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Abstract

Increasing evidence suggests mutations in human breast cancer cells that induce inappropriate expression of the 18-kDa cytokine
pleiotrophin (PTN, Ptn) initiate progression of breast cancers to a more malignant phenotype. Pleiotrophin signals through inactivating
its receptor, the receptor protein tyrosine phosphatase (RPTP)B/(, leading to increased tyrosine phosphorylation of different substrate
proteins of RPTPB/C, including B-catenin, B-adducin, Fyn, GIT1/Cat-1, and P190RhoGAP. PTN signaling thus has wide impact on dif-
ferent important cellular systems. Recently, PTN was found to activate anaplastic lymphoma kinase (ALK) through the PTN/RPTPB/(
signaling pathway; this discovery potentially is very important, since constitutive ALK activity of nucleophosmin (NPM)-ALK fusion
protein is causative of anaplastic large cell lymphomas, and, activated ALK is found in other malignant cancers. Recently ALK was
identified in each of 63 human breast cancers from 22 subjects. We now demonstrate that RPTPB/( is expressed in each of these same
63 human breast cancers that previously were found to express ALK and in 10 additional samples of human breast cancer. RPTPB/(
furthermore was localized not only in its normal association with the cell membrane but also scattered in cytoplasm and in nuclei in
different breast cancer cells and, in the case of infiltrating ductal carcinomas, the distribution of RPTPB/( changes as the breast cancer
become more malignant. The data suggest that the PTN/RPTPB/( signaling pathway may be constitutively activated and potentially
function to constitutively activate ALK in human breast cancer.
© 2007 Elsevier Inc. All rights reserved.
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Pleiotrophin (PTN, Ptn) is a cytokine that has impor-
tant roles in development and differentiation of different
cells [1,2]. Pleiotrophin is expressed in different human can-
cers [3-11], and recently, PTN was identified in different
subtypes of human breast cancers [12-14]. Targeting of
constitutive PTN signaling in human breast cancers that
inappropriately express Ptn by a dominant negative PTN
reverses their malignant phenotype both in wvitro and
in vivo [15]. These studies suggest constitutive PTN signal-
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ing in human breast cancers may have an important place
in the pathogenesis of human breast cancers.

To address the mechanism through which inappropriate
expression of PTN may stimulate progression of breast
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Fig. 1. Expression of RPTPB/( in different human breast cancers. (A) Infiltrating ductal carcinoma. (B) Normal breast tissue. (C) Infiltrating lobular
carcinoma. (D) Infiltrating ductal carcinoma (papillary pattern). (E) Medullary carcinoma. (F) Mucinous adenocarcinoma. (G) Intraductal carcinoma.

(H) Paget’s disease.

cancer, mouse mammary tumor virus (MMTYV) promoter-
driven Ptn expressed in MMTV-polyoma virus middle T
antigen (PyMT)-Ptn transgenic mice were analyzed and
shown to induce rapid growth of morphologically identi-
fied foci of ““scirrhous” carcinoma, to extensively remodel
the microenvironment, and to induce tumor angiogenesis
in the breast cancers of MMTV-Py M T—Ptn mice, support-
ing directly the conclusion that inappropriate expression of
Ptn promotes breast cancer progression in mice; the data
linked the consequences of constitutive PTN signaling
directly with progression of mouse breast cancers to a phe-
notype closely resembling a most malignant form of human

cancer [16]; this study also linked the critical importance of
secretion of PTN to the critical features of tumor angiogen-
esis and remodeling of the tumor microenvironment
needed to support aggressive breast cancers.

Pleiotrophin signals by inactivating its receptor, the
receptor protein tyrosine phosphatase (RPTP)B/¢ [17,18];
the loss of the tyrosine phosphatase activity of RPTPB/
in PTN-stimulated cells leaves tyrosine kinases that target
the same sites normally dephosphorylated by RPTPR/( free
to phosphorylate these same sites, thereby increasing levels
of tyrosine phosphorylation of the different substrates of
RPTPB/C. The downstream targets of the PTN/RPTPB/(
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signaling pathway and thus the substrates of RPTPB/(
include B-catenin [17], B-adducin [19,20], Fyn [21], GIT1/
Cat-1[22], and P190RhoGAP [23], proteins critical to func-
tions of different cellular systems. PTN through the PTN/
RPTPB/( signaling pathway thus appears to have a wide
impact on the function of PTN-stimulated cells. It is sug-
gested that PTN through the PTN/RPTPB/( signaling
pathway regulates diverse systems to coordinately influence
cell function, a suggestion supported by the recent demon-
stration that PTN stimulates an epithelial to mesenchymal
transition (EMT) in PTN-stimulated cells.

Recently, we demonstrated that anaplastic lymphoma
kinase (ALK) is activated through the PTN/RPTPB/C sig-
naling pathway (Perez-Pinera et al. submitted for publica-
tion)® and not through the direct interaction of PTN with
ALK, as recently suggested [24-26]. Thus, ALK is acti-
vated through an alternative mechanism of receptor tyro-
sine kinase (RTK) activation that is dependent on
enforced dimerization and inactivation of RPTPB/C.

