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Abstract

Purpose: Epithelial-mesenchymal transition (EMT), TP53, and Podoplanin have been implicated in the tumorigenesis
and metastasis of human cancers. Nevertheless, the clinical significance of these markers in cancer patients is still not
clear. In this study, we sought to determine the prognostic values of Vimentin, TP53, and Podoplanin in patients with

cervical cancer.

Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) and Western blot analysis were performed to
determine the messenger RNA and protein expression levels of Vimentin, TP53, and Podoplanin, respectively, in cervi-
cal squamous cell carcinoma and adjacent normal cervical tissues. Additionally, the expression levels of Podoplanin
were also measured in 130 cervical cancer patients (FIGO stages Ib1-1la2) using immunohistochemistry (IHC) staining.

Results: The mRNA expression levels of Vimentin, TP53, and Podoplanin were considerably elevated in cervical
cancer tissues, compared with those in the adjacent normal cervical tissues. Additionally, the protein expression
levels of Vimentin were closely correlated with the age of onset (P = 0.007), lymph node metastasis (P = 0.007), lym-
phatic invasion (P = 0.024), disease recurrence (P < 0.001), and the clinical prognosis of patients with cervical cancer
(P < 0.001). Our multivariate analysis also suggests that Vimentin is an independent marker for survival in cervical
cancer patients. Furthermore, the expression levels of Vimentin are negatively correlated with the proliferation marker

Ki67 expression.

Conclusions: Our data show that Vimentin can serve as an independent prognostic marker for cervical cancer

patients with primary surgery.

Registration number ChiCTR-TRC-06000236 Registered 15 December 2006
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Background

With approximately 470,000 new cases and 233,000
deaths each year, cervical cancer is one of the most com-
mon cancers found in women globally [1]. 85% of these
cases and deaths occurred in developing countries,
including China [2]. The malignant transformation of
human cells is characterised by their capacity to invade
neighbouring tissues and metastasize to distant organs.
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Cancer invasion and metastasis are associated with a
physiological process, epithelial-mesenchymal transition
(EMT), by which epithelial cells lose their cell polarity
and cell—-cell adhesion, and gain a mesenchymal pheno-
type [3]. EMT plays a considerable role in normal embry-
onic development as well as wound healing. It allows
epithelial cells to undergo dramatic morphological and
biochemical changes, which results in the loss of cell—cell
and cell-extracellular matrix connections and enables
the cells to migrate to other organs in the body through-
out the physiological process of tissue maintenance and
repair [4]. Notably, EMT plays a fundamental role in
the disease progression including the acquisition of the
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invasive and metastatic potentials for not only head and
neck squamous cancer cells but also breast and hepatic
cancer cells [3, 5-7]. The loss of epithelial phenotype and
gaining of mesenchymal properties enable cancer cells to
spread to distant organs of the body at a much faster pace
[8, 9]. Vimentin is a key protein that composes the inter-
stitial cell skeleton. Its expression level is upregulated
during EMT and closely correlated with cancer invasion
and metastasis [7, 10]. Additionally, Vimentin has also
been involved in cell cycle regulation and adhesion [11],
which further validates its role in the development and
progression of human cancers.

Our previous studies have shown that cervical cancer
stem-like cells, which are extremely resistant to chemo-
radiotherapy, play a crucial role in contributing to the
mechanism of metastasis in human cervical cancer. We
demonstrated that cervical cancer stem-like cells exhibit
typical EMT features, including upregulated expression
of EMT-related genes such as Vimentin, Twist 1, Twist 2,
Snail 1 and Snail 2 and the potential to migrate through
the basal membrane [12]. Intriguingly, Vimentin has also
been reported to form a complex with TP53 in the cyto-
plasm and then suppress the translocation of TP53 into
the nucleus, thereby inhibiting the function of TP53 in
promoting apoptosis [13]. These findings suggest that
TP53 also plays an important role in the EMT pathway.

TP53 is a tumour suppressor nuclear protein that
exerts its anti-cancer function by inhibiting cell cycle
progression [14]. Compared with wild-type TP53,
mutant TP53 exhibits a longer half-life and is localized in
the nucleus, allowing us to readily examine its expression
using immunohistochemistry (IHC). Consistently, previ-
ous reports have suggested a strong correlation between
TP53 mutations and immunohistochemical detection of
TP53 nuclear reactivity in human cancer tissues. TP53
mutations are undoubtedly involved in the development
and progression of human cancers. However, the clini-
cal prognostic values of TP53 mutations in cervical can-
cer remains controversial [15]. It has been suggested that
TP53 overexpression is correlated with an unfavourable
prognosis in cervical cancer patients [16, 17]. Neverthe-
less, other groups have also reported that TP53 muta-
tions do not display important prognostic values in the
management of cervical cancer patients [18, 19].

