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via the promotion of epithelial-mesenchymal transition
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Abstract: Objective: The process of epithelial-mesenchymal transition (EMT) clearly contributes to cancer metasta-
sis. The aim of this study was to investigate the expression of the EMT-related transcription repressor ZEB1 and the 
expression of EMT-associated markers (E-cadherin, β-catenin and N-cadherin) in cervical squamous cell carcinoma. 
In addition, the role of ZEB1 and these EMT-associated markers in the progression and metastasis of cervical squa-
mous cell carcinoma was explored. Methods: The expression of ZEB1, E-cadherin, β-catenin and N-cadherin was 
evaluated in 81 specimens of cervical squamous cell carcinoma by immunohistochemistry; the clinicopathological 
significance of these markers was then analyzed. Results: 1) Of the 81 samples, 37 cases (45.7%) were positive 
for ZEB1, and nuclear expression of ZEB1 in tumor cells was positively associated with the differentiation status 
of the tumor tissue (P < 0.05), vascular invasion (P < 0.05) and lymph node metastasis (P < 0.05). 2) The loss of 
E-cadherin and β-catenin expression in tumor cells and the acquisition of N-cadherin expression were positively as-
sociated with the differentiation status of the tumor tissue (P < 0.05) and with the occurrence of vascular invasion 
(P < 0.05). 3) A significant negative correlation was observed between ZEB1 and E-cadherin expression (Spearman 
= -0.636, P < 0.05) and between ZEB1 and β-catenin expression (Spearman = -0.417, P < 0.05). Moreover, a sig-
nificant positive correlation was observed between ZEB1 and N-cadherin expression (Spearman = 0.557, P < 0.05). 
Conclusions: These results emphasize the role of EMT in cervical squamous cell carcinoma. The upregulation of 
ZEB1 is associated with the abnormal expression of E-cadherin, β-catenin and N-cadherin, which might promote the 
progression and metastasis of cervical squamous cell carcinoma.
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Introduction

Cervical carcinoma is the second most preva-
lent female cancer worldwide, and squamous 
cell carcinoma (SCC) accounts for approximate-
ly 80% of the cases of cervical carcinoma [1]. 
Metastatic spread of cervical carcinoma cells 
to distant areas, such as the pelvic lymph 
nodes, is the primary cause of treatment failure 
and subsequent death in patients with cervical 
carcinoma [2]. Therefore, an understanding of 
the mechanism of the progression and metas-
tasis of cervical carcinoma is an important 
issue with respect to the treatment of patients 
with this disease.

Epithelial cells can convert into mesenchymal 
cells via a multiple-step process termed epithe-

lial-mesenchymal transition (EMT). The pheno-
typic transition from an epithelial to a mesen-
chymal-like state represents one important 
mechanism of epithelial plasticity. During EMT, 
epithelial tumor cells downregulate cell-cell 
adhesion systems, lose their polarity, and 
acquire a mesenchymal phenotype. This trans-
formation increases the migratory capacity of 
the cells. The concept of EMT was first recog-
nized in the field of embryology, but has recent-
ly been reported to play a vital role in the pro-
gression and metastasis of epithelial tumors [3, 
4].

The induction of EMT is mediated by key tran-
scription factors within the cells, including Slug, 
Snail, Twist, ZEB1 and ZEB2. These factors are 
activated in response to different signaling 
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pathways, which allow them to orchestrate 
intracellular changes that regulate the expres-
sion of epithelial and mesenchymal markers 
[5-7]. Over the past few years, ZEB1 has 
increasingly been considered to be an impor-
tant contributor to the process of malignant 
cancer progression. ZEB1 is encoded by the 
TCF8 gene and is a vertebrate homologue of 
the ZFH gene family of zinc finger/homeodo-
main proteins. It interacts with the regulatory 
regions of responsive target genes by binding 
to the sequence motif CAGGTG/A [8, 9]. A sig-
nificant amount of insight as to the physiologi-
cal functions of ZEB1 was obtained by experi-
ments in model organisms. It was found that 
ZEB1 acts as a master repressor of “epithelial-
ness” via the repression of E-cadherin and 
other epithelial markers. In cancer, it has been 
reported that the upregulation of the expres-
sion of ZEB1 plays an important role in the pro-
gression and metastasis in renal clear cell car-
cinomas [10], endometroid cancer [11], inva-
sive breast cancer [12] and lung adenocarcino-
mas [13].

