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Abstract. Patients with triple negative breast cancer (TNBC) 
have a higher rate of distant recurrence and a poorer prog-
nosis than those with other breast cancer subtypes. Therefore, 
it is important to study the mechanism of TNBC relapse. A 
retrospective immunohistochemical analysis of the expres-
sion of receptor protein tyrosine phosphatase ζ (PTPRZ1) 
and pleiotrophin (PTN) was performed for 325  cases of 
breast cancer. These samples included 66 cases of luminal A 
breast cancer, 67 cases of luminal B breast cancer, 78 cases of 
Her‑2‑enriched breast cancer, 78 cases of TNBC and 36 cases 
of relapsed TNBC (RTNBC). In addition, 30 control specimens 
and 30 cases of metastasized lymph nodes were examined. 
PTPRZ1  and PTN were highly expressed in the RTNBC 
group. Compared with the RTNBC group, significant differ-
ences in the expression of PTPRZ1 were observed between the 
TNBC, BC and control groups. A significant difference was 
observed in the expression of PTN in the BC group (P<0.05) 
compared to RTNBC, and there were no significant differences 
in the expression of PTPRZ1 and PTN among the molecular 
subtypes. No significant correlation was observed between the 
expression of PTPRZ1, PTN, ER, PR, Her‑2 and ALN and the 
tumor size or menopause status. No significant correlation was 
identified between the expression of PTPRZ1 and PTN and the 
expression of CD24 and CD44. In summary, high expression 
of PTPRZ1 may be an independent risk indicator for TNBC 
recurrence and metastasis.

Introduction

Breast cancers (BCs) that are defined by a lack of demonstrable 
expression of the estrogen and progesterone receptors (ER and 
PR), and human epidermal growth factor receptor 2 (HER2) 
protein represent ~15‑20% of all breast cancers and have been 
labeled ῾triple‑negative’ breast cancers (TNBCs). TNBCs 
affect younger patients more frequently, and have an increased 
prevalence in African‑American women. TNBC tumors are 
typically larger in size, of higher grade, exhibit lymph node 
involvement at diagnosis, and are more biologically aggressive 
than other breast cancer tumors (1,2).

Currently, there are limited therapeutic options available 
for TNBC, and apart from surgery, conventional chemo-
therapy is likely the only effective treatment for TNBC 
patients. Despite having higher rates of clinical response to 
neoadjuvant chemotherapy, TNBC patients also have a higher 
rate of distant recurrence and a poorer prognosis than patients 
with other breast cancer subtypes. Fewer than 30% of women 
with metastatic TNBC survive for 5 years, and almost all 
die from their disease, despite adjuvant chemotherapy (2,3). 
Furthermore, several previous studies have demonstrated that 
TNBC is more sensitive to adjuvant or neoadjuvant chemo-
therapy than other subtypes of BC (1,4). Previous neoadjuvant 
trials have also shown that TNBC is correlated with better 
prognosis. Within the TNBC group, those who attained a 
pathological complete response (pCR) had an overall survival 
similar to that of patients in the non‑TNBC group who also 
attained a pCR. However, in comparison with the patients 
who did not reach pCR in both groups, those with TNBC 
experienced a worse outcome (5,6). The risk of recurrence 
was higher in the TNBC group during the first three years but 
not thereafter (7,8); moreover, the median survival time from 
recurrence to death was significantly shorter in patients with 
the TNBC subtype compared with patients in the non‑TNBC 
group  (4). Unfortunately, only a minority of patients with 
TNBC are extremely sensitive to chemotherapy, with a good 
potential outcome. However, at present the reasons for the 
majority of TNBC patients being insensitive to chemotherapy 
remain unknown.

Receptor protein tyrosine phosphatase  ζ (PTPRZ1), a 
member of the PTPR family, is a single‑pass type I membrane 
protein with two cytoplasmic tyrosine phosphatase domains 
(D1  and  D2), an α carbonic anhydrase domain (CA), 
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chondroitin sulfate proteoglycans (CS‑PGs) and a fibronectin 
type‑III domain (FNIII) (9). PTPRZ1 interacts with its ligand 
pleiotrophin (PTN), a secreted growth factor that is involved 
in angiogenesis and tumor growth (10,11). Upon binding, PTN 
inactivates the phosphatase activity of PTPRZ1, which leads to 
an increased phosphorylation of tyrosine residues in important 
signaling molecules such as β‑catenin, Fyn and the RhoGAP 
domain (12‑16).

