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Abstract
Aim: To correlate the microcalcifications’ characteristics, such as morphology and elemental compositions, with the
occurrence of bone metastatic lesions at 5 years from diagnosis.
Methods: In this retrospective study, we enrolled 70 patients from which we collected one breast biopsy each. From
each biopsy, paraffin serial sections were obtained to perform histological classifications, immunohistochemical
analyses and Energy Dispersive X-ray evaluation.
Results: Microcalcifications analysis showed a significant association between the presence of calcium crystals made
of magnesium substituted hydroxyapatite and the development of bone metastasis from 5 years from diagnosis.
No significant association was observed by evaluation the morphological appearance of microcalcifications.
Immunohistochemical analysis displayed a significant association between the expression of bone morphogenetic
proteins 2 and pentraxin-3, two osteoblast induction factors, and the formation of bone metastatic lesions.
Conclusion: Results here reported highlighted the possible use of breast microcalcifications as a negative prognostic
marker of bone metastatic diseases. In particular, the association between elemental composition of breast
microcalcifications and the formation of bone lesions can lay the foundation for the development of new in vivo
diagnostic tools based on the analysis of microcalcifications and capable to predict the formation of bone metastasis.
© The Author(s) 2019. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
sharing, adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.
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INTRODUCTION

Bone metastasis from breast cancer represent the main disability associated to breast cancer[1,2]. Indeed, the
occurrence of bone metastatic lesions affected the patients’ quality of life by inducing pain, hypercalcemia,
bone fracture and spinal compression[2]. Also, the progression of metastatic lesions is often the cause of the
patient’s death[2].
In this context, the early identification of breast cancer lesions with high propensity to form bone metastasis
could improve the patient’s survival allowing to clinicians to choose the more appropriate therapeutical
protocol.
In the last years, several studies investigated the cellular and molecular mechanisms involved in the breast
cancer osteotropism[3-6]. In particular, our group described, for the first time, a new breast cancer cell type
showing an osteoblast-like phenotype, the breast osteoblast-like cells (BOLCs)[7]. As the real osteoblasts, it
is demonstrated that these cells are capable to product calcium crystals made of hydroxyapatite (HA) of
magnesium substituted hydroxyapatite (MgHAp) in a process similar to the physiological mineralization[7].
Several molecules have been associated to the process of the formation of microcalcifications in breast
cancer. Among them, deserve particular mention the bone morphogenetic proteins 2 (BMP-2) and
pentraxin-3 (PTX3). BMP-2 is currently considered the most powerful osteoblast induction factor[8], whereas
it is recently demonstrated the ability of PTX3 to induce both osteoblast proliferation and activity[9,10]. In
particular, studies of Scimeca et al.[7] highlighted the essential role of PTX3 in bone metabolisms founding
a correlation between the impairment of PTX3 expression and the inhibition of osteoblast activity. In these
reports authors suggested a direct role of PTX3 in the assembly of HA crystals. Surprisingly, the presence of
BOLCs into breast cancer lesions is also associated to the development of bone metastatic lesions at five years
from diagnosis. Therefore, the presence of microcalcifications made of HA or MgHAp in breast lesions could
be considered as a negative prognostic factor for bone metastatic diseases as well as the BOLCs.
Starting from these considerations, the aim of this study was to correlate the microcalcifications’
characteristics, such as morphology and elemental compositions, with the occurrence of bone metastatic
lesions at 5 years from diagnosis.

METHODS
In this retrospective study, we enrolled 70 patients from which we collected one breast biopsy each. Our
study protocol was approved by independent ethical committee. From each biopsy, paraffin serial sections
were obtained to perform histological classifications, immunohistochemical analyses and energy dispersive
X-ray (EDX) evaluation. Exclusion criteria were history of previously or concomitant other neoplastic
diseases, autoimmune diseases, viral chronic infections (HBV, HCV, and HIV), and any antitumoral
treatment received before biopsy.
Histology

After fixation in 10% buffered formalin for 24 h, breast tissues were paraffin embedded. Four μm thick
sections were stained with haematoxylin-eosin (H&E)[11].
EDX microanalysis