Invasion and migration of cancer cells into the nearby
tissues as well as their ingress into the microvasculature
of the lymphatic system are crucial steps for the lym-
phatic dissemination of malignant tumours [20]. Podo-
planin, a small membrane mucin-like type I glycoprotein,
is well expressed in lymphatic endothelial cells, but not in
blood vessel endothelium. Thus, it has been widely used
as a specific marker for lymphatic endothelial cells and
lymphangiogenesis in various species [21]. Podoplanin
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forms a complex with ezrin/moesin of the Ezrin, Radixin
and Moesin protein family through the interaction of its
cytoplasmic domain with the cytoskeleton protein, actin.
This interaction enables Podoplanin to activate GTPase
RhoA and its related RhoA-linked kinase, thereby pro-
moting EMT [22]. However, Wicki et al. have also
reported that Podoplanin can activate the rearrangement
of the cytoskeleton protein, actin, thereby promoting
tumour cell migration in the absence of the involvement
of EMT [23].

In this study, we aimed to investigate the clinicopatho-
logic properties of the expression of Vimentin, TP53 and
Podoplanin in human cervical cancer tissues. Our find-
ings will reveal the prognostic values of these protein
markers in cervical cancer patients and may provide
important guidelines for the management of the patients
in the future.

Materials and methods

Clinical samples

130 cervical cancer tissues collected in the Obstetrics
and Gynecology Hospital of Fudan University (Shang-
hai, China) between November 2007 and December
2012 were analysed to determine the clinical staging and
clinicopathological characteristics of the cervical can-
cers. All protocols were carried out in accordance with
the altered International Federation of Gynecology and
Obstetrics staging system (FIGO) regarding cervical can-
cer published in 2009. All patients enrolled in this study
were diagnosed with only gynaecological tumour(s).
Additionally, they did not received preoperative radio-
therapy, chemotherapy, or hormonal therapy. Following
the surgery, 93 patients underwent adjuvant radiotherapy
and (or) chemotherapy. All participants of this study pro-
vided their written informed consent regarding the use of
the clinical materials for the research we described here.
Additionally, this study was approved by the Research
Ethics Committee of Fudan University, Shanghai, China.
In accordance with the ethical and legal standards, all
of the samples were rendered anonymous by removing
all identifiers. The patients’ characteristics related to the
samples have been illustrated in Table 1. The follow-up
time in respect of the initial cervical cancer group fell
between the ranges from 18 to 89 months, whereas the
median follow-up time was 53.2 months.

Table 1 Primer sequences used for RT-PCR in this study

Name Forward primer sequence Reverse primer sequence
Vimentin CCAGGCAAAGCAGGAGTC GGGTATCAACCAGAGGGAGT
TP53 ACCCAGGTCCAGATGAAG CACTCGGATAAGATGCTGA
Podoplanin  CCAGGAGAGCAACAACTCAA TCCTCATGTTTGTGCAGGAG
GAPDH ATCATCCCTGCCTCTACTGG  CCCTCCGACGCCTGCTTCAC
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Quantitative real-time-polymerase chain reaction
(qQRT-PCR)