Rokavec et al (16) identified that PTPRZ1 may be involved 
in the initiation and maintenance of breast and prostate cancer. 
The expression of miR‑200c in both human breast and prostate 
cancer cells is inversely correlated with the expression level 
of interleukin‑6 (IL‑6), nuclear factor‑κB (NF‑κB) activity, 
and phosphorylation of JNK2. Silencing of IL‑6  induces 
miR‑200c expression, whereas the overexpression of miR‑200c 
represses IL‑6  expression in MDA‑MB‑231  cells. The 
IL‑6‑miR‑200c‑JNK2‑p65 circuit is present in human cancer 
cells. miR‑200c downregulates PTPRZ1, which contributes to 
the constitutive phosphorylation of IκBα, and this downregula-
tion results in the constitutive activation of p65. Furthermore, 
ERα may be involved in the IL‑6‑induced downregulation of 
miR‑200c. Therefore, PTPRZ1 may be important in chemore-
sistance and relapse in cases of TNBC.

Materials and methods

Human cancer samples. Samples were obtained with 
informed consent from each individual patient. The present 
study was approved by the Ethics Committee of the Second 
Xiangya Hospital of Central South University, Changsha, 
China. Between January 2010 and December 2013, a total of 
1852 patients with breast cancer were treated at the Second 
Xiangya Hospital, Changsha, China. All primary cancers with 
a pathologic diagnosis based on the classification scheme of 
the WHO classification were selected for review (17). The 
following cases were selected for inclusion in the present 
study: 66 cases with the luminal A molecular subtype (A), 
67 cases with the luminal B molecular subtype (B), 78 cases 
with the Her‑2‑enriched molecular subtype (H), 78 cases with 
the TNBC molecular subtype (T), and 36 cases with TNBC 
that relapsed within the first three years (RTNBC). Thirty 
cases of breast fibroadenoma were included as the control 
group (CON).

Antibodies. The anti-human antibodies that were used in 
the present study include: Anti‑PTPRZ1  (cat  no.  55125) 
from Sigma‑Aldrich, St. Louis, MO, USA, and anti‑pleiotro-
phin (cat  no.  10821), anti‑CD24  (cat  no.  18330), and 
anti‑CD44 (cat no. 60224) from Millipore, Billerica, MA, 
USA.

Immunohistochemistry (IHC). All IHC analyses were 
performed on paraffin‑embedded tissues that were obtained 
from the primary tumor surgical specimen. For all IHC 
analyses, the surgically resected specimens were fixed in 
10% formalin and embedded in paraffin for routine patholog-
ical examination. 5‑µm‑thick paraffin sections were cut from a 
paraffin block and we ensured that each section contained histo-
logical findings that were representative of the tumor. Antigen 
retrieval was performed using citrate buffer solution (pH 6.0). 

Endogenous peroxidase was blocked with 0.3%  H2O2  in 
methanol for 15 min, and all slides were microwaved to 95˚C 
for 20 min and then cooled at room temperature (RT). The 
slides were then washed in phosphate‑buffered saline, and 
after a 1‑h incubation at RT with the primary antibodies, 
the slides were incubated for 30 min with Polymer EnVision 
TM+ (peroxidase‑conjugated anti‑mouse or anti‑rabbit; Dako, 
Tokyo, Japan). The chromogen was 2% 3,3'‑diaminobenzidine 
in 50 mM Tris‑buffer (pH 7.6) containing 0.3% H2O2.

Statistical methods. Data processing and statistical analyses 
were conducted using the SPSS version 19.0 software package. 
The data were analyzed through a one‑sample t test, one‑way 
ANOVA test or Pearson's correlation test. P<0.05 was consid-
ered to represent a statistically significant difference.

Results

PTPRZ1 is highly expressed in the RTNBC group of patients. 
The immunohistochemical evaluations of 325 cases of breast 
cancer samples were analyzed in terms of PTPRZ1 and PTN 
expression. The samples included 66  cases of luminal  A 
breast cancer, 67 cases of luminal B breast cancer, 78 cases 
of Her‑2‑enriched cancer, 78 cases of TNBC and 36 cases of 
RTNBC. Additionally, 30 control specimens and 30 cases of 
metastasized lymph nodes (LNs) were examined. Cytoplasmic 
yellow or tan staining was considered positive  (Fig.  1). 
PTPRZ1 and PTN were both highly expressed in patients in 
the RTNBC group compared with patients in the RTNBC 
group. Significant differences were observed in the expres-
sion of PTPRZ1 among the TNBC, BC and control groups, 
and a significantly different expression of PTN was also 
observed in the BC group (P<0.05). However, no significant 
difference was noted in the comparisons between the other 
groups (Table I and Fig. 2).

Expression of PTPRZ1 and PTN in each molecular subtype 
of breast cancer. No significant differences were identified 
in the expression of PTPRZ1 and PTN among the molecular 
subtypes (A, B, H and T) (Table II and Fig. 3).

