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Abstract: Objective: We aimed to analyze the phosphatases of regenerating liver 1 (PTP4A1) expression and its 
relationship with tumor invasion, metastasis, and prognosis of non-small cell lung cancer (NSCLC). Methods: The 
retrospective study enrolled 150 cases who underwent radical resection for primary NSCLC during the period from 
January 2006 to January 2014. Baseline characteristics of patients included age, gender, smoking history, patho-
logical type, histological grade, clinical stage, and lymphatic metastasis. Lung cancer tissues collected from 150 
cases and precancerous tissues, and normal lung tissues collected from 20 cases were used for PTP4A1 detection 
by immunohistochemistry. Results: The expression of PTP4A1 was significantly different in different tissue samples 
(P = 0.025). The expression level of PTP4A1 was associated with clinical stage (P = 0.022), and lymphatic metas-
tasis (P = 0.011). Survival analysis showed the total survival rate of overexpressed PTP4A1 group was significantly 
lower than that of the low expressed PTP4A1 group (P = 0.006), while the recurrence rate of overexpressed PTP4A1 
was significantly higher than that of the low expressed PTP4A1 group (P = 0.014). In addition, the OS was affected 
by lymphatic metastasis, and disease-free survival was influenced by pathological type and lymphatic metastasis. 
Conclusion: The PTP4A1 expression level is a potential prognostic biomarker for NSCLC, and overexpression of 
PTP4A1 suggested a high risk of poor DFS during follow-up. Also, lymphatic metastasis had an adverse effect on 
survival time.
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Introduction

Lung cancer is one of the most common  
causes of cancer death worldwide [1], and non-
small cell lung cancer (NSCLC) approximately 
accounts for 80-85% of all lung cancers [2]. 
Despite numerous clinical attempts or even 
recent advances in cancer therapy, the 5-year 
survival rate is still less than 15% [1, 3]. 
Metastasis, the main reason for the death, may 
occurr in more than 50% newly diagnosed 
patients and they thereby miss the optimal 
opportunity for surgical resection [4, 5]. There- 
fore, it is essential to explore a potential prog-
nostic biomarker to prevent cancer invasion 
and metastasis.

Protein tyrosine phosphatases (PTPs) are wide-
ly involved in various physiologic and pathogen-
ic behaviors of human cells by regulating phos-

phorylation of some crucial signaling molecu- 
les [6]. In recent years, PTPs have been shown 
to have an important effect on cancer cell 
metastasis [7, 8], and have attracted wide-
spread attention. PTP4A1 (also known as PRL1), 
a member of the PTP family, also has an onco-
genic function in the invasion and metastasis  
of hepatocellular carcinoma [9]. Achiwa et al. 
showed that the knockout of PTP4A1 gene 
reduces c-src expression, which leads to a 
reduction in proliferation and cell adhesion 
[10]. However, PTP4A1 expression and its clini-
cal/prognostic relevance in NSCLC remain 
unclear.

In this retrospective study, the expression of 
PTP4A1 in lung cancer tissues, precancerous 
tissues, and normal lung tissue was examined 
by immunohistochemistry. Also, the relation-
ship between PTP4A1 expression and tumor 

http://www.ijcep.com


Prognosis of PTP4A1 for primary NSCLC

3584 Int J Clin Exp Pathol 2018;11(7):3583-3590

invasion, metastasis, postoperative disease-
free survival (DFS), overall survival (OS), and 
recurrence rates was also analyzed. 

Materials and methods

Patients

The retrospective study enrolled 150 cases 
(115 male, 35 female, an average age of 57.96 
± 8.45 years old) who underwent radical resec-

of lung cancer was diagnosed according to  
the histological, serological, and iconography 
examinations. The study was approved by an 
ethics review board of The Fourth Affiliated 
Hospital of Hebei Medical University, and the 
requirement to obtain informed written consent 
was waived.

Based on the criteria of World Health Or- 
ganization (WHO) [11], the 150 tumor samples 
were divided into 89 lung adenocarcinoma 

Figure 1. Microphotographs (400 ×) of immunohistochemical detection of 
PTP4A1 protein: A and B. low and high expression in squamous cell carci-
noma tissue; C and D. low and high expressions in adenocarcinoma; E and 
F. low and high expression in para-carcinoma tissue: G and H. low and high 
expression in normal tissue.

tion for primary NSCLC during 
the period from January 2006 
to January 2014 in the Fourth 
Affiliated Hospital of Hebei 
Medical University. Patients 
were enrolled if they fulfilled 
with the following criteria: (1) 
age ≥ 18 years old; (2) no his-
tory of radiotherapy, chemo-
therapy and sex hormone 
drugs before operation; (3) a 
defined diagnosis of NSCLC 
(adenocarcinoma or squa-
mous cell carcinoma) by two 
experienced pathologists; (4) 
no tumor invasion and metas-
tasis to other organs after 
receiving preoperative icono- 
graphy examinations, includ-
ing enhanced Computed To- 
mography (CT), Emission CT, 
positron emission tomogra-
phy and computed tomogra-
phy (PET/CT); (5) they under-
went radical resection of the 
tumor. Patients with incom-
plete clinicopathologic data or 
lost to follow up information 
were excluded.