ALK is a receptor protein tyrosine kinase of the insulin
receptor superfamily [27] known to have an essential role in
normal development; however, ALK was first discovered
as the constitutive active nucleophosmin (NPM)-ALK
fusion protein that results from of the (2;5)(p23;q35) chro-
mosomal translocation; NPM-ALK is the oncoprotein
that initiates anaplastic large cell lymphomas. We also
recently demonstrated that ALK is highly expressed in
each of 63 samples of human breast cancer of different sub-
types from 22 subjects and furthermore, that the subcellu-
lar location and patterns of ALK expression in these
different breast cancers differs significantly from its pattern
of expression in normal breast tissues [28]. These studies
appear to be important, since they suggest that ALK
may be activated through the constitutively activated
PTN/RPTPB/¢ signaling pathway in breast cancers that
inappropriately express Ptn.

To pursue the significance of these findings and the pos-
sibility that RPTPB/( is expressed in these same breast can-
cers that express ALK, we have now analyzed the
expression of RPTPB/( and its distribution in human
breast cancers by immunohistochemistry.

Methods

Immunohistochemistry. Breast cancer tissue arrays (Catalog No. CCO08-
01-005) were obtained from Cybrdi (Frederick, Maryland). Tissue samples
were obtained from the Tissue Bank of the Principado de Asturias.

Tissue slides were deparaffinized (2 x 10 min) in xylene, and hydrated
(2 x 10 min) with 100% 95% (2 x 10 min), (1 x 10 min) 90%, (1 x 10 min)
70% ethanol and distilled water (10 min). The slides were then incubated in
antigen retrieval solution (trypsin 0.05%, CaCl, 0.1%, pH 7.8) for 20 min
at 37 °C and then for 10 min at room temperature in a humidified chamber
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as previously described [29]. Endogenous peroxidase was quenched by
incubating the sections with 3% hydrogen peroxide for 5 min and the
tissues were permeabilized by incubating the samples in Tris-buffered
saline (TBS, 10 mM Tris, pH 7.6, 150 mM NacCl) with 1% Triton X-100
for 30 min. Non-specific binding of the antibodies was reduced by incu-
bating the sections for 30 min in a blocking solution containing 2% bovine
calf serum, 2% goat serum, 1% BSA, 0.1% gelatin, 0.1% Triton X-100,
0.05% Tween 20 in 10 mM PBS, pH 7.2. The sections were incubated
overnight with anti-RPTPB/{ antibodies (BD Biosciences, La Jolla, CA)
diluted 1:100 in PBS, pH 7.2, 1% BSA, 0.1% gelatin overnight. The slides
were then washed with permeabilization solution (2 x 10 min), incubated
with SuperPicTure polymer from Zymed for 30 min or the Envision sec-
ondary antibody-conjugated polymer from Dako, washed in PBS
(2 x 3 min), and developed with DAB provided with the in the SuperPic-
Ture kit Zymed. The slides were rinsed in distilled water 10 min and
dehydrated with 70% (1 x 10 min), 90% (1 x 10 min), 95% (2 x 10 min),
100% ethanol (2 x 10 min), and cleared in xylene (2 x 10 min), mounted,
observed with a Nikon TE2000U microscope coupled with a Confocal
Cell Imaging CARYV system, and photographed.

Slides with breast cancers from mouse mammary tumor virus
(MMTYV)-polyoma middle T antigen (PyMT) mice were used as positive
control for RPTPB/( expression. Samples from MMTV-PyMT mice in
which primary antibodies were omitted were used as negative control.The
tumor staging we used as follows:

Tumor staging

Grade I: 3-5 points
Grade II: 6-7 points
Grade III: 8-9 points
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Fig. 2. Levels of expression of RPTP/( in different human breast cancers.
The levels of expression of RPTPB/{ were quantified using light
microscopy and scored in a scale from 1 to 3. The results demonstrated
that 75% of the infiltrating ductal carcinomas and 75% of the infiltrating
lobular carcinomas expressed low levels of RPTPB/{ whereas 100% of the
medullary carcinomas, 100% of the mucinous carcinomas, and 100% of
the intraductal carcinomas express moderate levels of RPTPP/C. Interest-
ingly, 80% of the cases of Paget’s disease were found to express high levels
of RPTPB/C and the single sample of comedocarcinoma only weakly
expressed RPTPR/C.
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Nuclear pleomorphism
Small and regular nuclei 1
Moderate increase in nuclear size
Marked pleomorphism or nucleolus 3

Mitotic index

0-8 mitosis per 10 fields 1

9-16 mitosis per 10 fields

More than 17 mitosis per field 3
Results

Expression of RPTPB/C was tested in 63 samples of
human breast cancer from 22 subjects using immunohisto-
chemistry. The histological phenotypes of the breast can-
cers studied included infiltrating duct carcinomas,
infiltrating lobular carcinomas, medullary carcinomas,
mucinous adenocarcinomas, intraductal carcinomas, com-
edocarcinoma, and Paget’s disease. RPTPB/{ was
expressed in all breast cancer samples analyzed (Fig. 1)
and in normal tissue (Fig. 1B). RPTPB/{ was expressed

in the breast cancer cells themselves, but importantly,
RPTPB/¢ also was expressed in the carcinoma associated
fibroblast within the breast cancers.