One key feature of EMT is the downregulation of 
E-cadherin, a cell adhesion molecule that pres-
ents in the membrane of normal epithelial cells. 
E-cadherin binds to β-catenin to form a protein 
complex that is linked to the actin cytoskeleton. 
Impairment of the adherens junction compo-
nents has been demonstrated to play an impor-
tant role in the induction of EMT that occurs 
during development and tumorigenesis [8].  
As another member of the cadherin family, 
N-cadherin is indicative of a mesenchymal phe-
notype. Aberrant expression of N-cadherin in 
the cytomembrane or cytoplasm is associated 
with the progression and metastasis of solid 
tumors, and the forced expression of N-cadherin 
has been shown to induce migration and 
increase the invasiveness of cancer cells [14, 
15]. It was reported that a process termed 
“cadherin switching” involves a decrease in 
E-cadherin and an increase in N-cadherin [16]. 
This leads to cytoskeletal reorganization with 
reductions in the levels of cytokeratins and the 
acquisition of vimentin and α-smooth muscle 
actin expression, which provide resistance to 
deformation and motility [17, 18].

The way in which cervical carcinoma cells 
acquire the ability to invade surrounding tissue 
is not fully understood, but EMT likely plays a 
role [19]. Based on the expression of epithelial 
and mesenchymal markers that define the EMT 

process, observations of clinical tissue have 
shown that EMT is involved in the progression 
of malignant tumors and is associated with the 
invasive capability of cervical carcinoma cells 
[20].

Although the ability of ZEB1 to repress E- 
cadherin by binding to E-box sequences on its 
promoter is documented at the molecular level, 
studies that have focused on the clinical impli-
cations of ZEB1 and EMT-associated markers 
in cervical carcinogenesis are limited. In this 
study, we detected ZEB1, E-cadherin, β-catenin 
and N-cadherin in tumors from 81 patients with 
cervical squamous cell carcinoma, and evalu-
ated their relationship to the clinicopathologi-
cal features of the patients. We also analyzed 
the correlation of these markers. Moreover, the 
expression of ZEB1 and E-cadherin in the meta-
static lesions was also explored. 

Materials and methods

Patients and tissue samples

The paraffin-embedded tissues of 81 patients 
with cervical squamous cell cancer who were 
seen between January 2009 and December 
2012 were selected from the Department of 
Pathology at the 1st Affiliated Hospital of 
Zhengzhou University. Clinical information was 
obtained from the case histories of the pati- 
ents. All patients underwent a traditional hys-
terectomy with clearance of the pelvic cavity 
and lymphadenectomy. None of the patients 
received preoperative therapy such as chemo-
therapy and radiotherapy before operations or 
after operations. In addition, 10 cases of nor-
mal cervical tissue were obtained from patients 
who underwent hysterectomies for benign  
conditions, and used as negative controls. 
These patients did not have a history of cervi- 
cal intraepithelial neoplasia or an abnormal 
Papanicolaou test. Approval for this study was 
granted by the Medical Ethics Committee of 1st 
Affiliated Hospital of Zhengzhou University.

Immunohistochemistry

Four-micrometer thick sections were prepared 
from the paraffin-embedded tissues. Immuno- 
histochemistry was performed with a PV-6000 
polymer detection system. The sections were 
deparaffinized in xylene, rehydrated in graded 
alcohol solutions, and then boiled in EDTA buf-
fer (pH 9.0) for 2.5 minutes in an autoclave. 
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They were incubated at 4°C overnight with an 
anti-ZEB1 antibody (Cell Signaling Technology, 
Beverly, MA, USA; mouse monoclonal antibody, 
1:50), anti-E-Cadherin antibody (Beijing Zhong 
Shan Biotechnology Co.Ltd., Beijing, China; 
mouse monoclonal antibody; 1:50), an anti- 
N-Cadherin antibody (Beijing Zhong Shan 
Biotechnology Co.Ltd., Beijing, China; mouse 
monoclonal antibody; 1:50), and an anti-β-
catenin antibody (Beijing Zhong Shan Bio- 
technology Co.Ltd., Beijing, China; mouse 
monoclonal antibody; 1:50). The peroxidase 
reaction was developed with 3,3’-diaminoben-
zidine (DAB). The PV-6000 system, secondary 
antibodies, and the DAB were obtained from 
Zhongshan Golden Bridge Biotechnology. The 
sections that were stained without the primary 
antibodies served as negative controls.