The EDX microanalysis is a technology that performs the elemental and chemical analysis of a sample in a
transmission electron microscope. When the electron beam in an electron microscope hits a thin sample,
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some atoms of the sample will be excited or ionized. When they return into their ground state, they will
emit characteristic X-rays. The X-ray emission at different wavelengths may then be measured by a photonenergy-sensitive detector[12,13].
The EDX detector system performs a simultaneous display of all mid-energy (1-20 keV) X-rays collected
during any individual analysis period. Therefore, it is possible to detect those elements with N.A. > 10.
The minimal detectable elemental concentration, which requires some signal averaging, is approximately
0.1 mmol/kg of dry specimen (i.e., 10 ppm), whereas spatial resolution ranges from about 10 nm to a few
micrometers[12,13].
All breast samples underwent ultrastructural microanalysis. Following to the identification of
microcalcifications, six-micrometer-thick paraffin sections were embedded in Epon resin as previously
described[12]. Briefly, sections were de-paraffinized, hydrated, osmium tetroxide-fixed, dehydrated in
ethanol and propylene oxide and infiltrated in Epon. The embedding capsules were positioned over areas
containing microcalcifications identified by Toluidine Blue staining previously. Unstained ultra-thin
sections of approximately 100-nm-thick were mounted on copper grids for microanalysis. EDX spectra
of microcalcifications were acquired with a Hitachi 7100FA transmission electron microscope (Hitachi,
Schaumburg, IL, USA) and an EDX detector (Thermo Scientific, Waltham, MA, USA) at an acceleration
voltage of 75 KeV and magnification of 12,000. Spectra were semi-quantitatively analyzed by the Noram
System Six software (Thermo Scientific, Waltham, MA, USA) using the standardless Cliff-Lorimer k-factor
method[12,13]. The EDX microanalysis apparatus was calibrated using an X-ray microanalysis standard
(Micro-Analysis Consultants Ltd., Cambridgeshire, UK).
Immunohistochemistry

We employed immunohistochemical techniques to study the expression of molecules associated to
microcalcifications production, PTX3 and BMP-2. Briefly, antigen retrieval was performed on 3-μm-thick
paraffin sections using EDTA citrate pH 7.8 buffers for 30 min at 95 °C. Sections were then incubated for
1 h at room temperature with the following primary antibodies diluted 1:100: BMP-2 (clone N/A; Novus
Biologicals, USA) and PTX3 (clone MNB1; Abcam, UK). Reactions were revealed by HRP-DAB Detection
Kit (UCS Diagnostic, Italy). To assess the background of immuno-staining we included a negative control
for each reaction by incubating the sections with secondary antibodies (HRP) and detection system (DAB).
Reactions have been set-up by using specific control tissues as indicated in the data sheets.
Statistical analysis

Separate χ 2 tests were used to assess the associations between morphological appearance and experimental
groups and between elemental composition and experimental groups. Difference between the
expression of biomarkers evaluated by immunohistochemistry were evaluated by Mann Whitney test.
Immunohistochemical values were reported as mean value ± standard error.

RESULTS
Histology

The study of H&E sections allowed us to classify breast biopsies in ductal infiltrating carcinomas according
to Nottingham Histological system[14]. Specifically, we observed 15/70 G1 infiltrating carcinomas, 38/70
G2 infiltrating carcinomas and 17/70 G3 infiltrating carcinomas. Also, based on the presence of metastatic
lesions at 5 years from diagnosis, biopsies collected in the study were classified as follow: 30 infiltrating
carcinomas of patients with clinical evidence of bone metastasis (BM+) (59.65 ± 1.23 years) and 40
infiltrating carcinomas of patients without clinical evidence of bone metastasis (BM-) (57.91 ± 0.96 years).
Microcalcifications were detectable in 63.3% of BM+ and in 62.5% of BM-. From morphological point of
view, we observed 63.3% of psammomabodies and 36.7% of polymorphous calcifications in BM+ and 62.5%
of psammomabodies and 37.5% of polymorphous calcifications in BM- [Figure 1A-C].
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Figure 1. Study of breast microcalcifications. A: Representative image of ductal infiltrating breast carcinoma with several psammoma
bodies (asterisks); B: image shows a ductal infiltrating breast carcinoma with polymorphous calcifications (asterisks). Scala bars
represent 100 µm for all images; C: graph displays the percentage of psammoma bodies and polymorphous calcifications in BM+ and
BM- patients; D: graph displays the percentage of hydroxyapatite (HA) and Magnesium substituted hydroxyapatite (MgHAp) in BM+
and BM- patients

EDX microanalysis

Analysis of the elemental composition of microcalcifications revealed the presence of two form of calcium
crystals in our samples: HA, and MgHAp [Figure 1D]. Statistical analysis shows a significant distribution
of these types of calcifications in BM+ and BM- [Figure 1D]. In particular, calcifications of BM+ group were
70% MgHAp and 30% HA, whereas in BM- group we noted 37.5% of MgHAp and 62.5% of HA [Figure 1D].
Immunohistochemistry

