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Original Article 
PTP4A3 expression is associated with the clinical  
features and prognosis of cervical cancer
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Abstract: Background: Protein tyrosine phosphatase 4A3 (PTP4A3) is overexpressed in different cancer types and 
is involved in tumor progression. However, the clinical significance of PTP4A3 in cervical cancer is still unclear. 
Methods: Real-time PCR was used to examine the mRNA expression levels of PTP4A3 in 8 pairs of cervical cancer 
tissues, and immunohistochemistry was used to investigate PTP4A3 protein expression pattern in 144 archived 
cervical cancer specimens. The correlation of PTP4A3 expression with clinicopathologic features was analyzed. 
Results: The expression of PTP4A3 was increased in all 8 cervical cancerous tissues compared with that in adjacent 
normal cervical tissues. PTP4A3 overexpression in patients was correlated with tumor stage (P = 0.004), tumor size 
(P = 0.024), and lymph node involvement (P = 0.025). Furthermore, patients with high PTP4A3 expression showed 
shorter overall and recurrence-free survival time after surgery (P = 0.012 and P = 0.005, respectively). Multivariate 
Cox regression analysis showed that PTP4A3 expression had a predictive value for overall survival of cervical cancer 
patients (P = 0.029). Conclusion: The expression of PTP4A3 was increased in cervical cancer and it plays an impor-
tant oncogenic role in tumor progression of cervical cancer.
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Introduction

Cervical cancer is among the most preval- 
ent gynecological malignancies, with nearly 
530,000 new cases and 275,000 deaths 
reported annually [1]. Despite the improvement 
of diagnostic and treatment strategies, most 
cervical cancer patients diagnosed at advanced 
stages are not eligible for potential curative 
therapies. The three-year survival and disease-
free survival rate of patients with locoregional 
recurrent cervical cancer were 55.6% and 
54.3% after concomitant chemo-radiation ther-
apy [2]. Recently, more and more studies have 
been made in understanding the genetic altera-
tions and biological processes in cervical can-
cer preogression. However, the search for spe-
cific molecular and genetic alterations in cervi-
cal cancer that have clinicopathologic signifi-
cance is limited.

Protein tyrosine phosphatase 4A3 (PTP4A3), 
also named as phosphatase of regenerating 
liver-3 (PRL-3), is a member of the protein tyro-

sine phosphatases (PTPs) family. The PTP4A3 
gene is located in chromosome 8q24.3 and is 
composed of 173 amino acids and is a mono-
mer with a complex structure [3]. PTP4A3 has 
been shown to participate in many funda- 
mental physiological processes. For example, 
PTP4A3 provokes a tyrosine phosphoproteome 
to drive prometastatic signal transduction [4]. 
In vitro study found that PTP4A3 is an impor-
tant contributor to endothelial cell function and 
as a multimodal target for cancer therapy and 
mitigating VEGF regulated angiogenesis [5]. 
Using yeast two-hybrid screening, Peng et al. 
found that PTP4A3 interacted with integrin α1, 
downregulated tyrosine phosphorylation of 
integrin β1, enhanced the phosphorylation of 
ERK1/2, indicating its critical role in integrin 
β1-ERK1/2-MMP2 signaling and cell motility 
[6]. Accumulating evidence suggests that 
PTP4A3 is involved in the proliferation, growth 
regulation, increased metastasis, and invasion 
in different types of cancers. It has been report-
ed that culture carcinoma associated fibro-
blasts trigger PTP4A3 overexpression in cancer 
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cells, and a higher expression of PTP4A3 cor-
relates with tumor progression and its severity 
[7]. It has been demonstrated that PTP4A3 pro-
motes tumor cell migration and angiogenesis 
by increasing extracellular oncogenic pathways 
[8, 9]. In contrast, PTP4A3 inhibitors blocked 
the migration and invasion of metastatic can-
cer cells [10]. Likewise, RNAi-mediated knock-
down of PTP4A3 inhibits cell invasion and 
downregulates ERK1/2 expression in cancer 
cells [11].