Immunohistochemical evaluation

The immunohistochemical evaluation was per-
formed by two experienced pathologists who 
had no knowledge of the clinical status of  
the patients. Nuclear expression of ZEB1 was 
regarded as positive, while membranous and 
cytoplasmic expression of E-cadherin, β-catenin 
and N-cadherin was regarded as positive. The 
status of ZEB1 protein expression was ass- 
essed by an evaluation of the intensity and the 
percentage of the stained tumor cells [21, 22]. 

The percentage of positive tumor cells was 
scored as follows: 1, 0% to 9% positivity; 2, 
10% to 50% positivity; 3, more than 50% posi-
tivity. The staining intensity was scored as fol-
lows: 0, negative staining; 1, weak staining; 2, 
moderate staining; 3, intense staining. The final 
score was calculated by multiplying the per-
centage stained score with the staining inten-
sity score. Scores less than or equal to 1 were 
categorized as negative, and scores greater 
than 1 were categorized as positive. Loss of 
expression of E-cadherin and β-catenin in the 
cell membrane was considered if more than 
10% of the tumor cells were not stained.  
Cell membranous or cytoplasmic expression of 
N-cadherin was considered positive if more 
than 10% of the tumor cells were stained [28]. 
In cases of discrepancies, the slides were re-
evaluated and discussed until a consensus 
was achieved.

Statistical analyses

SPSS 19.0 was used for all statistical analysis. 
The chi-squared test was used to assess  
the association between ZEB1 expression and 
the clinicopathological characteristics of the 
patients as well as the correlation between the 
expression of ZEB1 and EMT-associated mark-
ers. P < 0.05 was considered to be significant.

Results

Clinicopathologic characteristics of the cases

A total of 91 patients were included as follows: 
10 cases of normal cervical tissue and 81 
cases of primary squamous cell cervical carci-
noma (mean age, 48.1 years; range, 28-73 
years). The histological differentiation and the 
FIGO stage of the tumors were determined 
based on the criteria of the World Health 
Organization. The invasive depth of the tumor 
was determined based on 1/2 of the cervical 
thickness. Vascular invasion by the primary 
lesions and positive node metastasis were 
found in 32 and 34 of the 81 cases, respec-
tively. The principal clinicopathological charac-
teristics are summarized in Table 1.

Expression of ZEB1 and EMT-associated mark-
ers in cervical squamous cell carcinoma

The expression of ZEB1, E-cadherin, N-cadherin 
and β-catenin was analyzed. Negative staining 
for ZEB1 and N-cadherin was found in all 10 

Table 1. Clinicopathologic characteristics of 
the cases

Variable No. of 
cases 81 %

Age (year) ≤ 50 44 54.3
> 50 37 45.7

FIGO stage IA 3 3.7
IB 32 39.5
IIA 25 30.9
IIB 20 24.7
III 1 1.2
IV 0 0.0

Invasive depth ≤ 1/2 36 44.4
> 1/2 45 55.6

Differentiation Well 14 17.3
Moderate 51 62.9

Poor 16 19.8
Vascular invasion Negative 49 60.5

Positive 32 39.5
Lymph nodes Negative 47 58.0

positive 34 42.0
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cases of normal cervical epithelium along with 
positive membranous staining for E-cadherin 
and β-catenin. In 81 cases of cervical squa-
mous cell carcinoma, positive expression of 
ZEB1 was found in 45.7% (37/81). The loss 
expression of E-cadherin and β-catenin was 
34.6% (28/81) and 19.8% (16/81), respective-
ly. Aberrant expression of N-cadherin was 
28.4% (23/81). Specifically, at the interface of 
the tumor parenchyma and the mesenchyma, 
intense positive expression of ZEB1 was found 
in the cell nuclei, along with definite loss of 
expression of E-cadherin and β-catenin in  
the cell membrane; in addition, up-regulated 
expression of N-cadherin was observed in the 
cytoplasm. The representative immunohisto-
chemical images are shown in Figure 1A-E.