Total RNA was purified from cervical cancer tissues as
well as from surrounding normal cervical tissues using the
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol. The concentration of the
purified RNA was measured with a NanoDrop ND-1000
spectrophotometer (Thermo Scientific, Wilmington, DE,
USA). Following the first-strand ¢cDNA synthesis with
the Reverse Transcription Kit (Invitrogen), qRT-PCR was
performed using the SYBR real-time PCR Kit (Invitrogen)
according to the manufacturer’s protocol. The primers
used in the PCR amplification were listed in Table 1.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues were sec-
tioned to a thickness of 4 pum, mounted onto glass
slides, deparaffinized with xylene and then rehydrated
through the graded ethanol series (100, 95 and 70%) to
deionized H20O. The expression of Vimentin, TP53, and
Podoplanin was determined with IHC staining. The anti-
bodies used in the IHC staining included mouse mono-
clonal antibodies against Vimentin (dilution 1: 200; Dako,
Denmark), TP53 rabbit monoclonal antibody (1:100
dilution, Carpinteria, CA), and mouse monoclonal anti-
body against Podoplanin (1:100 dilution, Dako). Briefly,
retrieval of antigens was done through steam heat for
20 min in a 0.01 M trisodium citrate buffer (pH 6.0). The
slides were then immersed in the ChemMate peroxidase-
blocking solution (Dako) for 10 min at room temperature
to block endogenous peroxidase activity. The samples
were subjected to immunostaining with primary anti-
bodies for 2 h, followed by incubation with HRP-labeled
anti-mouse or anti-rabbit secondary antibodies. Visuali-
zation of immunoreactive proteins was carried out using
3,3-diaminobenzidine (Sigma-Aldrich) as chromogen
and nuclei were counterstained with Mayer’s hematoxy-
lin. Following dehydration through an ethanol series (70,
90 and 100%), the slides were mounted and evaluated
by two pathologists (S.L. and C.W.) independently as
described below. To assess the quality control of our IHC
staining protocol, normal cervical tissue staining and an
isotype control (Dako) were used as positive and negative
controls, respectively.

Two pathologists (S.L. and C.W.) who were unaware
of the clinical data as well as other immunohistochemi-
cal findings carried out semiquantitative evaluation
of the slides. When there were differences in scoring, a
consensus was reached through discussion between the
two pathologists. The expression levels and subcellular
localization of Vimentin, TP53, and Podoplanin were
determined using the positive and negative controls as
a reference. At least 1000 cells in five randomly chosen
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areas of the tumour tissues were analysed in each section
at a x400 magnification to obtain the labelling indices
(percentage of positive cells).

Vimentin expression was scored as positive when cyto-
plasmic or nuclear staining of the cells was observed in
greater than 10% of the tumor tissues [24]. Tumor tissues
with a positive immunohistological staining of at least
50% of tumor cells were defined to have positive TP53
expression [18, 25]. Podoplanin expression was consid-
ered positive when there was moderate or strong immu-
noreaction in more than 10% of the cells [26].

Statistical analysis

Statistical analysis was carried out using SPSS version
19.0 software (SPSS Inc., Chicago, Ill., USA. Disease-free
survival was defined as the interval falling between the
date of surgery and the date of tumor recurrence or the
date of the most recent follow-up with no proof of tumor
recurrence. At the time of the previous visit for regular
follow-ups, a censor was performed on overall survival
time. Chi squared test or Fisher’s exact test was per-
formed to compare the difference between groups. Cox’s
proportional hazards model was built to calculate the risk
ratios and their corresponding 95% confidence intervals
(CIs). The associations of the gene expression with dis-
ease-free and overall survival was evaluated based on the
Univariate and multivariate Cox’s proportional hazards
models. Survival rates were estimated using the Kaplan—
Meier method and log-rank test. The results were consid-
ered statistically significant, when P values are less than
0.05.

Results

Patient demographics

In order to evaluate the expression of Vimentin, TP53,
and Podoplanin, 130 samples from cervical cancer
patients were used in this study. The clinicopathological
characteristics of the patients are presented in Table 1.
The patients have a median age at 48 years old, ranging
from 28 to 70 years. According to the 2009 FIGO criteria,
the patients were diagnosed with cervical cancers of dif-
ferent clinical stages: stage Ib1 (57.7%), stage 1b2 (10.7%),
stage IIal (23.1%), and stage IIa2 (8.5%). Additionally, the
patients had cervical cancers of different degrees of dif-
ferentiation: well differentiated (11 cases), moderately
differentiated (97 cases), and poorly differentiated (22
cases). A total of 22 patients had lymph node metastases,
while the other 108 patients did not.

The mRNA expression of Vimentin, TP53, and Podoplanin
in cervical cancer

The mRNA expression levels of Vimentin, TP53, and
Podoplanin were examined using qRT-PCR in cervical
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cancer tissues and surrounding normal cervical tissues
from fifteen randomly selected cases of cervical cancer
patients. Our results demonstrated that cervical cancer tis-
sues exhibit considerably higher mRNA expression levels
of Vimentin, TP53, and Podoplanin than the normal tis-
sues (P < 0.05; Fig. 1).

