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Abstract

Background CacyBP/SIP (calcyclin binding protein/Siah-
1 interacting protein) was originally discovered in Ehrlich
ascities tumor cells but was later found also in many dif-
ferent tumors.

Methods To better understand the function of CacyBP/SIP
in carcinogenesis, we used immunohistochemistry, Western
blotting, and RT-PCR assays to study the distribution and
level of CacyBP/SIP in mammary tissues after tumor
induction in rat with DMBA [(dimethylbenz[a]anthra-
cene)]. Application of such a model allowed us to monitor
changes in CacyBP/SIP level during development of breast
cancer.

Results We found that both the protein and mRNA levels
of CacyBP/SIP gradually increased in pathologically
changed tissues and were highest in tumors taken 8 weeks
after DMBA treatment. Similar changes as for CacyBP/SIP
were detected in the level of f-catenin.

Conclusion Increase in CacyBP/SIP expression during
development of breast cancer, observed early in the
mammary tissues with only minimal pathological changes,
might suggest an important role of this protein in the
process of carcinogenesis.
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Abbreviations

DMBA  Dimethylbenz[a]anthracene

DTT Dithiothreitol

GAPDH Glyceraldehyde 3-phosphate dehydrogenase
PAGE Polyacrylamide gel electrophoresis

SDS Sodium dodecyl sulfate

TBS Tris buffered saline

Introduction

CacyBP/SIP (calcyclin binding protein/Siah-1 interacting
protein) was discovered in Ehrlich ascities tumor cells [1].
Recent studies have indicated that CacyBP/SIP participates
in many cellular processes [2] such as regulation of the
ERK1/2 pathway [3, 4], organization of the tubulin-actin
cytoskeleton [5, 6], differentiation of neuroblastoma cells
and cardiomyocytes [5, 7], and regulation of apoptosis [8].
In addition, CacyBP/SIP also seems to play a key role in
the development of different cancers. Among them is
pancreatic cancer [9-11], in which CacyBP/SIP expression
is associated with an aggressive phenotype. Increased
CacyBP/SIP expression is also observed in renal cell car-
cinoma in which the up-regulation seems to be associated
with suppression of cell growth and carcinogenesis [12].
Recently, it was reported that CacyBP/SIP could play an
important role in colon cancer [13, 14]. Although these
data suggest a possible involvement of CacyBP/SIP in
carcinogenesis its precise role in this process still remains
unclear.

As mentioned above, CacyBP/SIP was discovered in
Ehrlich ascities tumor [1], which is of a breast cancer origin.
Up to now, only two papers have been published regarding
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the search for the role of CacyBP/SIP in breast cancer. One of
them shows that expression of CacyBP/SIP is significantly
decreased in breast cancer tissues [15], whereas the
other demonstrates that CacyBP/SIP expression is increased
in this tumor [16]. To better understand the role of CacyBP/
SIP in breast cancer, particularly during its development,
we used a rat model of this tumor. Such a model allowed
us to collect and examine tissues at different time points,
i.e., at different stages of cancer development, after induc
tion of tumor with a synthetic carcinogen—dimethyl-
benz[a]anthracene (DMBA) [17, 18]. In this work we ana-
lyzed the level of the CacyBP/SIP protein and its mRNA in
rat mammary cancer samples using immunohistochemistry,
Western blotting, and RT-PCR. We found that the level of
CacyBP/SIP increases during development of cancer in a
manner similar to the level of an oncogene, ff-catenin.

Materials and methods
Rat breast cancer model

The studies on adult Sprague—Dawley female rats were
conducted with approval of the Ethics Committee of the
Medical University of Lodz, Poland. Animals were housed
in an environmentally controlled room (temperature
23 °C £ 1 °C, 12 h light/12 h dark cycle). Before tissue
samples were taken rats were anesthetized and killed by
cervical dislocation.