Association of the clinicopathologic charac-
teristics with the expression levels of ZEB1, 
E-cadherin, β-catenin and N-cadherin in pri-
mary cervical carcinoma

The nuclear expression of the ZEB1 protein was 
compared with the clinicopathologic features of 
the patients in order to investigate the possible 
relationships. None of the 14 well-differentiat-
ed samples showed any nuclear expression of 

ZEB1, but the expression of ZEB1 was signifi-
cantly increased to 81.3% of cells (13/16)  
in poorly differentiated samples (P = 0.000). 
Definite vascular invasion (presence of tumor 
thrombi in the vascular space surrounded by 
endothelial cells) was observed in 32 of 81 
samples. Nuclear expression of ZEB1 was sig-
nificantly higher in samples (21/32, 65.6%) 
with vascular invasion than in those (12/49, 
24.5%) without vascular invasion (P = 0.001). 
Our data also demonstrated the significant dif-
ference in ZEB1 expression in cervical squa-
mous cell carcinoma between groups with neg-
ative lymph node metastasis (15/47, 31.9%) 
and positive lymph node metastasis (22/34, 
64.7%, P = 0.004). The positive expression of 
ZEB1 was not associated with the FIGO stage 
or with the invasive depth of the tumors. 
Additionally, we found that the expression of all 
three EMT-related markers in the tumor cells 
was associated with the differentiation status 
and the expression of E-cadherin and β-catenin 
was associated with vascular invasion, but all 
the three markers were not associated with 
lymph node metastasis. The main immunohis-
tochemical results are summarized in Table  
2, and representative immunohistochemical 
images are shown in Figures 1F, 1J, 2.

Figure 1. Expressions of ZEB1, E-cadherin, N-cadherin and β-catenin in tumor cells at the borders of tumor epithe-
lium and stroma, in the vessels and in lymph nodes. At the interface of the tumor parenchyma and the mesenchyma 
(HE, A), intense positive expression of ZEB1 was found in the cell nuclei (B), along with definite loss of expression of 
E-cadherin (C) and β-catenin (E) in the cell membrane; in addition, up regulated expression of N-cadherin (D) was 
observed in the cytoplasm. The tumour thrombus in vessels (HE, F) (demonstrated by CD34 staining for the endo-
thelial cells (G) showed the expression of ZEB1 in the cell nucleus (H), along with loss expression of E-cadherin (I) 
and β-catenin (J) in the membrane (I). Expression of ZEB1 (L) was downregulated in the metastatic lesions of lymph 
nodes (HE, K), and meanwhile the membranous expression of E-cadherin was regained to a degree (M).
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Differential expression of ZEB1 and E-cadherin 
between primary cervical squamous cell car-
cinomas and their corresponding metastatic 
lesions in lymph nodes

In our study, 47 of the 81 cases were primary 
cervical squamous cell carcinomas with nega-
tive pelvic lymph node metastasis, while 34 
had positive pelvic lymph nodes metastasis. In 
regard to the primary lesions, a significant dif-
ference was observed between these two 
groups with respect to tissue differentiation, 
but no difference was observed with respect to 
age, tumor invasive depth, vascular invasion 
and FIGO stage.

Hematoxylin-eosin staining did not reveal any 
remarkable morphological differences between 
the two groups, and the tumor grade and dif-
ferentiation status of the tumor tissues were 

similar. The expression of ZEB1 and E-cadherin 
in both primary and corresponding metastases 
was then compared. As shown in Table 3, the 
nuclear expression of ZEB1 was observed in 
64.7% (22/34) of primary tumors, and its 
expression rate decreased to 38.2% (13/34)  
in the metastatic lesions (P = 0.03). Moreover, 
E-cadherin was re-expressed in 73.5% (25/34) 
of the metastatic lesions, but no significant  
difference was observed between the primary 
and metastatic lesions (P = 0.131). Repre- 
sentative immunohistochemical images are 
shown in Figure 1K-M.