Lung cancer tissues were col-
lected from the 150 patients 
with NSCLC by tumorectomy. 
Precancerous tissue (2-4 mm 
away from the tumor margin) 
and normal lung tissue (> 1 
cm away from the tumor mar-
gin) specimens were collect- 
ed randomly from 20 NSCLC 
patients, respectively. The NS- 
CLC patients were followed  
up to obtain the information 
of survival and recurrence 
after surgery. The recurrence 
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samples and 61 lung squamous cell carcinoma 
samples. The Tumor-Node-Metastasis (TNM) 
staging of NSCLC was determined based on  
the 7th edition criterion of TNM classification of 
the International Union Against Cancer (UICC) 
(IASLC 2009) [12, 13]. There were 32 cases in 
IA, 40 cases in IB, 38 cases in IIA, 10 cases in 
IIB, 29 cases in IIIA, and 1 case in IIIB. Based 
on the histological grade, tumors were divided 
into well differentiated (Edmondson grade I, 7 
cases), moderately differentiated (Edmondson 
grade II, 96 cases), and poorly differentiated 

and log-rank test. In order to confirm the prog-
nostic role of PTP4A1, Cox proportional hazards 
regression analysis was applied to calculate 
the hazard ratio (HR). P < 0.05 was considered 
statistically significant.

Results

PTP4A1 expression in different tissues

The immunohistochemistry results showed th- 
at the expression of PTP4A1 could be detected 

Table 1. Expression of PTP4A1 in different tissues of NSCLC 
patients

Specimens n Low  
expression

High  
expression p-value

Lung cancer tissue 150 73 77 0.025
Precancerous tissue 20 12 8
Normal lung tissue 20 16 4
Lung cancer vs. Normal lung tissue, P = 0.008.

Table 2. Relationship between PTP4A1 expression and clini-
copathologic parameters

Parameters Patients, 
n

Low  
expression

High  
expression p-value

Gender 0.709
    Male 115 55 60
    Female 35 18 17
Age, years 0.605
    < 58 69 32 37
    ≥ 58 81 41 40
Smoking history 0.676
    Yes 95 45 50
    No 55 28 27
Pathological type, n 0.819
    Squamous carcinoma 61 29 32
    Adenocarcinoma 89 44 45
Histologic grade1, n 0.075
    G I 7 6 1
    G II 96 48 48
    G III 47 19 28
Clinical stage2 0.022
    I+II 120 64 56
    III+IV 30 9 21
Lymphatic metastasis 0.011
    Yes 50 17 33
    No 100 56 44
1G I = well differentiated, G II = moderately differentiated, and G III = poorly 
differentiated; 2Clinical stage was based on the 7th edition Tumor-Node-
Metastasis (TNM) classification of the International Union Against Cancer 
(UICC) (IASLC 2009).

(Edmondson grade III, 47 cases) 
groups. There were 50 patients with 
lymph node metastasis, and 100 
without lymph node metastasis.

Immunohistochemistry

PTP4A1 protein levels in the tissues 
were detected by immunohisto-
chemical analysis. Tumor tissue, 
precancerous tissue, and normal 
lung tissue were fixed in 10% forma-
lin, embedded in paraffin, and cut 
into 4 μm sections. Then the sec-
tions were stained with anti-PTP4A1 
antibody (Abcam, Cambridge, MA, 
USA) at 1:200 dilution, followed by 
horseradish peroxidase-conjugated 
goat anti-Rabbit IgG (H+L) (Beyo- 
time, Shanghai, China) at 1:400 
dilution. Assessment of immuno- 
histochemical staining was carried 
out on the basis of the previous 
method of Pang et al. [14]. Briefly, 
positive staining of PTP4A1 was 
evaluated by a light microscope 
(BX45-72H05). Staining results we- 
re divided into the following catego-
ry based on percentage of positive 
cells (stained with brown) in total 
cells: < 50% as low expression and 
≥ 50% as high expression. 

Statistical analysis

All analyses were performed using 
SPSS19.0 software (SPSS Inc, Ch- 
icago, IL, USA). The results were 
presented as mean ± standard 
deviation (SD). PTP4A1 expression 
between lung cancer tissues and 
precancerous tissues as well as 
normal lung tissue was compared 
by χ2. Survival analysis was deter-
mined by the Kaplan-Meier method 
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in the nuclei of different tissues (Figure 1). In 
particular, PTP4A1 expression was significantly 
higher in the tumor tissues compared with the 
normal tissues (P = 0.008, Table 1), while no 
significant difference was observed between 
the tumor tissues and precancerous tissues (P 
= 0.341, data not shown).

