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Abstract: Precision medicine, applying knowledge of breast cancer’'s molecular subtypes, has improved the dis-
ease’s prognosis. However, recurrence and chemoresistance are critical issues for breast cancer patients. PTPN4, a
new potential therapeutic target, has not been studied sufficiently in breast cancer, and the potential role of PTPN4
in the prognosis of breast cancer patients is still unknown. In our study, data from 140 invasive breast cancer pa-
tients were retrospectively collected to identify the association between PTPN4 expression and clinical outcomes
of these patients. The expressions of PTPN4 were detected by immunohistochemical analysis. Breast hyperplasia
tissues showed higher expression of PTPN4. We found that PTPN4 expression was lower in breast cancer patients
with relapse than in patients without relapse. Patients with an increased PTPN4 level had a significantly longer
relapse-free survival and overall survival time. Decreased PTPN4 expression was an independent factor associated
with relapse-free survival and overall survival, as shown by multivariate Cox regression analysis. The study found
that PTPN4 is an attractive prognostic biomarker for predicting the clinical outcome and effective disease manage-

ment of breast cancer patients.
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Introduction

Breast cancer is the leading cause of cancer-
related deaths in Chinese women [1]. Targeted
treatment for breast cancer dramatically im-
proves the survival outcome based on specific
molecular expressions. The estrogen receptor
(ER) positive type (luminal type) represents ab-
out 70% of all breast cancers, which is sensi-
tive to endocrine therapy and promises a good
prognosis. The patients with human epidermal
growth factor receptor 2 (HER2) overexpression
are susceptible to trastuzumab, but triple nega-
tive breast cancer patients who lack targeted
biomarkers have the poorest outcomes [2]. In
general, breast cancer patients have achieved
an improved prognosis with systemic therapy,
but the clinical benefits are limited owing to
therapeutic resistance and recurrence [3-6].
We need to explore other appropriate targets
to improve overall survival in breast cancer
patients.

Accumulating evidence shows that the hyperac-
tivation of the protein tyrosine phosphorylation

contributes to migration, aggressiveness and
metastasis in breast cancer [7-10]. Breast can-
cer cells with different subtypes exhibit distin-
ct tyrosine phosphorylation signatures. Eleva-
ted tyrosine phosphorylation of the epidermal
growth factor receptor (EGFR), focal adhesion
kinase (FAK) and the Src kinase family (SFKs)
are found in TNBC. Zins K uncovered that tyro-
sine phosphorylations of extracellular-signal
regulated kinase (ERK) and FAK regulated by
IL-34 participate in the migration and poor
prognosis of luminal and HER2-overexpression
breast cancer [11]. Targeting tyrosine phos-
phorylation of the B4 integrin/FAK complex trig-
gered by EGFR/Scr might be a valuable thera-
peutic target for TNBC [12].

Recently studies have found that some poten-
tial targeted drugs can overcome chemoresis-
tance in breast cancer by regulating the net-
work of tyrosine phosphorylation, such as lapa-
tinib, apatinib, and dasatinib [13-16]. These re-
sults found that targeting tyrosine phosphory-
lation might be a promising therapeutic strate-
gy, which improves prognosis in breast cancer.
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Table 1. Demographic and characteristics of PTPN4 in

breast cancer patients (n=140)

4), is one of the PTPs, the role of which is
still unknown in cancer. A few studies have

Total Low High

demonstrated that PTPN4 might be a
tumor suppressor gene [21, 22]. However,

Variable n=140  PTPN4 PTPN4 P
Age
<60 93 31(33.3%) 62(66.7%) 1.0000
>60 47 16 (34.0%) 31 (66.0%)
Position
Left 71 23(32.4%) 48 (67.6%) 0.8583
Right 69 24 (34.8%) 45 (65.2%)
Histological type
Ductal 130 42 (32.3%) 88 (67.7%) 0.3033
Non-ductal 10 5 (50.0%) 5 (50.0%)
Stage
I 33 8 (24.2%) 25 (75.8%) 0.3781
Il 61 21(34.4%) 40 (65.5%)
I 46 18(39.1%) 28 (60.9%)
Grade
G1 8 4 (50.0%) 4 (50.0%) 0.5542
G2 101  32(31.7%) 69 (68.3%)
G3 31 11(35.5%) 20 (64.5%)
Tumor size
T1 57 19(33.3%) 38(66.7%) 0.5921
T2 81 81(34.6%) 53 (65.4%)
T3 2 0 (0.0%) 2 (100%)
LN metastasis
Yes 65 26 (40.0%) 39 (60.0%) 0.1535
No 75  21(28.0%) 54 (72.0%)
ER
Positive 79  23(29.1%) 56 (70.9%) 0.2127
Negative 61 24 (39.3%) 37 (60.7%)
PR
Positive 60 19 (31.7%) 41 (68.3%) 0.7204
Negative 80 28(35.0%) 52 (65.0%)
Her2
Positive 29 8 (27.6%) 21(72.4%) 0.5129
Negative 111 39 (35.1%) 72 (64.9%)
Relapse
Yes 38 19(50.0%) 19 (50.0%) 0.0158
No 102 28 (27.5%) 74 (72.5%)
Menopause
Yes 69 21(30.4%) 48 (69.6%) 0.4774
No 71 26 (36.6%) 45 (63.4%)