Correlation among the immunohistochemi-
cal expression patterns of ZEB1, E-cadherin, 
β-catenin and N-cadherin

A correlation analysis demonstrated a signifi-
cant negative correlation between ZEB1 and 

Table 2. Expression of ZEB1, E-cadherin, N-cadherin and β-catenin in primary cervical squamous cell 
carcinoma and their association with the clinicopathologic characters

No. of 
cases ZEB1 ZEB1 N-cadherin β-catenin

Variable 81 Negative
(No.) 44

Positive
(No.) 37

Loss
(No.) 28

Normal
(No.) 53

Negative
(No.) 58

Positive
(No.) 23

Loss 
(No.) 16

Normal
(No.) 65

Differentiation
    Well 14 14 0 0 14 14 0 0 14
    Moderate 51 27 24 13 38 42 9 4 47
    Poor 16 3 13 15 1 2 14 12 4
P-value 0.000﹡ 0.000﹡ 0.000﹡ 0.000﹡
FIGO stage
    IA 3 3 0 0 3 3 0 0 3
    IB 32 19 13 9 23 26 6 4 28
    IIA 25 13 12 13 12 14 11 8 17
    IIB 20 8 12 6 14 14 6 4 16
    III 1 1 0 0 1 1 0 0 1
    IV 0 0 0 0 0 0 0 0 0
P-value 0.255 0.187 0.200 0.330
Invasive depth
    ≤nva 36 19 17 13 23 25 11 8 28
    >1/2 45 25 20 15 30 33 12 8 37
P-value
Vascular invasion
    Negative 49 35 14 12 37 36 13 6 43
    Positive 32 11 21 17 15 19 13 10 22
P-value 0.001﹡ 0.009﹡ 0.187 0.037﹡

Lymph node
    Negative 47 32 15 13 34 35 12 9 38
    Positive 34 12 22 15 19 23 11 7 27
P-value 0.004﹡ 0.127 0.608 0.715
﹡P < 0.05 was regarded as statistically significant.



ZEB1 in cervical squamous cell cancer

11263 Int J Clin Exp Pathol 2015;8(9):11258-11267

E-cadherin expression (Spearman = -0.636, P 
= 0.000) and between ZEB1 and β-catenin 
expression (Spearman = -0.417, P = 0.000). 
Additionally, a significant positive correlation 
was also observed between ZEB1 and N- 
cadherin expression (Spearman = 0.557, P = 
0.000). The data are summarized in Table 4.

Discussion

In this study, we observed that the nuclear 
expression of ZEB1 was significantly up-regulat-
ed in cervical squamous cell carcinoma com-
pared with normal cervical epithelium. The 
abnormal expression of ZEB1 was associated 
with the differentiation status as well as the 
occurrence of vascular invasion and lymph 
node metastasis of the cervical squamous cell 

In contrast to normal cervical epithelium and 
well-differentiated cervical squamous cell car-
cinoma, ZEB1 was aberrantly upregulated in 
moderately and poorly differentiated cervical 
squamous cell carcinoma. It was previously 
reported that ZEB1 is frequently overexpressed 
in undifferentiated endometrial carcinomas 
and in highly aggressive endometrial cancers, 
such as endometrioid adenocarcinomas of 
FIGO grade 3, uterine serous carcinomas, and 
malignant mixed Müllerian tumors [23]. In pros-
tate carcinomas, high ZEB1 expression was sig-
nificantly correlated with a high Gleason score 
[24], which is evaluated according to the differ-
entiation of the tumor tissues. In breast cancer, 
ZEB1 was especially up-regulated in triple-neg-
ative breast cancer and in basal-like breast 
cancer, which are both associated with an 

Figure 2. Expressions of ZEB1, E-cadherin, N-cadherin and β-catenin in normal cervical epithelium, well-differen-
tiated and poorly-differentiated squamous cell carcinoma. Negative staining for ZEB1 (B, G) and N-cadherin (D, I) 
in normal cervical epithelium (HE, A) and well-differentiated squamous cell carcinoma (HE, F), along with positive 
membranous staining for E-cadherin (C, H) and β-catenin (E, J). Positive staining for ZEB1 (L) and N-cadherin (N) 
in poor-differentiated squamous cell carcinoma (HE, K), along with loss expression of membranous staining for E-
cadherin (M) and β-catenin (O) (×400).

