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Abstract. High-risk human papillomavirus (HR-HPV) 
infections are among the most important factors for cervical 
carcinogenesis. However, whether patients infected with 
HR-HPV eventually develop a malignant tumor, largely 
depends on epithelial-mesenchymal transition (EMT), which 
plays an extraordinary role in the process of carcinogenesis 
and metastasis. Therefore, we evaluated the protein levels 
of EMT-related genes in normal cervical squamous epithe-
lium, cervical intraepithelial neoplasia (CIN), and cervical 
squamous cell carcinoma (SCC) by tissue microarray and 
immunohistochemical staining. By comparing the expression 
of EMT-related proteins in 31 cases of cervical tumors and 
tumor adjacent tissues and exploring the relationship between 
HPV16 oncogenes and EMT in vitro, we found that Twist2 
protein levels were significantly higher in CIN and cervical 
cancer than in normal cervical squamous epithelial samples 
(p<0.01 and p<0.001, respectively). This finding corresponded 
with the decreased expression of E-cadherin in cervical cancer. 
The difference in the expression of Twist2 and E-cadherin 
between 31 cases of cervical tumors and tumor adjacent tissues 
was statistically significant (p<0.01). HPV16 oncogenes were 
able to induce morphological alterations in the SiHa cell line, 
upregulate the expression of Twist2 and vimentin, downregu-
late E-cadherin in vitro, and exert an effect on invasion. Thus, 
joint detection of Twist2 and E-cadherin expression can help 

evaluate and provide greater insight into cervical carcinogen-
esis and progression.

Introduction

Cervical cancer is the second leading cause of death among 
women worldwide. High-risk human papillomavirus 
(HR-HPV) infection is one of the major risk factors for 
cervical cancer; in particular, type 16 and 18 HR-HPV are 
responsible for more than 68% of cervical cancer cases (1). 
It has been well demonstrated that HPV persistence and the 
chromosomal rearrangements of two early genes, E6 and 
E7, are critical occurrences in HPV-associated cancers. The 
oncogenes E6 and E7 can disturb the cell cycle by inhibiting 
tumor-suppressor genes, namely p53 and retinoblastoma 
tumor-suppressor protein (pRB), respectively (2-5). E6 binds 
to the central region of p53 and induces its degradation via 
the ubiquitin pathway (6), while E7 protein binds and induces 
the degradation of the growth suppressive form of pRB and 
promotes cell cycle progression by destabilizing the pRb-E2F 
complex. This action of E7 causes persistent activation of 
E2F transcription factors. All of the mechanisms mentioned 
above help HPV evade host immuno-surveillance, allow viral 
persistence, and alter cell cycle and apoptosis control thereby 
facilitating the accumulation of DNA damage or mutations (6). 
Although cervical cancer is intimately related to HPV infec-
tion, not all patients infected with HPV eventually develop 
cervical cancer. HPV has been reported to be a necessary but 
not sufficient cause of cervical cancer. Therefore, the question 
still remains as to what is the critical step in carcinogenesis.

The epithelial-mesenchymal transition has been shown 
to be involved in carcinogenesis, cancer progression and 
cancer metastasis (7-11). Downregulation of E-cadherin has 
been regarded as the vital marker for the loss of connection 
between cells in epithelial-mesenchymal transition (EMT) 
events (10-12). E-cadherin transcription and protein levels can 
be downregulated by EMT-activating transcription factors, 
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such as the Twist family of bHLH factors (Twist1 and Twist2) 
which act as transcription repressors to regulate metastasis. At 
the same time, Twist2 promotes EMT through downregulation 
of E-cadherin in subsets of breast cancer (12-14). Moreover, 
highly expressed Twist2 protein is mainly found in cervical 
intraepithelial neoplasias and cervical squamous cell carci-
noma tissues (13-15).

Recently, studies have confirmed that HPV16 can induce the 
EMT-like process. For example, HPV16 E6/E7-immortalized 
human gingival keratinocytes cells demonstrated EMT-like 
properties (16). Forced expression of HPV16 E7 can mediate 
EMT in the process of cervical carcinogenesis (17,18). 
Caberg et al (19) discovered that silencing of the E7 gene could 
upregulate the expression of E-cadherin. Mühlen et al (20) 
demonstrated that HPV16 E2 activates targets such as ERK1/2, 
AP-1 and MMP-9, suggesting that it plays a role in cancer 
carcinogenesis and metastasis. It remains to be determined 
whether HPV16 E2/E6/E7 induce EMT in cervical cancer 
cells.