the association of PTPN4 expression with
clinical parameters in breast cancer is yet
to be studied. In our study, we aim to deter-
mine the correlation of PTPN4 expression
with prognosis in breast cancer patients.
PTPN4 might be a useful biomarker for
predicting clinical outcomes in breast
cancer.

Materials and methods
Patients and tissue samples

The 140 cases of breast cancer tissues
were collected from March 2005 to Dece-
mber 2013 at the Affiliated Houjie Hospi-
tal of Guangdong Medical University (Dong-
guan, Guangdong, PR China). All the tissue
samples were selected based on the avail-
ability of archived formalin-fixed paraffin-
embedded tissue (FFPE) blocks for immu-
nohistochemical analysis. In addition, we
picked 30 breast hyperplasia tissues from
nearby carcinoma tissues. From the 140
invasive breast cancer samples, we dete-
cted the different expression levels of
PTPN4 by IHC analysis, as shown in Table
1. All the 140 cases of breast cancer were
initial tumors and were given surgical tre-
atment and chemotherapy, of which 38
cases had a relapse and 29 cases died
from the cancer through September 2016.
This study was carried out in accordance
with the recommendations of human bio-
medical research guidelines by the Ethics
Research Committee of Houjie Hospital.
The protocol was approved by the Ethics
Research Committee of Houjie Hospital.

Hematoxylin and eosin (HE) staining and
immunohistochemical analysis

We performed hematoxylin and eosin (HE)

LN: lymph node.

Protein tyrosine phosphatases (PTPs) have bo-
th oncogenic and anti-oncogenic roles in brea-
st cancer [17-20] by balancing the status of
tyrosine phosphorylation. PTPN4 (human pro-
tein tyrosine phosphatase, non-receptor type
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staining according to the clinical pathologi-
cal guidelines. The histological character-
istics were reviewed by two senior patho-
logists according to Breast tumors, Pathology
and Genetics (WHO 2012). A total of 140 for-
malin-fixed, paraffin-embedded human speci-
mens and 30 breast hyperplasia specimens
were analyzed. First, the tissues were deparaf-
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Figure 1. HE and IHC staining of breast hyperplasia, breast cancer and relapsed breast cancer tissues (x200). A.
The HE staining of the three group tissues, breast hyperplasia (left), invasive breast cancer (middle), and relapsed
breast cancer (right). B. Immunohistochemical analysis of PTPN4 in three group tissues, breast hyperplasia (left),
invasive breast cancer (middle) and relapsed breast cancer (right).

finized and sectioned. Next, the sections were
subjected to a sodium citrate buffer for heat-
induced antigen retrieval, and then immersed
in a 3% hydrogen peroxide solution to inhibit
endogenous peroxidase activity. Third, the sec-
tions were then incubated with the human PT-
PN4 monoclonal antibody (LifeSpan Bioscien-
ces, Seattle, WA, USA, LS-C406706) at 1:40
dilution overnight, and incubated with a sec-
ondary antibody. Finally, the sections were sub-
jected to the Liquid DAB Substrate Chromogen
System according to the manufacturer’s instru-
ctions. Specific staining of the PTPN4 protein
was localized to the cytoplasms of the cancer
cells. The protein’s expression level was evalu-
ated in at least 500 tumor cells in at least 5
high-power microscopy fields. All experiments
were performed in accordance with the appro-
ved guidelines and regulations of Affiliated Hou-
jie Hospital of Guangdong Medical University.

mRNA level of PTPN4 in different tissues and
analysis of clinical mRNA microarrays for the
detection of correlations between PTPN4 and
patient survival