For the studies, three control rats and six rats with
DMBA-induced mammary cancer were used, i.e., one
control and two DMBA-treated rats for each time point.
Rats at 48-50 days of age were gavaged with PBS (control)
or 20 mg/kg of DMBA suspended in 1.6 ml of olive oil.
Animals were inspected weekly for mammary tumors by
palpation. No tumors were detectable 3 and 6 weeks after
treatment; thus, two mammary tissue samples were taken
from each of the DMBA-treated rats as well as from con-
trol animals. Eight weeks after treatment tumors were
easily discernible and seven tumors were excised alto-
gether from the two DMBA-treated rats and two mammary
tissue samples from the control animal.

Preparation of tissue extracts, SDS-PAGE, and Western
blotting

Control tissues or tumors were homogenized with Polytron,
four times for 30 s at 6,000 rpm, in lysis buffer containing
50 mM Tris—HCI pH 7.5, 150 mM NaCl, 1 mM EDTA,
2 mM DTT, and protease inhibitors. Protein concentration
was quantified according to Bradford’s procedure and 40 pg
of protein was separated by SDS-PAGE (10 %) by the
method of Laemmli [19]. Then, the proteins were transferred

onto nitrocellulose and identified using appropriate primary
antibodies: rabbit anti-CacyBP/SIP affinity purified poly-
clonal antibody (1:100, made in house), monoclonal anti-f3-
catenin (1:500, Sigma), or monoclonal anti-GAPDH anti-
body (1:3,000, Alexis Biochemicals). Blots were washed
with TBS-T buffer (50 mM Tris pH 7.5, 200 mM NaCl,
0.05 % Tween 20) and then allowed to react with secondary
antibodies, either goat anti-mouse IgG (1:10,000, Jackson
Immunoresearch Laboratories) or goat anti-rabbit IgG
(1:5,000, MP Biomedicals) conjugated to horseradish per-
oxidase. After three washes with the TBS-T buffer and two
washes with the TBS buffer (50 mM Tris pH 7.5, 200 mM
NaCl) blots were developed with the ECL chemilumines-
cence kit (Amersham Biosciences) followed by exposition
against a RETINA X-ray film.

Immunohistochemistry and immunofluorescence
staining

The 4 um formalin fixed paraffin embedded sections were
deparaffinized in xylene and alcohols. Then antigen retrieval
was performed by cooking sections in 0.01 M citric buffer,
pH 6.0 in a microwave oven. The endogenous peroxidase
activity was blocked by incubation with 3 % hydrogen per-
oxide for 30 min. After this step sections were placed in
2.5 % bovine serum albumin (BSA, DakoCytomation,
Germany) to reduce unspecific binding. The affinity purified
rabbit anti-CacyBP/SIP (made in house) or anti-f}-catenin
(BD Biosciences) antibodies were applied at 1:50 dilution in
2.5 % BSA and the sections were incubated overnight at
4 °C. Antigen detection was performed using the anti-rabbit
Envision + System-HRP Labelled Polymer (DakoCyto-
mation, Germany) and visualization was carried out using
3,3’-diaminobenzidine (DAB) (DakoCytomation, Germany)
as a chromogen. After this immunohistochemical procedure
sections were counterstained with hematoxylin to visualize
cell nuclei. Sections were analyzed using a Nicon Eclipse 801
microscope.

In the case of immunofluorescence staining the sections
were deparaffinized and blocked in 2.5 % BSA. Then
sections were incubated with primary antibodies as
described above and with secondary donkey anti-rabbit
conjugated with Alexa555 or donkey anti-mouse conju-
gated with Alexa488 (Jackson Immunoresearch). Section
were mounted in Vectashield (Vector) and analyzed using
Leica TCS SP5 confocal microscope.

Reverse transcriptase-polymerase chain reaction
(RT-PCR)

Total RNA was extracted by homogenization of frozen rat

tissues with TRIzol reagent (Invitrogen), followed by cen-
trifugation for 10 min at 12,000 rpm in an Eppendorf
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centrifuge. Then 2 pg of RNA was reverse transcribed using
M-MLV Reverse Transcriptase (Sigma). The sequences of
primers for CacyBP/SIP were as follows: forward 5'-
AAGACACGGAATTTTGAGGC-3" and reverse 5'-CAC-
ATCACCAGTTCCCATACGG-3'. For GAPDH, sequences
of primers were the following: forward 5- AC-
CACAGTCCATGCCATCAC-3’ and reverse 5'-TCCAC-
CACCCTGTTGCTGTA-3'. Then the PCR products were
separated in 1 % agarose gel containing 0.1 pg/ml ethidium
bromide. Pictures of Western blots and agarose gels were
taken using the Ingenius Biolmaging system (Syngene).