Table 3. Expression of ZEB1 and E-cadherin in primary 
cervical squamous cell carcinomas and their correspond-
ing metastases lesions in lymph nodes

Variable
Primary lesion
(No. of cases)

Metastatic lesion
(No. of cases) p-Value

34 34
ZEB1 Negative 12 21 0.03﹡

Positive 22 13
E-cadherin Loss 15 9 0.131

Normal 19 25
﹡P < 0.05 was regarded as statistically significant.

carcinoma tissues. Altered expres-
sion of the EMT-associated markers 
E-cadherin, β-catenin and N-cadherin 
in cervical squamous cell carcinoma 
was also observed, and the expres-
sion of these three markers was relat-
ed to the differentiation status and 
the presence of vascular invasion. 
The correlation analysis showed a  
significant correlation between the 
expression of ZEB1 and the expres-
sion of these three EMT-associated 
markers.
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aggressive tumor phenotype compared with 
other types of breast carcinomas [12]. All of 
these data suggest that nuclear expression of 
ZEB1 is associated with an aggressive tumor 
phenotype. With the exception of ZEB1, we 
observed that the loss of expression of the epi-
thelial markers E-cadherin and β-catenin was 
also associated with the differentiation status 
of our cases, along with the abnormal cytoplas-
mic expression of N-cadherin. A possible rea-
son for this may be that, as an important regu-
lator of cell polarity and differentiation in carci-
nomas, the nuclear expression of ZEB1 causes 
the tumor cells to lose their epithelial charac-
teristics to a certain degree. They then in turn 
acquire mesenchymal characteristics, such as 
a polygonal shape or a decreasein cell adhe-
sion, which leads to greater malignancy and 
aggression of the tumors. The acquisition of 
these mesenchymal characteristics also con-
tributes to the malignant dedifferentiation of 
tumors and to additional metastases.

As expected, in our study, ZEB1 expression was 
significantly upregulated in cervical squamous 
cell carcinomas with vascular invasion and 
lymph node metastasis. Carcinoma cells leave 
the primary site, intravasate into the blood or 
lymphatic vessels, disseminate into a second-
ary site, and ultimately grow as metastatic foci. 
The initial stage of these processes is now 
believed to be associated with EMT, which is 
regulated by the activation of nuclear transcrip-
tional regulators. ZEB1 was found to be highly 
expressed in bone-metastatic squamous cell 
lung cancer tissues and cell lines compared 
with those that were non-metastatic [25]. In 
gastric carcinoma tissue, a larger scope of inva-
sion was correlated with a higher expression of 
ZEB1, and the suppression of ZEB1 expression 

tent with the results of these reports, and indi-
cated that nuclear expression of ZEB1 can 
increase the motility of cervical squamous cell 
carcinoma cells. Nuclear expression of ZEB1 
also endows the tumor cells with an increased 
ability to invade distant sites. Additionally, we 
observed that ZEB1 was especially expressed 
at a strong intensity in the epithelial tumor cells 
at the edge of the tumor cell invasive area; this 
expression was accompanied by reduced mem-
branous expression of E-cadherin and β-catenin 
and upregulated membranous or cytoplasmic 
expression of N-cadherin. In addition, a better 
correlation was observed between the expres-
sion of ZEB1 and the expression of these EMT-
associated markers. The tumor-host interface 
is deemed to be the invasive front of solid 
tumors and often displays different molecular 
and morphologic characteristics from the more 
superficial parts of the same tumor. Tumor cells 
in this area is more easily regulated by EMT, 
may detach from the primary tumor mass to 
invade distant sites, and plays more important 
roles in tumor invasion and metastasis [29, 
30]. To our knowledge, it was reported that 
ZEB1 was immunohistochemically detected at 
the tumor-host interface in colorectal cancer 
and breast cancers [8]. We believe that the 
interface of the parenchyma and the tumor 
stroma contains more prognostic information 
than do the central and superficial parts of the 
same tumor, and thus is a favoredsite of obser-
vation within tumors.