The expression of Vimentin, TP53 and Podoplanin

in cervical cancers

In order to examine the expression of Vimentin, TP53
and Podoplanin in cervical cancer, IHC analysis was
performed as described in the “Materials and methods”.
Representative images defined as positive staining of the
three proteins were shown in Fig. 2. Cells with positive
Vimentin expression display yellow or brown granules
in the cytoplasm that are close to the membrane. The
presence of yellow or brown granules in the nucleus and
cytoplasm of cancer cells is indicative of positive TP53
expression. On the other hand, Podoplanin is expressed
primarily in the cytoplasm as well as on the plasma mem-
brane of the tumour cells (Fig. 2).

The association of the expression of Vimentin,

TP53 and Podoplanin with the clinicopathological
characteristics of cervical cancer

We next investigated whether the expression of Vimen-
tin, TP53, and Podoplanin is correlated with several
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clinicopathological features in cervical cancer. Our data
showed that Vimentin expression is considerably associ-
ated with the onset age (P = 0.007), lymph node metas-
tasis (P = 0.007), lymphatic invasion (P = 0.024), disease
recurrence (P < 0.001), and the clinical prognosis of
patients (P < 0.001) (Table 2).

Similarly, a significant association was observed
between the expression of TP53, and tumour size
(P = 0.037), vascular space involvement (P < 0.0001), dis-
ease recurrence (P = 0.006) and the clinical prognosis of
cervical cancer patients (P = 0.001) (Table 2).

Moreover, Positive staining of Podoplanin was also sig-
nificantly correlated with onset age (P < 0.0001), lymph
node metastasis (P = 0.028), vascular space involve-
ment (P < 0.0001), lymphatic invasion (P < 0.0001), deep
stromal invasion (P = 0.007), positive parametrium
(P = 0.029), disease recurrence (P = 0.006), and the clini-
cal prognosis of patients (P = 0.004) (Table 2).

The association of the expression of Vimentin, TP53

and Podoplanin with the proliferation of cervical cancer

In order to investigate whether there is a link between
the expression of these three protein biomarkers and
the proliferation of cervical cancer, we next examined
the correlation of the expression of Vimentin, TP53 or
Podoplanin with Ki67, a cellular marker for proliferation
(Table 2). We found that Vimentin expression is closely
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mary tumors central area (x 200)

Fig. 2 Exemplary photographs of Vimentin (A), tumor protein P53 (TP53) (B), Ki67 (C) and Podoplanin (D,

) immunohistochemical staining in pri-

correlated with Ki67 expression in cervical cancer tissues
(P = 0.037). Nevertheless, there is no significant asso-
ciation between the other two protein markers and Ki67
(P > 0.05).

Expression of Vimentin, TP53 and Podoplanin

as prognostic factors in patients with cervical cancer

The cumulative OS and DFS rate of the 130 patients
with cervical cancer were 92.3 and 88.5%, respectively.
To evaluate the prognostic value of Vimentin, TP53
and Podoplanin in cervical cancer, we then examined
the correlation between the expression of Vimentin,
TP53 and Podoplanin and patients’ survival using the
Kaplan—Meier estimate and log-rank test. Our data
showed that patients with positive expression of Vimen-
tin exhibit shorter OS as compared with those with nega-
tive expression (77.1% vs. 97.9%, P < 0.001). Similarly,
Vimentin-positive patients display significantly shorter
DEFS (65.7%), compared with Vimentin-negative patients
(96.8%) (P < 0.001) (Fig. 3a, b).

Additionally, we also explored the impact of TP53
expression on the OS and DFS of cervical cancer patients.
The cumulative OS rate for the cervical cancer patients
with positive TP53 expression (76.9%) is significantly
lower than that for patients with negative TP53 expression
(96.2%, P < 0.001). Similarly, cervical cancer patients with
positive TP53 expression also display smaller cumulative
DFS rate (73.1%), compared with those with negative TP53
expression patients (92.3%, P = 0.006) (Fig. 4a, b).

Our data also show that Podoplanin expression is
negatively correlated with the OS (P = 0.004) and DFS
(P = 0.006) of cervical cancer patients (Fig. 5a, b). The
OS (85.2%) and DFS (80.3%) rates in the cervical cancer
patients with positive Podoplanin expression are smaller
than those for the patients without Podoplanin expres-
sion (OS 98.6%, DES 95.7%).

We next employed Cox proportional hazards model
to examine the clinicopathologic features of the expres-
sion of Vimentin, TP53 and Podoplanin in cervical can-
cer patients (Table 3). The results from our univariate
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and multivariate analysis suggest that age and Vimentin
expression exhibit a considerable impact on the OS and
DFS of cervical cancer patients (Table 3). These data indi-
cate that age and Vimentin expression are independent
prognostic factors for cervical cancer patients.