In the present study, we used tissue microarray and 
immunohistochemical staining to evaluate the protein levels 
of E-cadherin and Twist2 and found that Twist2 expression 
was gradually increased during the progression from normal 
cervical squamous epithelium to cervical intraepithelial 
neoplasia (CIN) and cervical squamous cell carcinoma. At 
the same time, E-cadherin expression was downregulated. We 
found significant differences in the expression of E-cadherin 
and Twist2 between the 31 cases of cervical tumor tissues and 
tumor adjacent tissues. In addition, we explored the impact of 
HPV16 oncogenes on the EMT process of cervical cancer cells. 
Thus, our results provide novel insight into cervical carcino-
genesis and a new evaluation for cervical cancer progression.

Materials and methods

Cell culture and transfection. The human cervical carcinoma 
SiHa cell line (HPV16-positive) purchased from ATCC, was 
cultured in Dulbecco's modified Eagle's medium (DMEM) 
F12 1:1 medium containing 10% fetal bovine serum (FBS) 
(both from Gibco, Gaithersburg, MD, uSA) and a 100 µg/ml 
penicillin/streptomycin antibiotic mixture at 37˚C with 5% CO2.

Before transfection, the SiHa cells were cultured on 
6-ml dishes in 5 ml of growth medium. The p-CAG-MYC-
HPV16 E2 plasmid, p-CAG-MYC-HPV16 E6 plasmid, 
p-CAG-MYC-HPV16 E7 plasmid and the empty vector were 
donated by Dr Sufang Wu (Shanghai First People's Hospital, 
Shanghai Jiaotong university). After serum starvation for 
24 h, the SiHa cells were transfected with the plasmids using 
Lipofectamine™ 2000 (Invitrogen) according to the manufac-
turers' protocol.

RT-PCR. Total RNA was extracted with TRIzol (Invitrogen). 
For microarray hybridization, cDNA was produced from 2.5 µg 
of total RNA according to the Takara manuscript. Thirty-four 
PCR cycles were used for HPV16 E2, E6, E7, E-cadherin, 
vimentin, Twist2 and 28 PCR cycles for GAPDH. The objec-
tive gene was amplified using appropriate primers (Table I).

Western blot analysis. After the harvested cells were lysed 
and the supernatant was collected, then, 60 µg of protein was 

loaded onto an SDS-PAGE and transferred to polyvinylidene 
fluoride (PVDF) membranes. The membranes were blocked 
with 5% skimmed milk for 1.5 h and incubated overnight 
with one of the following primary antibodies: anti-E-cadherin 
(diluted at 1:500), anti-vimentin (diluted at 1:200), anti-Twist2 
(diluted at 1:500) (all from Abcam) and anti-GAPDH (diluted 
at 1:1,000; Cell Signaling Technology) rabbit polyclonal 
antibody, anti-HPV16 E2 (diluted at 1:500), anti-HPV16 E6 
(diluted at 1:500) (both from Abcam) and anti-HPV16 E7 
(diluted at 1:100; Beijing, Biosynthesis Biotechnology Co.) 
rabbit polyclonal antibody. The reactions were then incubated 
with the appropriate secondary antibody (1:5,000).

Immunofluorescence. A total of 2.5x104 cells were seeded 
on a glass cover in a 24-well microtiter plate for each time 
period. Thirty-six hours after introduction of the plasmids, the 
cells were fixed with 4% paraformaldehyde in PBS, permea-
bilized by incubation with PBS + 0.01% Triton X-100 (Sigma) 
for 5 min, and stained with anti-Twist2 antibody (ab66031; 
Abcam) in PBS + 5% sheep serum for 1 h. The secondary 
antibody was Alexa Fluor 488-conjugated anti-rabbit antibody 
(#A11001; Invitrogen) in PBS + 5% sheep serum. The nuclei 
were counterstained with 4',6-diamidino-2-phenylindole 
(DAPI). Photographs were captured using a Zeiss Axiophot 
fluorescence microscope equipped with Axiovision software 
version 4.6 (Carl Zeiss).

Immunohistochemistry of the tissue microarray. Cervical 
intraepithelial neoplasia tissue microarray (CIN481) and 
cervical squamous cancer tissue microarray (CXC962 and 
utr03-003) were purchased from Shanghai Zuocheng Biology 
Co. containing normal cervical squamous epithelial tissue 
(6 cases), CIN I-II (19 cases), CIN III (11 cases), and cervical 
squamous cell carcinoma tissue (70 cases). There were 31 pairs 
of cervical tumor tissues and tumor adjacent tissues. The tumor 

Table I. Primers used in this study.

