates EMT-related proteins expression in siha cells. 
Western blot analysis of mesenchymal cell markers and epithelial cell 
markers in siha cells when Flt-1 was activated by PlGF or down-regulated 
by shRNA. Western blot analysis of mesenchymal cell markers and epithe-
lial cell markers in siha cells when Flt-1 was activated by PlGF or down-
regulated by shRNA. β-actin was used as a loading control for whole cell 
lysate, The bar graphs show the relative expression of proteins among 
each treatment groups. Data are presented as mean ± SD. for three inde-
pendent experiments. *P < 0.05.

was presented in many kinds of 
tumors and is correlated with 
high recurrence risk and poor 
prognosis [43, 44]. Furthermore, 
we examine the expression level 
of Flt-1 in cervical lesion tissues, 
which is a specific receptor of 
PLGF. We found that the expres-
sion of Flt-1 protein could not be 
detected in normal cervix tis-
sues, and significantly high 
expressed in the cytoplasm of 
the tumor cells in 60.9% of 
patients. Consistent with previ-
ous study, a significant associa-
tion was observed between the 
cytoplasmic expression of Flt-1 
and the node-positive tumor sta-
tus [45, 46]. However, there is no 
significant association between 
Flt-1 expression and the tumor 
stage. These studies implied that 
in addition to its canonical role in 
angiogenesis, PLGF may play a 
role in tumor growth and metas-
tasis though activating its recep-
tor Flt-1 and may be an unfavor-
able progression indicator in cer-
vical cancer.

The tumor microenvironment 
(TME) is defined as the cellular 
and physical environment sur-
rounding the primary tumor 
including endothelial, inflamma-
tory and immune cells, fibro-
blasts, ECM components and 
soluble factors [47]. Diverse 
growth factors secreted by the 
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environments. Here, we want to know whether 
PLGF is also up-regulated in vaginal-cervical 
microenvironment and serum of cervical 
lesions suffers. We found that a significantly 
high level of PLGF could be detected both in 
serum and vaginal lavage compared with nor-
mal women group, and there is no significant 
difference between serum and lavage in PLGF 
level. In addition, whatever in lavage or in 
serum, the PLGF level in stage I and II was sig-
nificantly higher than it in CINIII or cancer in 
situ. However, there is no significant difference 
between the stage I and stage II. These data 
suggested that high level of PLGF may associ-
ate with more advanced clinical stages and 
may be a surrogate biomarker for predicting 
recurrence risk and prognosis in cervical can-
cer. However, due to our limited sample size 
and hasty time, we did not compare the PLGF 
level in post-surgery patients, to deep under-
stand the correlation between PLGF level and 
the prognosis and recurrence of cervical can-
cer needs further research.

During the progression of epithelial cancer, 
cells usually lose epithelial characteristic fea-
tures and gain a mesenchymal phenotype, 
which is defined as Epithelial-mesenchymal 
transition (EMT) [12]. Cervical cancer is a com-
mon female malignancy worldwide. Despite the 
generally good prognosis for early-stage cervi-
cal cancer patients, many patients still die as a 
result of metastasis and recurrence. Epithelial-
mesenchymal transition (EMT) has been impli-
cated in the metastasis of primary tumors and 
provides molecular mechanisms for cervical 
cancer metastasis [11]. Through this complex 
process, epithelial-derived tumor cells lose 
intercellular tight adhesion and acquire a mes-
enchymal phenotype with increased migratory 
behavior. Down-regulation of epithelial cadher-
ins (e.g., E-cadherin) and up-regulation of mes-
enchymal markers (e.g., vimentin.) are the most 
important characteristics for EMT [14]. How- 
ever, evidence is lacking that PLGF plays a role 
in the EMT of uterine cervical cancer. Among 
the 110 cervical lesions in our study, we found 