Although both PTP4A3 has been shown to be 
overexpressed in squamous cell carcinoma of 
the cervix [12], the prognostic role of PTP4A3 in 
cervical cancer patients has not been investi-
gated. Therefore, we evaluated the expression 
levels of PTP4A3 in human cervical cancer tis-
sues and analyzed the clinical significance of 
PTP4A3 expression in cervical cancer patients. 
Our data demonstrate that PTP4A3 expression 
is significantly correlated with cervical cancer 
progression and clinical prognosis. Thus, PTP- 
4A3 may serve as a new prognostic marker and 
therapeutic target for cervical cancer therapy.

Materials and methods

Patients and tissue specimens

A total of 144 cervical cancer patients who 
underwent surgical resection from January 
2004 to December 2009 at Dongguan General 
Hospital were analyzed. The records of patients 
were reviewed in the context of clinicopatho-
logical and follow-up information. The tumor 
stage was classified according to the latest 
International Federation of Gynecology and 
Obstetrics criteria. The overall survival (OS) and 
recurrence-free survival (RFS) was calculated 
starting from the date of the initial surgery to 
the time of death and recurrence, respectively. 
After surgery, resected specimens were pro-
cessed routinely for macroscopic pathological 
assessment. In addition, 8 pairs of snap-frozen 
cervical cancer and normal cervical samples 
were collected for Real-time PCR. Informed 
consent was obtained from each patient and 
this study was approved by the Research Ethics 
Committee of Dongguan General Hospital.

Quantitative real-time polymerase chain reac-
tion (RT-PCR)

A total of 2 µg of tissue RNA was reverse tran-
scribed to cDNA with a high-capacity (Thermo, 

USA) according to the manufacturer’s instruc-
tions. Gene expression was assayed with 2X 
SYBR Green Mastermix (Bio-Rad) with real-time 
detection performed with the iCycler thermocy-
cler (Bio-Rad). The primers used are as follows: 
PTP4A3, sense, 5’-CGGGATGAAGTACGAGGA- 
CG-3’, and anti-sense, 5’-GCGTGTGTGGGTCT- 
TTGAAC-3’; β-actin, sense, 5’-TCATGAAGTGT- 
GACGTTGACATCCGT-3’, and anti-sense, 5’-CC- 
TAGAAGCATTTGCGGTGCACGATG-3’. The 2-ΔΔCT 
method was used to calculate relative expres-
sion of PTP4A3 mRNA.

Immunohistochemistry 

The formalin-fixed, paraffin-embedded archival 
specimens were cut in four-μm sections, and 
were mounted on poly-L-lysine-coated slides. 
They were then deparaffinized in xylene and 
rehydrated through graded alcohol to distilled 
water. Endogenous peroxidase activity was 
then blocked by incubation in 3% hydrogen per-
oxide-methanol for 10 min. After washing with 
phosphate-buffered saline, the slides were 
blocked with 1% BSA and then incubated over-
night at 4°C with anti-PTP4A3 antibody (Abcam, 
Cambridge, USA; 1:200), followed by incubation 
with prediluted secondary antibody and strep-
tavidin-horseradish peroxidase complex. 

Semiquantitative immunohistochemical scor-
ing

Evaluation of PTP4A3 immunoreactivity was 
carried out by two independent pathologists. 
The analysis was assessed according to both 
the proportion of positively stained tumor cells 
and the intensity of staining. The area of stain-
ing was stratified into 5 scoring groups: 0, not 
detected; 1, <10% positive cells; 2, 11-50% 
positive cells; 3, 51-80% positive cells; and 4, 
>80% positive cells. Intensity of stained cells 
was graded semi-quantitatively into four levels: 
0: no staining; 1: weak staining; 2: positive 
staining; and 3: strong staining. Using this 
method of assessment, the expression of 
PTP4A3 was evaluated by the staining index 
(scored as 0, 1, 2, 3, 4, 6, 8, 9 or 12). Staining 
index score ≥6 was identified as high expres-
sion, while score <6 was low expression. 

Statistical analysis

All statistical analyses were performed with 
SPSS 18.0 software (SPSS Inc., Chicago, USA). 
A standard chi-squared test was performed to 
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assess the association between PTP4A3 ex- 
pression and the clinicopathological character-
istics. Overall survival (OS) and recurrence-free 
survival (RFS) curves were obtained by the 
Kaplan-Meier method and were compared with 
the log-rank test. Multivariate analysis was per-
formed using the Cox regression model. A two 
tailed P-value of <0.05 was considered statisti-
cally significant. 