Primer Sequence (5' to 3')

E2 F: TCTGTGTTTAGCAGCAACGAA
 R: TAATCCGTCCTTTGTGTGAGC
E6 F: CGACCCAGAAAGTTACCACAGT
 R: AATCCCGAAAAGCAAAGTCATA
E7 F: GAGGAGGAAGATGAAATAGATGG
 R: AACCGAAGCGTAGAGTCACAC
E-cadherin F: TTGCTACTGGAACAGGGACAC
 R: CCCGTGTGTTAGTTCTGCTGT
Vimentin F: AGATGGCCCTTGACATTGAG
 R: CCAGAGGGAGTGAATCCAGA
Twist2 F: ACAAGCTGAGCAAGATCCAGAC
 R: GCTGGTCATCTTATTGTCCATCT
GAPDH F: AGAAGGCTGGGGCTCATTTG
 R: AGGGGCCATCCACAGTCTTC

F, forward; R, reverse.
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tissues were also included in the 70 cases of cervical squamous 
cell carcinoma tissues but the tumor adjacent tissues were not 
included in the 6 cases of normal cervical squamous epithelial 
tissue since they encompassed not only normal cervical tissues 
but also CIN tissues that we did not distinguish.

Immunohistochemistry was performed according to the 
manufacturer's instructions. Rabbit anti-E-cadherin Ab 1:100 
and anti-Twist2 Ab 1:100 were used for staining.

Invasion assay. To perform the invasion assays, the cells 
were plated (105 cells/chamber) in BD BioCoat Matrigel inva-
sion chambers (BD Biosciences). In the upper chamber, the 
medium was supplemented with 2% heat-inactivated FBS. In 
the lower chamber, 20% FBS was used as a chemoattractant. 
After 24 h, the medium was removed and the chambers were 
washed twice with PBS. Non-invading cells were removed 
from the upper surface of the membrane by scrubbing with a 
cotton-tipped swab, and invading cells were fixed with 3.7% 
formaldehyde in PBS for 2 min, washed with PBS twice, 
permeabilized with methanol for 20 min, washed twice with 
PBS, stained with 0.05% crystal violet for 15 min, and washed 
twice with PBS. For each chamber, five fields for each chamber 
were photographed using a digital camera mounted on an 
inverted microscope (magnification, x40) and the invading 
cells were counted in each field.

Evaluation of immunohistochemistry results. The immuno-
histochemistry sections were scored independently by three 

experienced pathologists who had no prior knowledge of the 
patient data. To evaluate the staining results, all areas of each 
sample were examined and only the section with the greatest 
immunoreactivity was selected for quantification. For Twist2, 
cytoplasmic and nuclear immunoreactivity were determined. 
Positive cells had brown granules in the cytoplasm (15). 
Cytoplasmic staining was scored based on the staining intensity 
and percentage of positive cell nuclei. The cytoplasmic expres-
sion of Twist2 and membrane expression of E-cadherin protein 
were assessed by a semi-quantitative method: the sections 
were assessed for the intensity of the staining (0-3) and the 
percentage of positively stained cells (0-3). Index of Twist2 and 
E-cadherin expression was calculated as percentage x inten-
sity of the staining. Therefore, score 0 presents negative (-), 
1-3 serves as weak positive (+), 4-6 as positive (++), and 7-9 as 
strong positive (+++) expression (15-19,21-23).

Statistical analysis. Statistical analyses were performed using 
SPSS 17.0 software. Clinical and histopathologic information 
and the results from the immunohistochemical studies of the 
tissue microarray were entered into a database. The Twist2 and 
E-cadherin expression among different tissues was analyzed 
using the Kruskal-Wallis test and the clinicopathological data 
were analyzed with the Mann-Whitney u test. The differences 
between the 31 pairs of tumor and para-tumor tissues were 
campared using the Wilcoxon's sign rank test. For all of the 
statistical analyses, a two-tailed p-value of ≤0.05 was consid-
ered statistically significant.

Table II. Association between the clinicopathological features and the expression of Twist2 in cervical disease tissues.