Figure 5. PLGF regulated the EMT-related protein ex-
pression through ERK/MAPK signaling pathway. A. 
Application of a specific ERK/MAPK signaling pathway 
inhibitor, PD98059 (10 μmol/l), or application of a spe-
cific PI3k/Akt signaling pathway inhibitor, LY294002 
(20 μmol/l), or a specific JNK pathway inhibitor, 
SP600125 (10 μmol/l) to siha cells before treated with 
PLGF. PD98059 substantially abolished the decrease of 
E-cadherin expression by Western blot. B. Application of 
only PD98059 significantly decreased the migration of 
siha cells in a transwell assay. *P < 0.05.
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that nearly 61.8% of the tumor sections showed 
loss or reduction of E-cadherin, while 59.1% 
showed positive vimentin expression. Corre- 
lation analysis indicated that the weak expres-
sion of E-cadherin was siginficantly correlated 
with high expression of Vimentin. In addition, 
high PLGF expression was significantly corre-
lated with the reduction of E-cadherin expres-
sion and the increase of Vimentin expression. 
These analyses indicate that the process of 
EMT occurs in the progression of cervical and 
PLGF is associated with the EMT-related pro-
teins expression. These data imply that PLGF 
may be an inducer in initiating the EMT pro-
cess. Although PLGF was able to induce EMT in 
human pancreatic carcinoma cells and breast 
cancer cells, to our best knowledge, no studies 
have reported that PLGF is a possible mediator 
for EMT in cervical cancer. In this study, since 
PLGF/Flt-1 expression was strongly associated 
with expression of EMT-related proteins, we 
hypothesized that PLGF could regulate EMT of 
cervical cancer cells, leading to cervical cancer 
progression and metastasis.

Here, we found PLGF and its receptor are highly 
expressed in cervical cancer tissues, suggest-
ing that PLGF could promote EMT though acti-
vating Flt-1 signaling pathway. The regulation of 
EMT in cervical cancer is not fully understood. 
Up to date, only membrane KCl cotransport-
er-3, human papillomavirus, and transforming 
growth factor-β1 and epithelial growth factor 
(EGF) were reported as EMT inducers in cervi-
cal cancer cell lines [48-52]. PLGF was mainly 
reported as an angiogenesis factor. Here, we 
found chronic PLGF treatments could decrease 
the expression of E-cadherin and increase the 
expression of vimentin in siha cells, the most 
important characteristic of EMT, which could be 
abolished by repressing the expression of Flt-1, 
suggesting that PLGF acts as an autocrine fac-
tor to activate the Flt-1 signaling pathway and 
regulate the EMT-related proteins expression. 
Furthermore, we found that PLGF-mediated 
Flt-1 activation promoted the migration in cervi-
cal cancer cell lines, and inhibit the expression 
of Flt-1 could reverse the effect of PLGF, which 
is consistent with the report using a breast can-
cer model [26]. However, it remains to be eluci-
dated how PlGF activates cytoplasmic Flt-1. 
Also the down stream signaling pathway of Flt-1 
is unclear. Our data suggest that PLGF may act 
as an autocrine factor to activate the Flt-1 sig-

naling pathway and regulate the EMT-related 
proteins expression.

We next want to know the down stream signal-
ing pathway of Flt-1. ERK/MAPK signaling path-
ways are highly conserved in all eukaryotes and 
are involved in numerous cellular responses 
[53]. Extracellular stimuli, like diverse growth 
factors, lead to activation of the ERK/MAPK 
through a MAPK signaling cascade [54]. 
Deregulation of the ERK/MAPK signaling path-
way is often associated with many human dis-
eases, including cancers [55, 56]. Therefore, 
we applied a specific inhibitor of ERK1/2 signal-
ing pathway. Surprisely, we found that use the 
ERK/MAPK pathway inhibitor could abolish the 
effect of PLGF on E-cadherin reduction and 
migration promotion in siha cells. However, 
using the AKT or other inhibitor doesn’t have 
such effects. These data indicated that ERK/
MAPK signaling pathway may also participated 
in the process of PLGF activating EMT 
program.

In conclusion, we provide evidence that PLGF 
was overexpressed in cervical lesions samples 
and high PLGF level could be observed in the 
vaginal lavage and serum of cervical lesions 
suffers. In addition, the expression of PLGF in 
cervical lesions sections is significantly corre-
lated with weak E-cadherin expression and high 
vimentin expression. Furthermore, exogenous 
PLGF could promote cervical cancer cell migra-
tion and regulate the EMT-related proteins 
expression, which is dependent on the ERK/
MAPK signaling pathway. These findings sug-
gest that PLGF/Flt-1 signaling pathway might be 
a potential target for neoadjuvant therapy in 
patients with cervical cancer. Therapies target-
ing PLGF/Flt-1/ERK/MAPK signaling may be a 
novel therapeutic approach for invasive cervi-
cal cancer patients. However, to fully under-
stand the mechanism of EMT in cervical can-
cer, additional studies should be needed to 
further elucidate how PLGF regulates EMT and 
who are the factors regulating PLGF expre- 
ssion.
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