To assess the relative levels of expression of RPTPB/(
protein, the levels of its expression were scored according
to the intensity of immunoreactivity observed using light
microscopy and a scale of 1 (low) to 3 (high). The results
demonstrated that 75% of the infiltrating ductal carcino-
mas and 75% of the infiltrating lobular carcinomas
expressed low but readily detectable levels of RPTPB/(
whereas 100% of the medullary carcinomas, 100% of the
mucinous carcinomas, and 100% of the intraductal carci-
nomas express moderate levels of RPTP B/C. Interestingly,
80% of the cases of Paget’s disease were found to express
high levels of RPTPB/C (Fig. 2). The results also demon-
strated that the subcellular localization of RPTPB/C is
not homogeneous in any of the breast cancers studied, in
contrast to the expression of RPTPB/( in normal breast tis-
sues. As example, in Paget’s disease of the breast, RPTPB/(
expression was also found in the nuclei (Fig. 1H, arrows).

To develop a better understanding of the subcellular
location of RPTPB/C, we used ten biopsies from human

Fig. 3. Levels and pattern of expression of RPTPB/( in infiltrating ductal carcinomas. Immunohistochemistry for RPTPB/C in grade I (A,B), grade 11
(C,D), and grade III (E,F). Nuclear staining was observed in all grades whereas the cytoplasmic expression was lost in the highest grade. Magnification:

20x on the left panels, 40x on the right panels.
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Fig. 4. Patterns of expression of RPTPB/( in different carcinomas. (A) Unequal cytoplasmic and nuclear staining in an uncommon variant of apocrine
carcinoma associated to androgen receptors. (B) Nuclear and cytoplasmic staining in a mucinous carcinoma. Magnification: 40x.

breast cancers stained using immunohistochemistry with
anti-RPTPB/( antibodies (Fig. 3). The results confirmed
that RPTPB/( is expressed in ductal carcinomas, in lobular
carcinomas, in mucinous carcinomas, and in medullary
carcinomas. In the ductal carcinomas, nuclear staining
was found in each of the grades of increasing malignancy
of infiltrating ductal carcinomas from grades I to IT1I. How-
ever, cytoplasmic expression that is prominent in I and II is
lost in the most aggressive grade III infiltrating ductal car-
cinoma. These results suggest that possibly different iso-
forms of RPTPPB/{ may be expressed in different types of
tumors and that changes in the expression pattern of
RPTPB/( are associated with tumor progression to higher
grades of malignancy. The data also suggest the possibility
that RPTPB/C that has been inactivated through the PTN-
enforced dimerization may be processed and appear in dif-
ferent stages of degradation.

In addition, other patterns of expression of RPTPB/(
were seen in subtypes of breast cancers. Apocrine carcino-
mas express RPTPB/{ in an unequal cytoplasmic and
nuclear staining (Fig. 4A), whereas mucinous carcinomas
express RPTPB/C in a mixed nuclear and cytoplasmic pat-
tern (Fig. 4B).

Discussion

We recently demonstrated that ALK is a substrate of
RPTPB/{ and that the PTN-dependent inactivation of
RPTPB/( is a mechanism through which ALK is activated
(Perez-Pinera et al. submitted for publication)?. This
mechanism of activation of ALK is unique; it is indepen-
dent of the classically described direct interaction of a
growth factor with its cognate receptor tyrosine kinase
(RTK). We also demonstrated that ALK is expressed in
each of 63 human breast cancers taken from 22 subjects,
suggesting the possibility that constitutive activation of
ALK by the PTN/RPTPB/( signaling pathway may stimu-
late progression of human breast cancers. In studies in pro-
gress, we also have identified PTN and midkine (MK) also
known to signal through RPTPB/( [30] in human breast
cancers, in further support of the possibility that ALK
may be activated through the PTN(MK)/RPTPB/( signal-
ing pathway.

In these studies, it is demonstrated that RPTPB/C is
expressed in each of the breast cancer samples studied. It
is furthermore demonstrated that the distribution of
RPTPB/C in each of the subtypes of human breast cancer
examined differs from that found in normal breast epithe-
lium and furthermore, the distribution of RPTP/( in infil-
trating ductal carcinomas changes as the breast cancers of
this subtype become increasingly aggressive.

The demonstration that PTN, RPTPB/(, and ALK are
expressed in human breast cancers is consistent with the
hypothesis that ALK may be activated through the PTN/
RPTPB/( signaling pathway and activated ALK may func-
tion as a potent oncogenic protein in the pathogenesis of
human breast cancer.
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