PTP4A1 expression level and characteristics of 
lung cancer patients 

The NSCLC patients in this study were further 
grouped according to the clinicopathologic 
characteristics, including age, gender, smoking 
history, pathology type, histological grade,  
clinical stage, and lymphatic metastasis. The 
results showed that PTP4A1 was overexpre- 
ssed in NSCLC patients with lymphatic metas-
tasis compared with those NSCLC patients 
without lymphatic metastasis (P = 0. 011, Table 
2). Moreover, patients in the late stage present 
higher expression level of PTP4A1 compared 
with those in the early stage (P = 0. 022). In 
addition, no significant correlation was ob- 
served between PTP4A1 expression and other 
clinical characteristics, such as age, smoking 
history, and histological grade (all P > 0.05).

tively (Table 3). Patients with high PTP4A1 
expression had a higher recurrence rate of 
NSCLC than those with low PTP4A1 expression 
(Figure 2B, P = 0. 014). 

Moreover, the results showed that the OS rate 
of patients with squamous cell lung cancer was 
lower than that of patients with squamous cell 
carcinoma (Figure 3A, P = 0.035), and patients 
with adenocarcinoma lung cancer exhibited a 
higher recurrence rate compared with patients 
with squamous cell carcinoma (Figure 3B, P = 
0.020). The lung cancer patients with poorly-
differentiated tumors had a lower survival  
rate (Figure 3C, P = 0.031) and a higher recur-
rence rate (Figure 3D, P = 0.017) compared 
with patients with well-differentiated tumors. 
Additionally, patients with lymph node metasta-
sis or late stage cancer also exhibited a low sur-
vival rate and high recurrence rate (all P < 
0.001, Tables 4 and 5).

Multivariate survival analysis showed that 
PTP4A1 expression (HR = 1.660, P = 0.043, 
Table 4) and lymphatic metastasis (HR = 4.308, 
P < 0.001) were independent prognostic fac-
tors for OS time, suggesting that the NSCLC 

Figure 2. The overall survival (A, log-rank test, P = 0.006) and recurrence rate (B, log-rank test, P = 0.014) among 
patients with high PTP4A1 expression in tumor tissue.

Table 3. Survival rate and median survival time of 
patients with different PTP4A1 protein levels in lung 
cancer tissues

PTP4A1 protein n
Survival rate (%) Median survival 

time (months)1-year 3-year 5-year
High expression 77 93.5 44.7 29.9 34.0
Low expression 73 97.3 66.5 43.4 51.0

Prognostic role of PTP4A1 expression 
level on OS of NSCLC patients

The OS rate of patients with high PTP4A1 
expression was lower than that of the 
patients with low PTP4A1 expression 
(Figure 2A, P = 0. 006). The median sur-
vival times of patients with high PTP4A1 
expression and low PTP4A1 expression 
were 34 months and 51 months, respec-
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patients with overexpressed PTP4A1 or who 
developed lymphatic metastasis were more 
likely to have poor OS following surgical thera-
py. Moreover, Cox proportional hazards regres-
sion analysis also showed that pathological 
type (P = 0.042, Table 5) and lymphatic metas-
tasis (P < 0.001, Table 5) were independent 
prognostic factors for postoperative DFS.

Discussion

In spite of numerous studies demonstrating 
that PTP4A1 expression affects tumor progres-
sion, metastasis, and patient survival rate of 
lung cancer [10, 15, 16], the clinical or prognos-
tic role of the PTP4A1 protein in NSCLC has 
rarely been reported. In the present study, we 

Figure 3. The overall survival (A, C) and recurrence rate (B, D) among patients with adenocarcinoma and squamous-
cell carcinoma (A, log-rank test, P = 0.035; B, log-rank test, P = 0.020) and patients with well-differentiated and 
poorly-differentiated tumor (C, log-rank test, P = 0.031; D, log-rank test, P = 0.017).

Table 4. Analysis of the correlation between overall survival and clinicopathologic factors

Clinicopathologic characteristics
Univariate analysis Multivariate analysis

p-value Hazard 
ratio (HR) 95% CI p-value

Age (< 58/≥ 58) 0.490 -
Gender (male/female) 0.180 -
Smoking history (Yes/No) 0.766 -
Pathological type (adenocarcinoma/squamous cell carcinoma) 0.035
Histological grade (III/I+II) 0.031
Lymphatic metastasis (Yes/No) 0.000 4.308 2.412-7.695 0.000
Clinical stage (III+IV/I+II) 0.000
PTP4A1 expression in cancer tissue (high/low) 0.006 1.660 1.016-2.712 0.043
P < 0.05 was considered statistically significant.
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conducted a retrospective analysis of PTP4A1 
expression in 150 lung cancer tissues, 20 pre-
cancerous tissues, and normal lung tissues. 
Consequently, it was confirmed that the overex-
pression of PTP4A1 was associated with high 
risks of poor OS. 