Results

PTP4A3 is upregulated in cervical cancer 

Analysis of the expression of PTP4A3 by real-
time PCR determined that PTP4A3 was signifi-
cantly upregulated in cervical cancer tissues 
compared with that in adjacent normal tissues 
(Figure 1A). Additionally, PTP4A3 staining inten-
sity was scored as strong or moderate intensity 
in 60.7% of tumor tissues, whereas only 30.3% 
of corresponding adjacent normal cervical tis-
sues were scored as strong or moderate inten-
sity (Figure 1A, 1B). Our results showed that 
PTP4A3 was frequently overexpressed in 
human cervical cancer.

Association of PTP4A3 expression and clinico-
pathological factors

PTP4A3 expression in 144 primary cervical 
cancer specimens was determined by immuno-
histochemistry. The representative immunos-
taining of PTP4A3 in cervical cancer tissues 
was shown in Figure 2. PTP4A3 protein mainly 
localized at cell membrane and cytoplasm. 
Statistical analysis further showed positive 
associations of PTP4A3 expression with tumor 

stage (P = 0.004), tumor size (P = 0.024), and 
lymph node involvement (P = 0.025) (Table 1). 
No significant difference between high and low 
levels of PTP4A3 was observed in terms of 
patient age, tumor differentiation, or histologi-
cal type.

PTP4A3 expression predicted worse overcome 
in cervical cancer

Statistical analysis also revealed a correlation 
between PTP4A3 expression and patients’ clini-
cal prognosis. Kaplan-Meier analysis showed 
that higher PTP4A3 expression led to shorter 
overall survival and recurrence-free survival 
time, while lower PTP4A3 expression resulted 
in longer survival (P = 0.012 and P = 0.005, 
respectively; Figure 3). Multivariable Cox regr- 
ession analysis showed that PTP4A3 expres-
sion might serve as an independent predictor 
of OS in patients with cervical cancer prognosis 
(P = 0.029; Table 2).

Discussion

In the present study, we investigated the 
expression patterns of PTP4A3, by Real-time 
PCR and IHC, using fresh and paraffin-embed-
ded cervical cancer tissues. Real-time PCR 
assay revealed that up-regulation of PTP4A3 
was detected in cervical carcinoma tissues, 
when compared with their adjacent normal  
cervix tissues. Moreover, overexpression of 
PTP4A3 was also correlated to advanced tumor 
stage, tumor size, lymph nodes metastasis, 
and poor clinical prognosis. These data provid-
ed evidence that the elevated expression of 
PTP4A3 might play an important role in tumori-

Figure 1. Expression pattern of PTP4A3 in cervical cancer. A. PTP4A3 mRNA expression in 8 pairs of cervical cancer 
and adjacent normal cervical tissues. B. Bar graph showed the percentage of different staining intensity for PTP4A3 
in 144 cervical cancer patients.
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genic process and progression of cervical 
carcinoma.

PTP4A3 belongs to a small class of PTPs, which 
are cell signaling molecules that contain a PTP 
domain and a characteristic C-terminal prenyl-
ation motif. Together with tyrosine kinases, 
PTPs play regulatory roles in a variety of impor-
tant signaling molecules and cellular processes 
[13]. The expression of PTPs is strictly tissue 
specific, and most cells express 30% to 60% of 
all the PTPs, while neuronal and hematopoietic 
cells express higher number of PTPs in com-
pared with other cell types [14]. Studies of this 
class of PTPs demonstrated that dysregulation 
of PTP activity is involved in various diseases, 
including cancer, and that prenylation of PTPs 
is correlated with cancer development and 
metastasis [15]. As a prenylated PTP, PTP4A3 
participates in many fundamental physiological 
processes and emerges as potential biomark-
ers and therapeutic targets for various types  
of malignancy. Lian et al. demonstrated that 
PTP4A3 promotes tumor invasion, metastasis 
and cell adhesion by interacting with JAM2 in 
colon cancer [16]. Maacha et al. reported that 