 Twist2 expression in cytoplasm
 ------------------------------------------------------------
 - + to +++ Positive rates χ2 P-value

Tissue type    36.938 0.000
  Normal 6 0 0.0%
  CIN I-II 8 11 57.9%
  CIN III 3 8 72.7%
  SCC 3 67 95.5%
  Total (n=106) 20 86
Age (years)    0.220 0.801
  ≤45 13 51 79.7%
  >45 7 35 83.3%
  Total (n=106) 20 86
Differentiation grade of tumor cells    2.178 0.588
  High 0 2 100.0%
  Moderate 1 42 97.7%
  Low 2 23 92.0%
  Total (n=70) 3 67
Lymph node metastasis    0.264 0.521
  Negative 2 53 96.4%
  Positive 1 14 93.3%
  Total (n=70) 3 67

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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Results

Correlation between Twist2 and E-cadherin expression 
and the clinicopathological parameters in all grades of 
cervical disease. To investigate the relationship of Twist2 and 
E-cadherin expression with the pathological characteristics, 
we performed immunohistochemical staining for Twist2 and 
E-cadherin on tissue microarrays, which included 6 cases of 
cervical squamous epithelial tissue, 23 cases of CIN I-II tissue, 
12 cases of CIN III tissue, and 70 cases of cervical squamous 
cell carcinoma tissue. Twist2 expression was mainly located 
in the cytoplasm. The rate of Twist2 expression gradually 
increased from 0% in the normal cervical squamous epithe-
lial to 57.9% in CIN I-II, 72.7% in CIN III and 95.5% in the 
cervical squamous cell carcinoma tissue. The differences 
between the four groups were statistically significant, with 
p-values <0.05. In addition, we found no relationship between 
Twist2 expression and patient age, tumor grade, or lymph node 
metastasis (Table II).

The rate of E-cadherin expression in cervical squamous 
cell carcinoma was 68.6%, which was lower than that in the 
normal cervical squamous epithelial and CIN tissues (p<0.05). 
In contrast to Twist2 expression, we found that the expression 
of E-cadherin was related to lymph node metastasis (p<0.05); 
however, there was no significant relationship with patient age 
or tumor grade (Table III).

Expression of Twist2 and E-cadherin in the progression of 
cervical cancer. To determine whether there was a statisti-

cally significant difference in Twist2 expression between 
each grade of cervical disease, we compared the following 
groups: normal cervical squamous epithelial vs. CIN I-II; 
normal cervical squamous epithelial vs. CIN III; normal 
cervical squamous epithelial vs. squamous cell carcinoma 
(SCC); CIN I-II vs. CIN III; CIN I-II vs. SCC; and CIN III 
vs. SCC. Our results demonstrated statistically significant 
differences in the above groups with the exception of the 
following two pairings: CIN I-II and CIN III, CIN Ⅲ and SCC 
(Tables IV and V, Fig. 1).

We also compared E-cadherin expression in each grade 
of cervical disease using the same comparison groups 
with Twist2. We found statistically significant differ-
ences in all pairs, except for the CIN I-II and CIN III pair 
(Tables VI and VII, Fig. 1).

The difference in Twist2 and E-cadherin expression between 
cervical tumor and tumor adjacent tissues. To evaluate the 
potential metastasis of cervical cancer, we analyzed the expres-
sion of Twist2 and E-cadherin in 31 pairs of cervical tumor 
tissues and tumor adjacent tissues. In the cervical tumor tissues, 
the rate of E-cadherin expression was 77.4% (24/31), which was 
lower than the rate of 96.8% (for 30/31) in the tumor adjacent 
tissues (p<0.05). In addition, the rate of Twist2 expression in 
tumor tissues (96.8% 30/31) was higher than that in the tumor 
adjacent tissues (51.6% 16/31), (p<0.05) (Tables VIII and IX, 
Fig. 2). In addition, we found that the difference in E-cadherin 
expression between the cervical tumor and tumor adjacent 
tissues was statistically significant (Z=-4.602, p<0.05); the 

Table III. Association between the clinicopathological features and the expression of E-cadherin in cervical disease tissues.

 E-cadherin expression in membrane
 ---------------------------------------------------------------------
 - + to +++ Positive rate χ2 P-value

Tissue type    14.156 0.001
  Normal 0 6 100.0%
  CIN I-II 0 19 100.0%
  CIN III 0 11 100.0%
  SCC 22 48 68.6%
  Total (n=106) 22 84
Age (years)    1.25 0.264
  ≤45 11 53 82.8%
  >45 11 31 73.8%
  Total (n=106) 22 84
Differentiation of tumor cells    3.802 0.148
  High 1 1 50.0%
  Moderate 10 33 76.7%
  Low 11 14 56.0%
  Total (n=70) 22 48
Lymph node metastasis    7.231 0.007
  Negative 13 42 76.4%
  Positive 9 6 40.0%
  Total (n=70) 22 48

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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Table V. Difference in the expression of Twist2 between the 
groups of cervical tissues.

Tissue groups compared Z P-value

Normal CIN I-II 2.766 0.011
 CIN III 2.389 0.037
 SCC 3.174 0.002
CIN I-II CIN III -0.652 0.553
 SCC 5.027 0.000
CIN III SCC 1.674 0.094

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Table VI. Protein expression of E-cadherin in various lesions 
of cervical squamous epithelial.