The mRNA levels of PTPN4 were plotted in dif-
ferent adenocarcinomas by performing a GEPIA
online database search (http://gepia.cancer-
pku.cn/). We investigated the relationship of
PTPN4 with clinical subtypes and relapse in
breast cancer patients using the R2 online
database (http://r2.amc.nl). We chose specific
databases according to our research (Tumor
Breast-Bergh-159-MAS5.0-u133a for subtypes
and Tumor Breast-Wang-286-MAS5.0-u133a
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for relapse). The correlations between PTPN4
and overall survival and relapse-free survival
were plotted with the online database of Tu-
mor Breast-Bergh-159-MAS5.0-u133a.

Statistical analysis

Breast cancer relapse was defined as a region-
al or distant relapse in any other position all
over the body. Overall survival (OS) was defined
as the period from initial diagnosis to death
attributable to any cause. Relapse-free survival
(RFS) was defined as the time from initial diag-
nosis to relapse. A chi-Square test was used to
compare the PTPN4 expression with various
clinicopathologic variables. The data between
groups was analyzed with an unpaired t-test.
We identified risk factors involving recurrence
by analysis of logistic regression. The Kaplan-
Meier method was performed to plot the sur-
vival curves, and the differences between the
survival curves were analyzed by a log-rank
test. Cox multivariate regression analysis was
used to determine the independent factors
contributing to relapse in breast cancer pa-
tients. All the statistical analyses were per-
formed using IBM SPSS 20 software (SPSS,
Chicago, IL, USA), and P<0.05 was considered
statistically significant.

Results
Patient characteristics and demographics

Samples from 140 patients with invasive brea-
st cancer (median age, 54 years; range, 29-87

Int J Clin Exp Pathol 2018;11(10):4845-4853
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Figure 2. Expression level of PTPN4 in breast tissues. A. The percentage of PTPN4 positive cells in breast hyperpla-
sia and breast cancer tissues without relapse or with relapse. B. The PTPN4 mRNA levels in breast cancer patients
without relapse or with relapse were plotted using R2: Genomics Analysis and Visualization Platform. C. The mRNA
levels of PTPN4 in different adenocarcinomas including breast, lung, prostate and colon were plotted using GEPIA
online data (http://gepia.cancer-pku.cn/).
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Figure 3. Immunohistochemical analysis of PTPN4 in different subtypes of breast cancer tissues (x200). A. The IHC
staining of PTPN4 in breast cancer tissues without relapse, luminal breast cancer (left), Her2 overexpression breast
cancer tissues (middle) and TNBC tissues (right). B. IHC analysis of PTPN4 in breast cancer tissues with relapse,
luminal breast cancer (left), Her2 overexpression breast cancer tissues (middle) and TNBC tissues (right).

years) were used in the present study. To cre- cases of breast hyperplasia tissues nearby the
ate a control group, we randomly selected 30 carcinoma from the 140 samples to determine
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Figure 4. PTPN4 expression in different subtypes of breast cancer tissues. A. The percentage of PTPN4 positive cells
in the different clinical subtypes of breast cancer tissues. B. The PTPN4 mRNA levels in breast cancer patients with
different subtypes were plotted using microarray analysis and the visualization platform R2 (right, http://r2.amc.nl).

Table 2. Logistic regression analysis of factors predicting recur-

rence in breast cancer patients

also found that the expression
of PTPN4 was higher in breast
hyperplasia tissues than that

Parameters B Wald Sig. Exp (B) 95% ClI : -
Age (260 y) 0584 0.715 0.398 0.558 0.144-2.159 in breast carcinoma, although
Position (left) 0.021 0.002 0.960 1.022 0.440-2.375 ]Ehe "i"e' (;Nas uncertain in dl_f'
Histological type (Ductal) 1.473 1.403 0.236 4.364 0.381-49.944 erent a enocar(.zlnomas (Fi
gure 2C). Correlations between
Grade -0.342 0.099 0.753 0.711 0.085-5.957 .
the PTPN4 high or low expres-
Stage | 0.575 0.401 0.526 1.777 0.300-10.527 sion cases and the clinicopath-
Tumor size -0.453 0.601 0.438 0.636 0.202-1.998 ological parameters are sum-
LN metastasis (+) 0.872 2.284 0.131 2.391 0.772-7.408 marized in Table 1. PTPN4
ER (+) -1.275 5.093 0.024 0.280 0.092-0.846 expression was correlated with
PR (+) 1.069 3.481 0.062 2.913 0.947-8.959 relapse (P=0.0158) in breast
Her2 (+) 0.559 1.137 0.286 1.749 0.626-4.888 cancer patients.
Menopause (+) 0.746 1.348 0.246 2.110 0.598-7.438
PTPN4 (low) 1.013 5.084 0.024 2.753 1.142-6.641 Expression levels of PTPN4

LN: lymph node.

the expressions of PTPN4. The clinical charac-
teristics, such as age, tumor position, tumor
size, ER and Her2 status, are described in
Table 1.