Table 1. Association between clinical param-
eters with PTP4A3

Features Total
PTP4A3

P
Low High

Age ≤45 y 90 35 55 0.978 
>45 y 54 27 27

Tumor stage IB1+IB2 95 49 46 0.004 
IIA1+IIA2 49 13 36

Tumor size ≤4 cm 87 44 43 0.024 
>4 cm 57 18 39

Differentiation 1/2 108 43 65 0.174 
3 36 19 17

Histological type SCC 89 36 53 0.422
AC 55 26 29

LN Metastasis No 110 53 57 0.025 
Yes 34 9 25

144 62 82
SCC: squamous cell cancer; AC: Adenocarcinoma.

Figure 2. Representative immunostaining pictures of PTP4A3 in cervical cancer. A, B. Low expression of PTP4A3; C, 
D. High expression of PTP4A3 in cervical cancer tissues. A and C: 200×; B and D: 400×.
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PTP4A3 promotes human uveal melanoma 
aggressiveness through membrane accumula-
tion of matrix metalloproteinase 14 (MMP14), 
while inhibition of MMP14 expression in uveal 
melanoma cells expressing PTP4A3 impairs 
their migration in vitro and invasiveness [17]. 
Liu et al. proposed that PTP4A3 plays a critical 
role in ovarian cancer tumorigenicity and main-
taining the malignant phenotype of ovarian can-
cer, and could be used as a promising thera-
peutic target and potential early biomarker in 
ovarian cancer progression [18]. However, the 
roles of PTP4A3 in cervical cancer remain large-
ly unknown. In our studies, PTP4A3 was highly 
expressed in cervical cancer tissues in com-
parison to that in adjacent normal cervix. We 
also found significantly positive correlations 
between PTP4A3 expression and tumor stage, 
tumor size, and lymph nodes status, indicating 
the specific involvement of PTP4A3 protein in 
cervical cancer development.

Several recent studies have demonstrated the 
PTP4A3 positive expression has a significant 
worse overall survival compared with those do 
not express. Yeh et al. showed that PTP4A3 
overexpression was significantly associated 
with higher tumor stage, lymph nodal metasta-
sis, vascular invasion and unfavorable pro- 
gnosis in bladder cancer patients [19]. den 
Hollander et al. revealed that high expression 
of PTP4A3 could serve as an independent prog-
nostic indicator for worse overall survival of 
patients with triple-negative breast cancer [20]. 
Xing et al. suggested that PTP4A3 may serve as 
a potential prognostic biomarker and an indica-
tor of lymph node metastasis and vascular 
invasion in human gastric cancer [21]. Our 
results are consistent with some previous stud-
ies, which found that patients with overexpres-
sion of PTP4A3 have a significant worse overall 
and recurrent-free survival than that with low 
PTP4A3 expression. These facts may suggest 

Figure 3. Kaplan-Meier curves for overall survival (OS) and recurrence-free survival (RFS) based on PTP4A3 expres-
sion in cervical cancer patients.

Table 2. Multivariate cox proportional hazards regression models for estimating OS and RFS

Prognostic variables
OS RFS

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P 
Age (>45 y vs ≤45 y)
Tumor Stage (IIA vs IB) 4.483 (1.774-9.344) 0.015 3.181 (1.164-8.216) 0.034
Tumor size (>4 cm vs ≤4 cm) 2.106 (1.819-7.314) 0.026
Tumor grade (Grade 3 vs 1/2)
Histological type (SCC vs AC)
LN Metastasis (+ vs -) 2.724 (2.013-6.516) 0.045
PTP4A3 expression (high vs low) 3.152 (2.278-7.674) 0.029
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that PTP4A3 could serve as a prognostic factor 
for predicting poorer outcome. 

In light of the evidence discussed here, we pro-
pose that overexpression of PTP4A3 may play 
crucial roles in cervical cancer development. In 
addition, our study introduces PTP4A3 protein 
expression as a new independent prognostic 
marker in cervical carcinomas. Our future stud-
ies will be aimed to more fully dissect the 
molecular mechanism underlying PTP4A3 pro-
motion of cervical cancer cell growth, migration 
and progression.
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