Discussion

Though both the incidence and mortality rate of cer-
vical cancer have considerably diminished globally in
the past five decades, cervical cancer remains a major
cause of cancer death in women [27]. The survival
of patients with primary cervical cancer is generally
determined by several factors, including lymph node

metastasis, parametrial invasion, tumor size, lympho-
vascular involvement, and histologic grade [28]. Fol-
lowing surgical resection of tumors, patients with one
or more of the clinicopathological features mentioned
above need to undergo additional therapy. Neverthe-
less, traditional pathological markers don't offer reliable
prognostic values to guide optimal treatment strategies.
In this study, we showed that the expression of Vimen-
tin, TP53 and Podoplanin is correlated with the survival
of cervical cancer patients, indicating that the expression
of these proteins may serve as valuable biomarkers to aid
in the diagnosis and effective treatment of cervical cancer
patients.
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Table 3 Cox regression analysis for factors possibly influencing OS and DFS in patients with cervical cancer
Factors Recurrence-free survival Overall survival
Univariate Multivariate Univariate Multivariate
HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
Age (>50 vs <50) 0.138(0.029-0.648)  0.012  0.104 (0.02-0.567) 0.01 0.111(0.023-0.527)  0.005 0.6 (0.397-0.906) 0.015
Tumor size (>4 1.117 (1.03-1.452) 0.002 0.156 (0.029-1.217)  0.079 1.95 (1.024-1.375) 0.001 0.336 (0.186-1.609)  0.082
Vs <4 cm)
Histology (welland ~ 0.346 (0.1-1.196) 0094  0.365(0.086-1.543) 0.173 1.042 (0682-1590) 0.196  0447(0.128-1.563)  0.207
moderate vs poor)
LN metastasis 5.378(1.556-1858)  0.008 0467 (0.078-2.774) 0404 5111 (1.479-17.659) 0.01 0592 (0.311-1.126) 0455
(absent vs present)
Vascular space 12,262 (1.553-96.82) 0.017 1.612 (0.057-38489) 0.805 11.737 (1.487- 0019 0777 (0.401-1.505)  0.565
involvement 92.552)
(absent vs present)
Lymphaticinvasion ~ 10.125(1.213-85.32) 0.021 7.531(0.325- 0.239 11.894 (1.507- 0.017 1.202 (0.642-2.252)  0.746
(absent vs present) 156.960) 93.909)
Deep stromal inva- 8498 (1.076-67.086) 0.042 2498 (0.323-26.631) 045 897 (1.135-70.892)  0.038 5.733(0.593-55.392) 0.702
sion (absent vs
present)
Podoplanin (positive  10.759 (1.363— 0024  0.853(0.023-31.877) 0.932 11363 (1.438- 0.021 3.238(0.349-30.078) 0.878
Vs negative) 84.944) 69.791)
Vimentin (positive vs  11.959 (2.535— 0.002 11213 (1.67-41.774)  0.003 12515 (2.649— 0.001 8.386 (1.475-47.66) 0.012
negative) 56.407) 59.121)
TP53 (positive vs 6443 (1.815-22.873) 0.004  3467(0929-12.946) 0654  7.768(2.161-27918) 0006  2.284(0.521-10.014) 0.27

negative)

Hazard ratios with 95% confidence intervals (95% Cl) were estimated and adjusted by indicated clinical parameters

In this study, we employed immunohistochemistry to
investigate the expression of Vimentin, TP53, and Podo-
planin in cervical cancer. Our findings may help to reveal
the role of these proteins in cervical cancer carcinogen-
esis and their prognostic significance in the management
of cervical cancer patients. Vimentin, which functions as

a key intermediate filament protein in mesenchymal cells,
is involved in EMT and plays a critical role in the growth,
invasion and metastasis of human cancer cells, includ-
ing cervical cancer [3, 29, 30]. Nevertheless, it is still
unknown whether or not the expression of Vimentin is
correlated with the clinicopathologic features of cervical
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cancers. Interestingly, we found out that Vimentin pro-
tein expression is strongly associated with the onset age,
lymph node metastasis, lymphatic invasion, Ki67 stain-
ing, recurrence, and survival in cervical cancer patients.
Furthermore, a multivariate analysis also reveals that
Vimentin expression is an independent prognostic fac-
tor for the OS and DFS of cervical cancer patients. These
results indicate that Vimentin plays an important role
in the malignant phenotype in cervical cancer patients.
Importantly, our data suggest that positive Vimentin
expression may serve as a biomarker to predict a poor
prognosis in cervical cancer patients and provides impor-
tant insights into the design of novel therapeutic strate-
gies to treat cervical cancer patients.