 E-cadherin expression
 in membrane
 -------------------------------------
 - + ++ +++ Total H P-value

Tissue group      18.776 0.000
  Normal 0 0 0 6 6
  CIN I-II 0 2 11 6 19
  CIN III 0 4 3 4 11
  SCC 22 16 16 16 70
  Total 22 22 30 32 106

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Table IV. Protein expression of Twist2 in various lesions of 
cervical squamous epithelial.

 Twist2 expression
 in cytoplasm
 ------------------------------------
 - + ++ +++ Total H P-value

Tissue group      31.738 0.000
  Normal 6 0 0 0 6
  CIN I-II 8 4 6 1 19
  CIN III 3 7 0 1 11
  SCC 3 18 33 16 70
  Total 20 29 39 18 106

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Table VII. Difference in the expression of E-cadherin between 
the groups of cervical tissues.

Tissue groups compared Z P-value

Normal CIN I-II 2.336 0.036
 CIN III 2.724 0.015
 SCC 4.095 0.000
CIN I-II CIN III 0.182 0.856
 SCC 4.095 0.000
CIN III SCC 3.420 0.001

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Figure 1. Immunohistochemical expression of Twist2 and E-cadherin in all grades of cervical disease (magnification, x400). (A) The expression of E-cadherin 
in normal cervical squamous epithelial tissue. (B) The expression of E-cadherin in cervical intraepithelial neoplasia (CIN) I-II. (C) The expression of 
E-cadherin in CIN III. (D) The expression of E-cadherin in cervical squamous cell carcinoma. (E) The expression of Twist2 in normal cervical squamous 
epithelial tissue. (F) The expression of E-cadherin in CIN I-II. (G) The expression of E-cadherin in CIN III. (H) The expression of E-cadherin in cervical 
squamous cell carcinoma.



LIu et al:  INDICATIVE FuNCTION OF Twist2 AND E-cadherin IN EMT644

same result was found when evaluating Twist2 expression 
(Z=-3.383, p<0.05) (Table X and XI).

HPV16 oncogenes induce EMT cell morphological alterations 
of SiHa cells in vitro. Above we described the clinical signifi-

Figure 2. Expression of Twist2 and E-cadherin in 31 pairs of cervical tumor and tumor adjacent tissues (magnification, x400). (A) The expression of E-cadherin 
in cervical squamous cell carcinoma. (B) The expression of E-cadherin in normal squamous epithelial tissue adjacent to cervical squamous cell carcinoma. 
(C) The expression of Twist2 in cervical squamous cell carcinoma. (D) The expression of Twist2 in normal squamous epithelial tissue adjacent to cervical 
squamous cell carcinoma.

Table VIII. Expression of E-cadherin in 31 pairs of cervical tumor and tumor adjacent tissues.

 E-cadherin expression in membrane
 ---------------------------------------------------------------------------
 - + ++ +++ Total Z P-value

Pairs of cervical disease tissue      -3.172 0.001
  SCC 7 8   8   8 31
  Para-SCC 1 0 15 15 31
  Total 8 8 23 23 62

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Table ΙΧ. Expression of Twist2 in 31 pairs of cervical tumor and tumor adjacent tissues.

 Twist2 expression in cytoplasm
 ------------------------------------------------------------------------------
 - + ++ +++ Total Z P-value

Pairs of cervical disease tissue      -5.662 0.000
  SCC   1   4   8 18 31
  Para-SCC 15 10   6   0 31
  Total 16 14 14 18 62

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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cance of Twist2 and E-cadherin expression in the progression 
of cervical cancer. We next aimed to identify if HPV16 
oncogenes affect the EMT process. Firstly, we transfected 
HPV16 E2/E6/E7 into SiHa cells in vitro, for 24 and 48 h, 
respectively, to investigate whether the cellular morphology 
is able to be altered due to the overexpression of HPV16 
oncogenes. Compared with the vector group, cells transfected 
with the target genes became elongated, spindle-shaped and 
scattered and adopted a fibroblast-like morphology. Moreover, 
the intracellular gap was wider than the vector control. The 
transition was even more obvious when cells were transfected 
for 48 h (Figs. 3 and 4).

HPV16 oncogenes upregulate the expression of Twist2 and 
vimentin and downregulate E-cadherin in vitro. To validate 
the effect of HPV16 oncogenes on Twist2 and vimentin, the 
most important genes controlling EMT in cervical cancer, we 
applied RT-PCR and western blotting, to detect their mRNA 

and protein levels, respectively. Fig. 5 demonstrates that both 
the mRNA and protein levels of Twist2 and vimentin were 
significantly elevated upon HPV16 E2/E6/E7 overexpression. 
In contrast, the HPV16 E2/E6/E7 genes downregulated the 
mRNA and protein levels of E-cadherin (Fig. 5).