Association among PTPRZ1, PTN and the clinical patho-
logical features of patients with breast cancer. No significant 
correlation was observed among the expression of PTPRZ1, 
PTN, ER, PR, Her‑2 and ALN and the tumor size and whether 
the patient had begun menopause (P>0.05) (Table III).

Correlation between the expression of PTPRZ1 and PTN and 
the expression of CD24 and CD44. To study the correlation 
between PTPRZ1 and PTN and the expression of CD24 and 
CD44, the expression of CD24 and CD44 was analyzed in 
325 cases of breast cancer by IHC. No significant correlations 
between the expression of PTPRZ1 and PTN and the expres-
sion of CD24 and CD44 were found (P>0.05) (Table IV).

Discussion

TNBCs are not a truly homogeneous group with biologically 
uniform behaviors. Classic morphological analyses using light 
microscopy and simple IHC have led to the identification 
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of this subset of TNBC for clinical utility, which has facili-
tated the assumption that these cancers represent a discrete 
clinical entity. Clinical case series and reviews have indeed 

identified a generally poor prognosis for patients with these 
cancers in comparison with ER‑positive and HER2‑positive 
cancers (1,2,18,19). This phenomenon is caused in large part by 

Figure 1. Protein tyrosine phosphatase ζ (PTPRZ1) and pleiotrophin (PTN) are expressed in human breast cancer, lymph nodes and fibroadenoma tissues. 
(A) Fibroadenoma, PTPRZ1 [SABC method x400, area integral optical density (IOD), 286.87]; (B) breast cancer, PTPRZ1 (SABC method x400, area IOD, 
1360.95); (C) lymph nodes, PTPRZ1 (SABC method x400, area IOD, 486.34); (D) fibroadenoma, PTN (SABC method x400, area IOD, 39.77); (E) breast 
cancer, PTN (SABC method x400, area IOD, 633.78); (F) lymph nodes, PTN (SABC method x400, area IOD, 164.07).

Table I. Differential expression of PTPRZ1 and PTN in the RTNBC, TNBC, BC, LN and control groups.

	 PTN	 PTPRZ1
	 ----------------------------------------------------------------------	 -----------------------------------------------------------------------
Group	 No.	 Mean ± SD	 P-value	 Mean ± SD	 P-value

RTNBC	 36	 277.32±191.75	 0.050	 760.21±494.87	 0.129
TNBC	 78	 247.76±232.45		  345.10±240.83b

BC	 211	 140.01±84.14a		  395.20±370.58c

LN	 30	 122.03±45.75		  353.77±89.69
Control	 30	 135.79±121.44		  336.62±89.39d

Compared with the RTNBC group, aP=0.029; compared with the RTNBC group, bP=0.015, cP=0.017, dP=0.042. BC group: luminal A, luminal B 
and Her-2 enriched group. PTPRZ1, protein tyrosine phosphatase ζ; PTN, pleiotrophin; TNBC, triple negative breast cancer; RTNBC, relapsed 
TNBC; LN, lymph node; CON, control group; SD, standard deviation.

Table II. Differential expression of PTN and PTPRZ1 in molecular subtypes of breast cancer.

	 PTN	 PTPRZ1
	 ------------------------------------------------------------------------	 -------------------------------------------------------------------------
Subtype	 No.	 Mean ± SD	 P-value	 Mean ± SD	 P-value

A	 66	 153.09±93.71	 0.055	 334.63±232.43	 0.809
B	 67	 122.53±109.64		  419.42±495.78
H	 78	 143.72±47.66		  425.94±366.50
T	 114	 257.09±215.49		  476.19±382.09

A, Luminal A molecular subtype; B, luminal B molecular subtype; H, Her-2-enriched molecular subtype; T, TNBC molecular subtype and 
RTNBC molecular subtype. PTPRZ1, protein tyrosine phosphatase ζ; PTN, pleiotrophin; SD, standard deviation.
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Table IV. Correlation between PTPRZ1 and PTN and the expression of CD24 and CD44.

	 PTN	 CD24	 CD44
	 ----------------------------------------------	 ----------------------------------------------	 ----------------------------------------------
	 No.	 CI	 P-value	 CI	 P-value	 CI	 P-value

PTPRZ1	 325	 0.179	 0.195	 0.086	 0.536	 0.153	 0.271

PTPRZ1, protein tyrosine phosphatase ζ; PTN, pleiotrophin; CI, confidence interval; CD, cluster of differentiation.

Table III. Association between the expression of PTPRZ1 and PTN and patient clinicopathological features.