Nakashima et al. found that PTP4A1 mRNA lev-
els were overexpressed in human lung cancer 
cells [17]. In vitro, the overexpression of PTP4A1 
protein promotes migration and invasion of 
A549 lung cancer cell lines, while the migration 
and invasion of A549 lung cancer cell line 
decreased after knocking down PTPTA1 expres-
sion [17]. In vivo, it was also found that the 
PTP4A1 protein level was significantly higher in 
tumor tissues of NSCLC compared with that  
in precancerous and normal tissues, suggest-
ing a possible carcinogenic effect of overex-
pressed PTP4A1 on NSCLC. However, these 
results are converse to a previous study which 
revealed that PRL-2 expression, rather than 
PRL-1 and PRL-3 expression, were increased in 
cancer tissues [18]. Racial differences or differ-
ent research conditions were likely causes of 
the differences in these results.

Jin and his colleagues revealed that overex-
pressed PRL-1 level was significantly correlated 
with a more aggressive tumor phenotype mea-
sured by TNM stage [9]. Consistent with that 
study, our results showed that NSCLC patients 
in the late stage had a higher expression level 
of PTP4A1 compared with those in the early 
stage. Furthermore, we also found that NSCLC 
patients with lymphatic metastasis exhibited a 
higher PTP4A1 expression level compared with 
those without lymphatic metastasis. Therefore, 
the preoperative PTP4A1 expression level 
might be affected by clinical stage and lym-

phatic metastasis. In addition, our results 
showed that patients with overexpressed 
PTP4A1 presented a lower survival rate and a 
higher recurrence rate compared to those with 
low PTP4A1 expression. These results were fur-
ther verified by the Cox proportional hazards 
regression analysis which indicated that 
PTP4A1 expression was an independent prog-
nostic factor for OS. Notably, the phenomenon 
might be explained by a positive correlation 
between PTP4A1 expression and lymphatic 
metastasis. Based on the above results, we 
speculated that the determination of preopera-
tive PTP4A1 expression level may be important 
for predicting the therapeutic effect and post-
operative OS for patients with NSCLC.

In the current study, Cox analysis also suggest-
ed that patients with squamous cell carcinoma 
were likely to live longer with low recurrence or 
metastasis. Generally, lung squamous cell car-
cinoma mainly occurs in the central part of the 
lung, and the early appearance of the symp-
toms facilitates an early detection and treat-
ment; whereas lung adenocarcinoma mostly 
occurs in the periphery and its symptoms often 
appear after the occurrence of distant metas-
tasis. On the other hand, squamous cell carci-
noma is more inclined to recur locally, while 
adenocarcinoma is prone to distant meta- 
stasis.

As recurrence and metastasis are two related 
hallmarks of cancer [19], it is easy to presume 
that patients with lymphatic metastasis would 
have low survival rates and high recurrence 
rates. Both recurrence and metastasis are 
major causes of hepatocellular carcinoma-
related mortality [9]. Interestingly, no correla-
tion between OS (or DFS) and smoking history 

Table 5. Analysis of the correlation between disease free survival (DFS) and clinicopathological factors

Clinicopathologic characteristic
Univariate analysis Multivariate analysis

p-value Hazard 
ratio (HR) 95% CI p-value

Age (< 58/≥ 58) 0.419 -
Gender (male/female) 0.389 -
Smoking history (Yes/No) 0.927 -
Pathological type (adenocarcinoma/squamous cell carcinomas) 0.020 1.669 1.018-2.736 0.042
Histological grade (III/I+II) 0.017
Lymphatic metastasis (Yes/No) 0.000 4.341 2.448-7.698 0.000
Clinical stage (III+IV/I+II) 0.000
PTP4A1 expression in cancer tissue (high/low) 0.014
P < 0.05 was considered statistically significant.
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was found in this study. Here, patients with a 
history of smoking were often males, and the 
patients were not distributed symmetrically 
with respect togender (115 male vs. 35 female). 
These findings elucidate this phenomenon, 
while more experiments will be essential to vali-
date our results.

In conclusion, PTP4A1 expression level might 
be a potential prognostic biomarker for NSCLC, 
and preoperative PTP4A1 overexpression in 
tumor tissue indicated a poor prognosis. Ly- 
mphatic metastasis had an adverseeffect on 
survival time.
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