Consistent with earlier reports [3, 31, 32], our data also
showed that 20% of the cases of cervical cancer exhibit
high levels of TP53 expression. Over-expression of TP53,
resulting from accumulation of defected TP53 protein
due to gene alterations, is commonly found in cervical
cancer. Nonetheless, its prognostic value in cervical can-
cer remains controversial [3]. Here, we found that up-
regulation of TP53 expression is correlated with the size
of tumor and vascular space involvement as well as poor
DFES and OS. However, when other co-variables were
included in the Cox regression model, over-expression of
TP53 is not an independent prognosis factor. Hence, in
agreement with the findings by Avall-Lundqyvist et al. our
data suggest that TP53 expression is not an independent
predictive factor for patients with cervical cancer [33].

Podoplanin, selectively expressed in lymphatic
endothelium, has been used to detect lymphatic inva-
sion in several malignant neoplasms, including cervical
carcinoma [34, 35]. Podoplanin, a transmembrane gly-
coprotein, is up-regulated in a variety of human cancer
cells, especially those derived from squamous stratified
epithelia (SCCs). Its expression in tumor cells is linked
to increased cell migration and invasiveness [36]. It has
been reported that CD44, the major hyaluronan (HA)
receptor and one of the cancer stem cell (CSC) markers,
is a novel partner for Podoplanin. Expression of the CD44
standard isoform (CD44s) is coordinately up-regulated
together with that of Podoplanin during progression to
highly aggressive SCCs in a mouse skin model of car-
cinogenesis, and during the process of EMT. It has been
shown that aggressive squamous CSCs are enriched at
the invasive front with the extracellular matrix composed
of hyaluronic acids and Podoplanin [37]. Additionally,
previous reports indicate that presence of lymphovascu-
lar invasion serves as a considerable risk factor for tumor
recurrence in cervical squamous cell carcinoma [3]. Con-
sistent with these reports [3, 36, 37], our data suggest that
Podoplanin expression in the tumor cells displays strong
association with the onset age, the existence of lymphatic
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invasion, lymph node metastasis, vascular space involve-
ment, deep stromal invasion, positive parametrium,
higher risk of tumor recurrence and shorter survival. Our
findings also confirms that Podoplanin plays an impor-
tant role in cell migration and in the lymphatic spread of
cervical cancer cells to regional lymph nodes.

Ki-67 has been widely used as a proliferation marker to
measure the growth fraction of human cancer cells [38].
High Ki67 expression has been suggested as a poor prog-
nostic indicator for Ewing’s sarcomas [39] or breast can-
cer [40]. Although Ki-67 expression has not been found
to be associated with patient’s general survival in studies
conducted by us and other groups [41], we found that
Vimentin expression was significantly associated with a
decreased proliferation rate of cervical cancer as meas-
ured by the Ki-67 labeling index. The inversed correlation
between Vimentin and Ki-67 seems to be paradoxical.
However, it has been reported that cancer stem cells with
increased CD44 expression tend to form the negative
feedback machinery in terms of oxidative stress-induced
Wnt/beta-catenin signal transduction [37, 42]. This nega-
tive feedback regulation exerted by upregulated CD44/
Vimentin expression may be partially responsible for the
inversed expression pattern between CD44/Vimentin
and Ki-67/c-Myc [40, 41].

It is worth noting that there are some limitations
regarding our research findings we presented here. First,
the sample size in our study is relatively small. Thus, it is
necessary to perform further studies with larger sample
sizes to validate our findings. Second, a population selec-
tion bias may also exist, since it is a retrospective study.
Lastly, the patients recruited in our study all had resect-
able tumors. Hence, it is not clear whether or not we can
extend our findings to the patients with advanced nonre-
sectable cervical cancer.

Conclusion

As of now, clinical TNM stage doesn’t serve well as a
practical indicator for the prognosis of patients with cer-
vical cancer. Patients with the same clinical stage may
display completely different clinical courses. Here, we
demonstrated that Vimentin expression can act as an
independent predictive factor for patients with cervical
cancer, providing important guidelines for the manage-
ment of cervical cancer patients.
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