We employed immunohistochemical techniques to study the expression of two osteoblast induction factors,
BMP-2 and PTX3. Immunohistochemical positivity was evaluated on digital images (Iscan Coreo, Ventana,
Tucson, AZ, USA) by a semi-quantitative approach. Specifically, immunoreactions for BMP-2 and PTX3
were evaluated by counting the number of positive breast infiltrating cells (out of a total of 500 in randomly
selected regions). Our results showed a significant increase of BMP-2 expression in BM+ breast lesions as
compared to BM- group (BM+ 205.6 ± 17.57; BM- 131.8 ± 14.17; P = 0.030) [Figure 2A and B]. In agreement
with this, we also observed a significant increase of PTX3 expression in patients of BM+ group as compared
to those of BM- (BM+ 209.0 ± 19.32; BM- 135.6 ± 13.10; P = 0.0024) [Figure 2C and D].

DISCUSSION
In the last years, numerous studies highlighted the role of breast microcalcifications in the pathophysiogenesis of both breast cancer occurrence and progression [3-6,15,16]. In particular, we recently
demonstrated the presence of breast cancer cells with an osteoblast phenotype (breast osteoblast-like cells-

Bonfiglio et al . J Cancer Metastasis Treat 2019;5:29 I http://dx.doi.org/10.20517/2394-4722.2018.88

Page 5 of 7

Positive cells/500

P = 0.0030

Positive cells/500

P = 0.0024

Figure 2. Immunohistochemical analysis of bone morphogenetic proteins 2 (BMP-2) and pentraxin-3 (PTX3). A: Graph shows the
number of BMP-2 positive breast cancer cells in BM+ and BM- patients; B: representative image of BMP-2 expression in a ductal
infiltrating breast carcinoma; C: graph shows the number of PTX3 positive breast cancer cells in BM+ and BM- patients; D: image displays
the PTX3 expression in a case of ductal infiltrating breast carcinoma. Scala bars represent 100 µm for all images

BOLCs) able to product microcalcifications made of HA or MgHAp[7]. Noteworthy, the breast cancer lesions
characterized by the presence of BOLCs showed high propensity to form bone metastasis[7]. Thus, the
presence of microcalcifications in breast lesions could represent a negative prognostic marker for metastatic
diseases. Starting from these considerations, the aim of this study was to correlate the microcalcifications’
characteristics, such as morphology and elemental compositions, with the occurrence of bone metastatic
lesions at 5 years from diagnosis. To this end, we retrospectively collected breast cancer lesions of patients
with (BM+) or without (BM-) clinical evidence of bone metastatic lesions. Our results clearly indicate that
elemental composition, but not morphological appearance, of breast microcalcifications can predict the
presence or development of bone metastatic lesions. In particular, according with the data reported by
Bonfiglio et al.[15], in this study the breast cancer lesions of BM+ patients were frequently characterized by
the presence calcifications made of MgHAp. Thus, the presence of MgHAp could play an active role in
breast cancer progression. Indeed, as hypothesized in our previously study, the ability of HA to bind Mg
can support the neoplastic progression by inhibiting the activity of DNA repair enzymes that require Mg as
co-factor. These data further support the hypothesis that the bone metastatic process of breast cancer can
be driven by BOLCs. Indeed, we also noted that breast cancer cells of BM+ patients acquired the capability
to express two of the most important osteoblast induction factors such as BMP-2 and PTX3. BMP-2 is a
member of TGF-β superfamily that which regulate numerous process in bone metabolisms[8]. Specifically,
BMP-2 is involved in both mesenchymal stem cells recruitment and differentiation into mature osteoblasts[8].
In a recent paper, Scimeca et al.[7] demonstrated the expression of BMP-2 by BOLCs. PTX3, also known as
TNF-inducible gene 14 protein, is a molecule involved in several process of innate immunity[17,18]. It is also
demonstrated that PTX3 have a role in the extracellular matrix formation as well as bone formation[9]. In
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this context, the expression of BMP-2 and PTX3 in BM+ lesions can provide a scientific rationale for BOLCs
development and microcalcifications formation. Also, it is known that both BMP-2 and PTX3 are involved
in the EMT phenomenon. Thus, it is possible to speculate that these molecules have role both in BOLCs
generation that in the production of HA or MgHAp crystals by the BOLCs themselves.
In conclusion, results here reported highlighted the possible use of breast microcalcifications as a negative
prognostic marker of bone metastatic diseases. In particular, the association between elemental composition
of breast microcalcifications and the formation of bone lesions can lay the foundation for the development of
new in vivo diagnostic tools based on the analysis of microcalcifications and capable to predict the formation
of bone metastasis. In this scenario, the in vivo analysis of elemental composition of microcalcifications by
RAMAN spectroscopy could improve the clinical armamentarium available for the diagnosis and stadiation
of breast cancer.
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