Association between PTPN4 expression and
clinicopathological parameters

The HE staining and immunohistochemical ana-
lysis of breast hyperplasia and breast cancers
with or without relapse are shown in Figure 1.
The data show that the expression of PTPN4
was higher in the breast hyperplasia tissues
than that in the carcinoma tissues. And a
decreased PTPN4 expression was seen in
recurrent breast cancer tissues (Figure 2A). We

4849

in clinical subtypes of breast
cancer patients

We detected the expression levels of PTPN4 in
luminal group, Her2 overexpression and triple
negative breast cancer patients. The data sug-
gested that there was no difference among
molecular subtypes as shown in Figures 3
and 4A. The data online was consistent with
our study. The mRNA levels in breast cancer
patients with different subtypes were plotted
using a microarray analysis and the visualiza-
tion platform R2 (http://r2.amc.nl) (Figure 4B).

PTPN4 predicts relapse in breast cancer pa-
tients

Immunohistochemical analysis showed that the
expression of PTPN4 in breast cancer was high-

Int J Clin Exp Pathol 2018;11(10):4845-4853
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Figure 5. PTPN4 predicts survival in breast cancer. A. Kaplan-Meier analysis of the correlation between PTPN4 and
OS (left) and RFS (right) in breast cancer patients. B. Microarray data and Kaplan-Meier plots from OncolLnc data-
base online (http://www.oncolnc.org/) were used to assess the associations between PTPN4 gene expression and

patient survival of breast cancer (0S, left; RFS, right).

er than that in recurrent breast cancer tissues
(Figure 1). We found that the percentage of
PTPN4 positive cells in recurrent breast cancer
tissues was lower compared with carcinoma
tissues without relapse (Figures 2 and 3). The
analysis from the online database showed the
similar results in breast cancer patients with or
without relapse (Figure 2B). We identified the
relapse-related risk factors by logistic regres-
sion analysis, and the analysis suggested
decreased expression of PTPN4 was correlated
with relapse in breast cancer patients (Table
2).

Survival analysis
Among the 140 cases of breast cancer, 29

cases have died till September 2016. The mean
follow-up time of the patients was 108 months

4850

(26-132 (0S) and the range was 10-132 (DFS)).
Kaplan-Meier analysis was used to compare
the outcomes with the grouped patients. The
results in our study showed that patients with
lower expression of PTPN4 had a significant
association with a worse OS (P=0.0334) and
RFS (P=0.0172) in breast cancer (Figure 5A).
We also investigated the correlation betwe-
en PTPN4 and the survival of breast cancer
patients using Microarray data and Kaplan-
Meier plots from OncolLnc database online
(http://www.oncolnc.org/), which showed simi-
lar results (Figure 5B).

Prognostic factors
By Cox regression analysis, we assessed multi-

variates including age, position, histological ty-
pe, tumor grade, tumor stage, tumor size, lymph

Int J Clin Exp Pathol 2018;11(10):4845-4853
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Table 3. Multivariate survival analysis for OS and DFS in breast cancer

Parameters oS RFS
P HR (95% CI) P HR (95% Cl)

Age (=60y) 0.209 2.128 (0.655-6.913) 0.318 1.643 (0.620-4.356)
Position (left) 0.640 1.199 (0.560-2.564) 0.334 1.361 (0.728-2.546)
Histological type (Ductal) 0.284 3.596 (0.346-37.390) 0.584 1.580 (0.308-8.104)
Grade 0.989 0.988 (0.194-5.048) 0.529 1.678 (0.335-8.389)
Stage 0.960 1.047 (0.176-6.221) 0.571 1.487 (0.377-5.867)
Tumor size 0.304 1.726 (0.609-4.889) 0.901 1.050 (0.485-2.273)
LN metastasis 0.105 2.274 (0.842-6.137) 0.073 2.170 (0.932-5.045)
ER 0.011 0.299 (0.118-0.755) 0.011 0.378 (0.178-0.802)
PR 0.467 0.705 (0.275-1.808) 0.507 1.279 (0.619-2.642)
Her2 0.985 0.991 (0.412-2.383) 0.889 1.050 (0.522-2.118)
Menopause 0.477 1.543 (0.467-5.098) 0.591 1.303 (0.497-3.412)
PTPN4 (low) 0.047 2.289 (1.010-5.190) 0.028 2.113 (1.086-4.111)