In this study, we also observed the differential 
expression of ZEB1 and E-cadherin between 
the primary and the metastatic lesions. 
Interestingly, the nuclear expression of ZEB1 
was downregulated in the metastatic lesions 
compared with the primary tumors, and a por-

Table 4. Correlation among the immunostaining of ZEB1, E-
cadherin, N-cadherin and β-catenin

Variable No. of 
cases

ZEB1
Spearman P-value

Negative Positive
E-cadherin Loss 28 3 25 -0.636 0.001﹡

Normal 53 41 12
N-cadherin Negative 58 42 16 0.557 0.001﹡

Positive 23 2 21
β-catenin Loss 16 2 14 -0.417 0.001﹡

Normal 65 42 23
﹡P < 0.05 was regarded as statistically significant.

in vitro could significantly reduce 
the invasive and metastatic abil-
ity of the AGS gastric carcinoma 
cell line [26]. The overexpres-
sion of ZEB1 in osteosarcoma 
was also found to be related to 
the metastasis and invasion of 
osteosarcoma [27]. In a recent 
study of cervical cancers, ZEB1 
and another EMT transcription 
factor, SNAI1, were also obs- 
erved to be up-regulated in can-
cers with lymph node metasta-
sis [28]. Our results were consis-
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tion of the tumor cell nests in lymph nodes  
re-expressed E-cadherin in the membrane. 
Similarly, in one study of primary cutaneous 
squamous cell carcinomas, Twist, another EMT 
regulator, was found to be associated with an 
increased metastatic risk and was attenuated 
in lymph node metastases [31]. However, 
according to several studies, the expression 
levels of EMT-associated markers were signifi-
cantly higher in lymph node metastases com-
pared with primary tumors of the lung [32] and 
breast [33]. The author explained that the con-
tradictory results between different studies 
may be due to the activation of organ-specific 
pathways. Another possible explanation is that 
epithelial and mesenchymal cells migrate 
together, and that the preponderance of epithe-
lial markers in metastatic lesions might reflect 
a favorable growth rate for epithelial cells com-
pared with mesenchymal cells [34]. An alterna-
tive hypothesis proposes that cancer cells 
undergo EMT in order to gain a migratory mes-
enchymal phenotype that enables them to 
migrate from the primary tumor to colonize dis-
tant sites, where they then undergo mesenchy-
mal-to-epithelial transition (MET). This process 
enables the growth of metastatic tumors to 
form with the same epithelial characteristics as 
the parent tumor. During growth, the re-expres-
sion of E-cadherin has been suggested to play 
a central role in the establishment of metasta-
ses. It has been proposed that this MET conver-
sion may be common once the tumor cells have 
seeded in the metastatic organ [35]. It is also 
possible that during malignant progression, dif-
ferent inductive tumor microenvironments with-
in the primary and metastatic sites are involved 
and that they regulate the cycling dynamics of 
EMT/MET. Moreover, it was demonstrated that 
in squamous cell carcinoma, some cells that 
have undergone EMT can reverse this process 
through MET, but this ability is not shared by all 
cancer cells that have undergone EMT [36]. 
Thus far, little information has been discovered 
as to the signals that drive MET in cancer, and 
therefore, the phenomenon of MET needs to be 
further explored in additional cases and tumor 
types.

In summary, the overexpression of ZEB1 and 
the downregulation of E-cadherin and β-catenin, 
along with the upregulation of N-cadherin 
expression are closely related to the differenti-
ation status and the invasive capacity of cervi-

cal carcinoma. In cervical carcinoma tissue, 
ZEB1 is highly expressed, which may further 
enhance its regulation of the expression of 
E-cadherin, β-catenin and N-cadherin. This may 
cause an increase in malignancy and invasive-
ness of cervical cancer cells. This study further 
demonstrates the important role of ZEB1, 
E-cadherin, β-catenin and N-cadherin in cervi-
cal carcinoma, which provides a theoretical 
basis for the role of gene therapy in the metas-
tasis of cervical carcinoma. Next, we will fur-
ther explore the possible molecular mechanism 
of ZEB1 up regulation in the metastasis of cer-
vical squamous cell carcinoma.
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