Results
Histopathology

In all mammary sections taken at different time points
from the control animals (treated with PBS) as well as in

Control

Fig. 1 Hematoxylin and eosin staining of rat mammary tissue
sections. Normal epithelial ducts are visible in mammary sections
taken from rats 3 weeks after PBS (control) (a) or DMBA (b,
c) treatment. Normal histology is also seen in mammary sections
taken from control rats after 6 and 8 weeks (d, g), whereas in one
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mammary sections taken 3 weeks after treatment with
DMBA, normal epithelial histology was observed (Fig. la,
d, g and b, c, respectively). Initial changes resembling
tumor tissue were observed only in one out of two mam-
mary samples taken from one rat 6 weeks after DMBA
treatment. As shown in Fig. le and f, small, preinvasive
carcinoma is detected with the predominance of ductal
carcinoma in situ structures. This pathologically changed
tissue, obtained from a rat 6 weeks after DMBA treatment,
was then used for anti-CacyBP/SIP staining and for Wes-
tern blotting and RT-PCR analysis. Eight weeks after
DMBA treatment both rats developed tumors. Three
tumors were found in one rat (1.2, 0.4, and 0.6 cm in
diameter) and four in the other (1, 1, 2.2, and 1.2 cm in
diameter). All tumors displayed features of ductal invasive
carcinoma and diverse morphology. Within some tumors,
cribriform, papillous, and pseudopapillous structures were
seen (Fig. 1h, i). The histological grade of each tumor was
determined as grade 2, based on tubule formation, nuclear
size, and mitotic count.

mammary sample taken 6 weeks (e, f) and in all tumors taken
8 weeks after DMBA treatment (h, i) preinvasive (e, f) and invasive
(h, i) carcinoma structures were found. Representative images, out of
three analyzed for each tissue sample, are shown. The bar is 20 pm in
the left and right panels and 100 pm in the middle panel
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Distribution and level of CacyBP/SIP at different stages
of rat breast cancer development

Immunohistochemical staining with anti-CacyBP/SIP
antibodies of sections obtained from mammary tissues,
either control or 3 weeks after DMBA treatment, revealed
the presence of this protein at the vestigial level and was
limited only to few granules localized in normal duct
epithelial cells and stroma (Fig. 2a). On the contrary, in
sections of the mammary sample taken 6 weeks after
DMBA treatment, which showed histopathological chan-
ges, the CacyBP/SIP immunoreactivity was more promi-
nent, present in a form of deposits in the cytoplasm of
cancer cells (Fig. 2a, lower right panel). Similar results,
showing an increase in the level of the CacyBP/SIP protein

A Control

3 weeks

6 weeks

and its mRNA in this sample, were obtained using Western
blotting (Fig. 2b) and RT-PCR (Fig. 2c).
Immunohistochemical staining with anti-CacyBP/SIP
antibodies of sections prepared from mammary tumors
taken 8 weeks after DMBA treatment was similar to the
immunostaining of sections prepared from the pathologi-
cally changed mammary tissue taken 6 weeks after DMBA
treatment, but the CacyBP/SIP immunoreactivity was
much more intensive. Furthermore, in sections from two
different tumors (S1 and S2) taken from two different rats
8 weeks after DMBA treatment, especially high CacyBP/
SIP immunoreactivity was seen in cells localized at the
basal layer of the ductal structures (Fig. 3a). An increase in
the CacyBP/SIP protein and mRNA level was confirmed by
Western blotting (Fig. 3b) and RT-PCR (Fig. 3c).

anti CacyBP/SIP
B | 3 weeks | | 6 weeks | c | 3 weeks | | 6 weeks |
» | ag NP \cl » |ad » >
0(\\‘0 0§l\% oi\‘ «© ><9§h oi\“o X0§h?) Co(\\‘o 0¥[\%