DFS: disease-free survival; HR: hazard ratio; Cl: confidence interval; LN: lymph node.

node metastasis, ER status, PR status, Her2
status, menopause status, and PTPN4 expres-
sion, to evaluate whether PTPN4 expression in
breast cancer patients was an independent
predictor of OS and RFS. PTPN4 expression
(0S: P=0.047; RFS: P=0.028) was a significant
prognostic factor for breast cancer patients
(Table 3). We demonstrated that low PTPN4
expression was a significant independent fac-
tor for poor outcome of OS and RFS in breast
cancer patients.

Discussion

Lacking reliable biomarkers in breast cancer
patients for the prediction of recurrence is still
a difficult problem, which affects overall sur-
vival or relapse-free survival. Previous studies
revealed an association between PTPN4 expre-
ssion and cell death, but the role of PTPN4 in
breast cancer prognosis is unclear. In this study
we aimed to determine the correlation betw-
een PTPN4 expression and relapse in breast
cancer patients.

In our study, we demonstrated that PTPN4
expression was decreased in breast cancer
tissues. Further, we revealed that decreased
PTPN4 expression predicted poor RFS and OS.
Multivariate survival analysis showed that low
expression of PTPN4 was an independent prog-
nostic factor for poor survival in breast cancer
patients. In our study, we also determined that
the level of PTPN4 was significantly lower in
breast cancer tissues with relapse than that in
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tissues without relapse. The results strongly
suggested that PTPN4 might be a tumor sup-
pressor in breast cancer and uncovered a po-
tential clinical value of PTPN4 in breast cancer
recurrence, although we found there was no
differences in PTPN4 expression among the
molecular subtypes of breast cancer.

Previous studies showed that anti-oncogenic
PTPs played vital roles in cell growth-related
processes through their dephosphorylate on-
cogenic receptor protein in breast cancer [17,
21]. Zhu explored whether miR-183 could inhib-
it PTPN4 to regulate the death of cancer stem-
like cells in non-small cell lung cancer, which
were responsible for tumor growth and inva-
sion leading to recurrence and metastasis [22].
The anti-cancer role of PTPN4 in gastric cancer
depended on the cancer cell type and the mu-
tant status [23]. However, the mechanism of
PTPN4 that correlates with tumorigenesis and
prognosis remains to be elucidated.

With current studies on tumor environment, a
knowledge of tumor infiltrating lymphocytes
(TILs) is essential for understanding mecha-
nisms of breast cancer progression [24]. Stu-
dies showed that T-cell marker positive cells
(CD3+ and CD8+) contributed to the prediction
of recurrence and therapeutic response in tri-
ple negative and HER2-overexpression breast
cancers [25, 26]. Moreover, PTPN4 functions in
T cell development triggering immune respons-
es against the invasion of pathogens [27]. PT-
PN4 is an enzyme that leaves dephosphorylate

Int J Clin Exp Pathol 2018;11(10):4845-4853
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tyrosine residues on some proteins involved in
TCR (T cell receptor) signaling pathways [28].

Based on previous studies, we supposed that
PTPN4, as a tumor suppressor, participated
in tumorigenesis, chemotherapeutic response
and progression through regulating immune
responses and metabolization. The effect is
dependent on its chemical structure. PTPN4
contains highly homologous N-terminal FERM-,
central PDZ-, and C-terminal catalytic-domains.
The PDZ domain plays a key role in the regula-
tion of enzyme activity and the dynamic regula-
tion of signaling pathways [29], and it will be a
potential target for cancer treatment.

In conclusion, we demonstrated that recurrent
breast cancers are characterized by decreas-
ed PTPN4 expression. PTPN4 might be a novel
predictive biomarker to identify relapse in bre-
ast cancer patients. Increasing PTPN4 expres-
sion might be a promising strategy to improve
the chemotherapeutic response and outcome
of breast cancer patients, which has a great
value for additional targeted therapy.
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