	 PTN	 PTPRZ1
	 ---------------------------------------------------------------------	 ----------------------------------------------------------------------
Feature	 No.	 Mean ± SD	 P-value	 Mean ± SD	 P-value

ER					   
  Positive	 133	 137.11±100.33	 0.079	 364.38±381.03	 0.337
  Negative	 192	 211.52±176.14		  464.47±368.00
PR					   
  Positive	 115	 147.71±105.44	 0.240	 401.84±403.62	 0.754
  Negative	 210	 199.39±172.56		  435.56±361.02
Her-2					   
  Positive	 78	 143.72±47.66	 0.316	 425.94±366.50	 0.980
  Negative	 247	 193.09±172.78		  422.98±379.66
ALN					   
  Positive	 168	 195.82±195.50	 0.472	 394.61±313.51	 0.557
  Negative	 157	 165.46±89.64		  455.02±432.42
Tumor size					   
  <2 cm	 132	 187.00±109.29		  464.22±431.89	 0.568
  2-5 cm	 157	 192.75±194.84	 0.486	 422.82±360.06
  >5 cm	 36	 109.92±46.38		  278.92±107.37
Menopause					   
  Yes	 138	 154.72±95.08	 0.278	 431.70±194.71	 0.893
  No	 157	 200.80±184.25		  417.75±362.76

PTPRZ1, protein tyrosine phosphatase ζ; PTN, pleiotrophin; ER, estrogen receptor; PR, progesterone receptor; ALN, axillary lymph node.

Figure 2. Differential expression of protein tyrosine phosphatase ζ (PTPRZ1) 
and pleiotrophin (PTN) in each group. BC, breast cancer; CON, control. 

Figure 3. Differential expression of protein tyrosine phosphatase ζ (PTPRZ1) 
and pleiotrophin (PTN) in each group.
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the absence of effective targeted therapies with broad activity 
in breast cancers that are defined only as TNBCs.

Within the TNBC cohort, significant biological diversity 
exists, which results in the variability of clinical outcomes in 
response to chemotherapy (19). Lehmann et al (20) identified 
six defined subtypes within a cohort of TNBC patients, based 
on gene expression. The basal‑like  (BL)‑1, BL‑2, mesen-
chymal, mesenchymal stem‑like (MSL), immunomodulatory, 
and luminal androgen receptor (LAR) subtypes were identi-
fied. Genomic cluster analysis identified specific genes and 
pathways that characterize these subsets, as follows: prolifera-
tive and DNA‑repair pathways in the BL1 subtype; epidermal 
growth factor hepatocyte growth factor receptor and Wnt in 
the BL2 subtype; immune signaling in the immunomodula-
tory subtype; cell motility in both the mesenchymal and 
mesenchymal stem‑like subtypes, and hormonal signaling in 
the luminal androgen receptor subtype. Significant clinical 
diversity has been observed among these robustly defined 
molecular subtypes, as evidenced by markedly different 
responsiveness to neoadjuvant chemotherapy. As an example, 
52% of patients with the BL1 subtype achieve pCR, whereas 
0% of patients with BL2 achieve pCR (21). A meta‑analysis 
of gene expression in 190 cases of TNBC that were identi-
fied by IHC and also identified as BL by the intrinsic gene set 
also revealed considerable clinical diversity in terms of prog-
nosis. Signatures of an activated stroma exhibited a poorer 
prognosis, whereas for signatures that reflected BRCA1 loss, 
reduced mTOR signaling, and activation of the Src pathway 
were associated with a better prognosis.

In conclusion, the present study demonstrated that the 
expression of PTPRZ1 was significantly higher in the RTNBC 
group than in the TNBC, BC and control groups. These 
results indicate that high expression of PTPRZ1 may be an 
independent risk factor for the recurrence and metastasis of 
human TNBC. With regard to cancer, previous studies have 
demonstrated that PTPRZ1 expression is significantly induced 
by genetic amplification caused by chronic oxidative stress and 
hypoxic stress through HIF‑2α (12,22). Tumor hypoxia has 
been demonstrated to play a crucial role in both tumorigenesis 
and therapeutic resistance. Recently, it has been suggested 
that hypoxia leads to and maintains the undifferentiated 
state of tumor stem cells, which contributes to chemoresis-
tance (9,23‑26). To study the correlation among PTPRZ1, its 
ligand PTN, and breast cancer stem cells, the expression of 
CD24 and CD44 was evaluated in 325 cases of breast cancer 
by IHC. No significant correlation between the expression of 
PTPRZ1 and PTN and the expression of CD24 and CD44 
was found. Therefore, future studies to further elucidate the 
mechanism of action of PTPRZ1 are required.
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