HPV16 E2 promotes cytonuclear translocation of Twist2. To 
explore whether HPV16 genes affect cytonuclear translocation 
of the Twist2 protein, we performed an immunofluorescence 
assay in SiHa cells. When the SiHa cells were transfected 
with the HPV16E2 gene, the nuclear Twist2 protein level 
was elevated, and the cytoplasmic Twist2 level was some-
what decreased. However, when the E6 and E7 genes were 
transfected into the SiHa cells, no significant change was 
observed in the distribution of Twist2 in the cytoplasm and 
nucleus (Fig. 6). This intriguing result may indicate that 
Twist2 may, in some degree, help Twist2 translocate from the 
cytoplasm to the nucleus.

Figure 3. Morphological alterations in the SiHa cells 24 h after the transfection of HPV16 E2/E6/E7 (magnification, x200). (A) Control group: cells transfected 
with vector, (B) cells transfected with P-CAG-MYC-HPV16 E2, (C) cells transfected with P-CAG-MYC-HPV16 E6, (D) cells transfected with P-CAG-
MYC-HPV16 E7. The morphological alterations are indicated by the arrows.

Table X. Difference in the expression of Twist2 between tumor 
and tumor adjacent tissue.

 Para tumor-tumor

Z -4.602a

Exact Sig. (two-tailed) 0.000

aWilcoxon signed ranks test.

Table ΧΙ. Difference in the expression of E-cadherin between 
tumor and tumor adjacent tissue.

 Para tumor-tumor

Z -3.383a

Exact Sig. (two-tailed) 0.000

aWilcoxon signed ranks test
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Promoting effect of HPV16 oncogenes on the invasion of SiHa 
cells. We then investigated whether treatment with HPV16 
oncogenes promotes the invasion of SiHa cell lines using 
Matrigel-coated Boyden chambers. First, SiHa cells were 
introduced with P-CAG-MYC, P-CAG-MYC-HPV16 E2, 
P-CAG-MYC-HPV16 E6, and P-CAG-MYC-HPV16 E7 
plasmids. After 24 h, the HPV16 E2/E6/E7-treated SiHa cells 
were markedly more invasive than their untreated counter-
parts (p<0.05) (Fig. 7).

Discussion

It has been proposed that tumor cells lose homotypic adhesion, 
change morphology, and acquire migratory capacity to become 
‘invasive’ through the activation of an evolutionarily conserved 
developmental process known as epithelial-mesenchymal 
transition (EMT) (24,25). It is well known that epithelial-
mesenchymal transition is closely involved in carcinogenesis, 
invasion, metastasis, recurrence and chemoresistance (7-14). 
Some molecular changes are reported to be found in the 
EMT process, including the following: i) decreasing expres-
sion of epithelial markers, such as E-cadherin; ii) increasing 
expression of mesenchymal-related proteins, such as vimentin; 
iii) cytoskeleton rearrangement mediated by Rho small 
GTPases; and iv) upregulation and nuclear translocation of 
transcription factors, such as Twist2, Snail and Zeb (14).

The transcription factors Twist2 and Twist1 are vital 
members of the basic helix-loop-helix (bHLH) family. Both of 
these molecules are able to bind to the E-boxes of E-cadherin 
to repress the expression of the CDH1 (E-cadherin) gene and 
induce the EMT process (13,14,23). Recently, a great deal of 
effort has been made in investigating whether Twist2 is an 

effective biomarker with which to predict and evaluate cancer 
progression. Gasparotto et al (26) confirmed that overexpres-
sion of Twist2 is intimately related to the poor prognosis 
of patients with head and neck squamous cell carcinoma. 
Li et al (15) found that upregulation of Twist2, in combina-
tion with aberrant E-cadherin expression in primary cervical 
cancer tissues, may indicate malignant transformation and 
distant metastasis.