WB: anti GAPDH

WB: anti CacyBP/SIP - -

Fig. 2 a Immunohistochemical staining of CacyBP/SIP in mammary
tissues of control and DMBA-treated rats taken 3 and 6 weeks after
treatment. Two tissue samples from one control and two DMBA-
treated animals were examined and representative imagines are
shown. Weak cytoplasmic staining is seen in mammary sections from
control or DMBA-treated rats after 3 weeks (upper panels) and in a
control section taken after 6 weeks (left, lower panel). In one
mammary sample taken from a rat 6 weeks after DMBA treatment the
CacyBP/SIP immunoreactivity was more intensive and was seen in
the form of cytoplasmic deposits in a small population of cancer cells
(right, lower panel, arrow). The bar is 20 pm. b Western blot
showing the level of CacyBP/SIP in mammary tissues of control or
DMBA-treated rats taken 3 or 6 weeks after treatment. 40 pug of

C

protein was applied on the SDS gel. Staining with anti-GAPDH
antibody shows that each lane contains a similar amount of proteins.
Representative immunoblots for samples taken from the control and
3 week DMBA-treated animals are shown, whereas in the case of
6 week DMBA-treated animals an immunoblot representative of the
sample showing preinvasive changes is shown. ¢ Results of RT-PCR
showing the level of mRNA for CacyBP/SIP. The level of mRNA for
GAPDH indicates that a similar amount of total RNA was used in the
reaction. Representative analyses, out of two performed, of samples
taken from the control and 3 week DMBA-treated animals are shown.
In the case of 6 week DMBA-treated animals a representative
analysis, out of two performed, for the sample showing preinvasive
changes is shown

GAPDH
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Fig. 3 a Immunohistochemical staining of CacyBP/SIP in control
and tumor sections taken 8 weeks after DMBA treatment. The
CacyBP/SIP immunoreactivity in tumor samples S/ and S2 (sections
prepared from two different tumors taken from two different rats) is
present predominantly in the cytoplasm of cancer cells localized at
the basal layer of ductal structures (arrows in SI). Representative
images, out of three analyzed for each tissue sample, are shown. Bar
is 20 pm. b Western blot showing the level of CacyBP/SIP in the

A 3 weeks

control mammary tissue and tumor samples (S/ and S2) taken
8 weeks after DMBA treatment. 40 pg of protein was applied on the
SDS gel. Staining with anti-GAPDH antibody shows that each lane
contains a similar amount of protein. A representative immunoblot is
shown. ¢ Results of RT-PCR showing the level of mRNA for
CacyBP/SIP. The level of mRNA for GAPDH indicates that a similar
amount of total RNA was used in the reaction. A representative RT-
PCR analysis, out of two performed, for each sample is shown

WB: anti -catenin

WB: anti GAPDH

Fig. 4 a Immunohistochemical staining with anti-f-catenin antibody.
In the control section immunoreactivity is present in the cytoplasm
and cell membranes of epithelial cells. In sections obtained from
mammary samples taken 3, 6, and 8 weeks after DMBA treatment the
immunoreactivity is increased in nuclei of cancer cells localized at the
basal layer of the ductal, cribriform, and papillary structures (arrow).
The bar is 20 pum. Representative images, out of three analyzed for

@ Springer

each tissue sample, are shown. b Western blot showing the level of f-
catenin in the control mammary tissue and in tumor samples taken 3,
6, and 8 weeks after DMBA treatment. 40 pg of protein was applied
on the SDS gel. Staining with anti-GAPDH antibody shows that each
lane contains a similar amount of protein. A representative immu-
noblot, out of three performed for samples shown in Fig. 4a, is
presented
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Fig. 5 Immunofluorescence
staining of f-catenin and
CacyBP/SIP in sections of
control and DMBA-treated rats.
p-Catenin is shown in green and
CacyBP/SIP is in red. The bar is
10 pm. Representative images,
out of three analyzed for control
and S1 sample taken from

8 week DMBA-treated animal,
are shown

anti p-catenin merged

anti CacyBP/SIP

Correlation between CacyBP/SIP and f-catenin level
in breast cancer tissues

In order to check whether the increased level of CacyBP/
SIP is correlated with that of an oncogene, f-catenin, we
examined the tissue samples for the presence of the latter
protein. The immunostaining of f-catenin in control
mammary tissue was uniformly distributed among the

Control

epithelial cells and was mainly seen in the cytoplasm and
in the cell membrane (Fig. 4a). In section prepared from
mammary tissues taken 3, 6, and 8 weeks after DMBA
treatment, the immunoreactivity is increased in nuclei of
cancer cells localized at the basal layer of the ductal,
cribriform, and papillary structures with the highest
intensity in those taken at 8 weeks. An increase in f-
catenin level in mammary tissues obtained from rats treated

@ Springer



356

Breast Cancer (2014) 21:350-357

with DMBA was also confirmed by Western blot analysis
(Fig. 4b).

Although, the level of both proteins, f-catenin and
CacyBP/SIP, was increased in cancer tissue, detailed
immunofluorescence analysis showed that they had distinct
subcellular localization (Fig. 5). f-Catenin was clearly
visible in areas of cell-to-cell contact, whereas CacyBP/SIP
was localized in the cytoplasm with more intense staining
in apical cell areas.

Discussion

Breast cancer is the most common malignancy among
women worldwide and is the most common cause of death
for women between 35 and 50 years of age. Women with
breast cancer are at risk of developing metastases for their
entire lifetime [20]. Despite advances in genetic and bio-
chemical analyses, the precise mechanism of mammary
carcinogenesis is unknown. Thus, a better understanding of
the mechanisms and signals involved in breast cancer
progression could lead to the development of more targeted
therapies to inhibit the pathways or some molecules that
promote disease progression [21]. One approach is to
search for novel molecules/proteins which might regulate
and be important in carcinogenesis.

Regarding the protein of our interest, CacyBP/SIP, there
are several reports showing its possible involvement in
carcinogenesis. In some cases CacyBP/SIP seems to
function as a tumor suppressor, i.e., in gastric or renal cell
carcinoma [12], and in other cases, such as pancreatic or
colon cancer, as an oncogene [9, 13]. In the case of breast
cancer there are only two papers concerning this protein
and they yield contradictory data. One group indicated that
a lower level of CacyBP/SIP was present in the tumor
tissue in comparison to the control one and, moreover,
reduction in CacyBP/SIP expression was associated with
poor prognosis of breast cancer patients [15]. In contrast,
Wang and co-workers [16] suggested that CacyBP/SIP was
up-regulated in breast cancer tissues. To further explore the
problem of CacyBP/SIP expression in breast carcinogene-
sis, we decided to check CacyBP/SIP expression both at the
mRNA and protein level in breast cancer tumors induced
by DMBA. This approach allowed us to monitor CacyBP/
SIP expression at different stages of breast cancer devel-
opment and we found, using this model, that CacyBP/SIP
is up-regulated during carcinogenesis. The most interesting
result is that the expression of CacyBP/SIP, at both mRNA
and protein levels, was quite well detectable in the mam-
mary tissue with only minimal pathological changes
obtained 6 weeks after DMBA treatment. This observation
suggests that CacyBP/SIP plays an important role in breast
carcinogenesis at a very early stage of its development.
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Some earlier studies indicated that CacyBP/SIP might
modulate the malignant cell behavior by regulating the
level of p-catenin [22]. fp-Catenin is a protein which,
besides being involved in cell adhesion, may act as an
oncogene in different types of tumor [23]. Stabilization and
accumulation of f-catenin in the cell, due to activation of
the Wnt pathway [24], promotes nuclear translocaton of f3-
catenin and its binding to TCF/LEF (T cell factor/leukocyte
enhancing factor 1) which in consequence activates genes
important for cell proliferation such as cyclin D1. Notably,
this gene is amplified in about 20 % of human breast
cancers [25] and the cyclin D1 protein is expressed at
increased level in about 50 % of human breast tumors [26].

In this work we found that the level of CacyBP/SIP was
increased in rat mammary cancer tissues similarly to the
level of f-catenin, although both proteins appeared to have
distinct subcellular localization. To uncover the role of
CacyBP/SIP in breast cancer and to elucidate the possible
interrelationship between these two proteins further studies
are needed.
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