It has been suggested that the Twist2 protein is located 
in both the cytoplasm and nucleus (15,27). In the present 
study, we did not evaluate the 7 cases in which Twist2 was 
located mainly in the nucleus, which mostly was noted in the 
normal cervical squamous epithelial and CIN I-II tissues. 
We primarily focused on cytoplasmic staining. This analysis 
demonstrated that Twist2 staining was gradually increased 
from 0% in normal cervical squamous epithelial to 57.9% in 
CIN I-II (mild to moderate atypical hyperplasia ), 72.7% in 
CIN III (severe atypical hyperplasia or carcinoma in situ) and 
95.5% in cervical squamous cell carcinoma. This intriguing 
finding indicates that Twist2 upregulation is a possible predic-
tive indicator of the malignant potential for cervical disease. 
Moreover, the expression of Twist2 could also partly be valu-
able for evaluating the grades of cervical lesions, although there 
was no statistical significance between CIN I-II and CIN III 
(p>0.05), or CIN III and SCC (CIN III only 11 cases) (p>0.05).

It is known that a reduction in the epithelial adhesion 
protein E-cadherin and an increase in N-cadherin and the 
mesenchymal intermediate filament protein vimentin mark 
the EMT process (17). A similar pattern was observed in a 
study performed by Myong et al (28). In this study it was 
proven that E-cadherin and vimentin were effective indica-
tors of EMT in evaluating cervical cancer progression by 

Figure 4. Morphological alterations of the SiHa cells 48 h after the transfection of HPV16 E2/E6/E7 (magnification, x200). (A) Control group: cells transfected 
with vector, (B) cells transfected with P-CAG-MYC-HPV16 E2, (C) cells transfected with P-CAG-MYC-HPV16 E6, (D) cells transfected with P-CAG-
MYC-HPV16 E7. The morphological alterations are indicated by the arrows.
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Figure 6. Localization of Twist2 in the SiHa cell line. Immunofluorescence micrographs show the location of Twist2 in the SiHa cells, HPV E2 plasmid-
introduced SiHa cells, HPV E6 plasmid-introduced SiHa cells and HPV E7 plasmid-introduced SiHa cells, respectively. Ovals mark the zones of Twist2 
expression, which indicated a significantly higher intensity in the nucleus compared with the cytoplasm. Original magnification, x400.

Figure 5. Expression of epithelial-mesenchymal transition (EMT) markers in SiHa cells: (A and B) The p-CAG-MYC-HPV16 E2/E6/E7 plasmids were 
successfully transfected into SiHa cells both at the mRNA and protein levels. HPV16 E2/E6/E7 influenced the expression of EMT indicators: upregulating 
the expression of Twist2 and vimentin while downregulating the expression of E-cadherin both at the mRNA and protein levels. *P<0.05, compared with the 
SiHa-blank group. 
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immunohistochemical staining. In the present study, although 
the expression of E-cadherin could not be differentiated between 
CIN I-II and CIN III (p>0.05), it is still quite obvious that the 
expression of E-cadherin in cervical cancer tissues was lower 
than that in normal cervical squamous epithelial and cervical 
squamous cell carcinoma tissues. Cancer cells can convert 
to the epithelial state through the process of mesenchymal 
to epithelial transition (MET), which is highly indicative of 
the reversibility of EMT (29). This reversible process allows 
gene expression to be rapidly switched according to devel-
opmental and micro-environmental signals. A hybrid cell 
which contains both epithelial and mesenchymal traits can be 
generated by incomplete EMT into an epithelial cell (30). This 
may account for the reason why there was no significant differ-
ence in Twist2 expression between the CIN I-II and CIN III, 
or CIN III and SCC tissues and why there was no significant 
difference in E-cadherin expression between the CIN I-II and 
CIN III tissues in the immunohistochemical staining. The 
limited number of cases of immunohistochemistry samples 
may be another reason.

Lee et al (31) and Hsu et al (32) demonstrated that EMT 
is intimately related to the invasion of cervical cancer and 
particularly the progression of malignant tumors through 
clinical tissue observations. It is believed that EMT plays a 
vital role in the intravasation of cells into the vascellum as 
well as the lymph vessels, thus shaping micrometastases as the 
most essential process during EMT is the degradation of the 
basal membrane (29). Needless to say, it is widely believed that 
EMT plays an indispensable role during the process of cancer 
malignant metastasis (7-14,23,26-28). In the present study, 
we found that E-cadherin expression was lower in the tumor 
tissues than that in the tumor adjacent tissues (p<0.05), and 
Twist2 expression was higher in tumor tissues than that in the 
tumor adjacent tissues (p<0.05) (Tables VIII and IX, Fig. 2). 
In addition, the difference in the expression of Twist2 between 
the tumor tissues and tumor adjacent tissues was statistically 
significant (Z=-4.602, p<0.05); the same was true for the 
difference in E-cadherin expression (Z=-3.383, p<0.05). Based 
on the multiple anti-proliferative functions, anti-invasion and 
anti-metastasis properties of E-cadherin, the loss of E-cadherin 

Figure 7. Effect of E2, E6, E7 on the invasive capability of SiHa cells. Microphotographs show representative fields from the Giemsa-stained lower membranes 
of the Boyden chambers: (A) SiHa-blank, (B) SiHa-E2, (C) SiHa-E6 and (D) SiHa-E7 cell groups. (E) Histogram shows the number of untreated and E2, E6, 
E7 plasmids-treated cells (expressed as a percentage of the untreated cells assigned as 100). *P<0.05, compared with the SiHa-blank group.
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tends to enhance the metastatic diffusion in a large number of 
cancer types (33). There are several mechanisms involved in 
the loss of E-cadherin, such as genetic mutation, epigenetic 
silencing and transcription repression (14). By evaluating the 
differences in the expression of Twist2 and E-cadherin at the 
same time between 31 pairs of cervical tumor and tumor adja-
cent tissues, we were able to demonstrate that joint detection of 
the expression of Twist2 and E-cadherin could better predict 
cervical carcinogenesis and progression.

Previous studies have suggested that high-risk HPV oncop-
roteins may contribute to EMT. Recently, studies have reported 
that HPV16 oncogenes are correlated with the EMT process 
during cervical progression and metastasis. Jung et al (34) 
found that HPV16 induces EMT-like processes via induction 
of EMT transcription factors which may contribute to tumor 
progression and metastasis. HPV18 E6 expression was found 
to be correlated with a fibroblastoid morphology in SV40-
immortalized human keratinocytes (35). A microarray analysis 
suggested that the modulation of a great number of genes are 
involved in keratinocyte differentiation and EMT mediated by 
HPV16 E6 (36). In addition, Hellner et al (17) reported that 
the oncogenic HPV16 E7 protein in normal human epithelial 
cells leads to increased levels of vimentin as well as reduced 
levels of the epithelial adhesion protein E-cadherin. In the 
present study, HPV16 E6/E7 induced the morphological 
conversion of SiHa cells from a cobblestone-shaped epithe-
lium-like phenotype to a spindle-shaped mesenchyme-like 
phenotype. Corresponding to the morphological alterations, 
HPV16 E6/E7 also influenced the expression of EMT-relative 
indicators, such as upregulation of Twist2 and vimentin and 
downregulation of E-cadherin. It is worth noting that these 
results were also manifested in the SiHa cells transfected 
with the HPV16 E2 plasmid. The HPV16 E2 protein is a 
multifunctional DNA-binding transcription factor that plays a 
pivotal role in transcriptional regulation and viral DNA repli-
cation. In addition, this protein modulates host cells through 
direct protein interactions (37-41) and is therefore potentially 
responsible for HPV-induced carcinogenesis (42). According 
to our results, HPV16 E2 may induce Twist2 translocation 
from the cytoplasm to the nucleus to fully exert its function 
as a transcription factor (Fig. 6). Since Twist2 serves as a tran-
scription factor which binds to the E-boxes of E-cadherin to 
repress its expression and induce the EMT process (13,14,23), 
our findings indicate that the HPV oncogene E2 can actu-
ally upregulate the expression of Twist2 and downregulate 
E-cadherin. We then speculated that Twist2 may pass through 
the nuclear envelope to interact with HPV E2 and continue 
to extend the function of E-cadherin suppression and EMT 
induction. While the mechanism of E-cadherin downregula-
tion in HPV16 E2/E6/E7-transfected SiHa cells remains to be 
explored, our results are similar to a recent investigation that 
demonstrated that E-cadherin expression was preserved when 
HPV16 E7 was silenced by siRNA in HPV16-transformed 
human keratinocytes, irrespective of the transcription factors 
slug and snail (19). Moreover, in the present study, we found 
that HPV16 oncogenes could promote the invasive ability of 
SiHa cells in vitro. This once again identified a new metastatic 
potential of HPV16 oncogenes in cervical carcinogenesis. 
Thus, we believe that HPV16 oncogenes can actually induce 
EMT-like processes which may contribute to cancer carci-

nogenesis and progression. However, the specific mechanism 
remains to be elucidated.

In conclusion, we demonstrated that joint detection of 
Twist2 and E-cadherin expression can be used to predict 
and evaluate carcinogenesis and progression of cervical 
cancer. HPV16 oncogenes can induce EMT-like processes in 
SiHa cells and contribute to the EMT process via regulating 
the expression of Twist2, E-cadherin and vimentin. These 
results provide new insight into the mechanism of cervical 
carcinogenesis and progression. In addition, joint detection of 
E-cadherin and Twist2 expression could aid in distinguishing 
and diagnosing early stage cervical cancer to improve the 
survival rate of cervical cancer patients.
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