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draining lymph from the tumor area. The sentinel node is sent for pathological 
evaluation and if metastatic spread is discovered in this examination, a subsequent 
axillary dissection may be performed [9]. 

After surgery the patient is again discussed in a multidisciplinary conference which 
suggests if and what adjuvant treatment should be recommended to the patient. 
Depending on the histopathology of the tumor and on other patient factors, a range 
of adjuvant oncological treatments are available, including radiation, endocrine 
therapy, chemotherapy, and immunological therapy, to reduce the risk of recurrent 
disease. To aid in the recommendation of treatment there is a national care program 
for breast cancer in Sweden, with adaptations by regional cancer centers (RCC) [9, 
11]. 

Development of a breast tumor

The breast is an epithelial organ composed of various proportions of glandular and 
adipose tissue [10]. Its normal growth and function (lactation) is influenced by sex 
hormones (estrogen and progesterone), growth factors (epidermal growth factor 
(EGF), fibroblast growth factors (FGF) and insulin-like growth factors (IGF)) and 
other agents which up- and down-regulate different genetic pathways in order to 
make cells proliferate or regress. When a tumor evolves the initial tumor cells have 
to overcome a series of normal defenses over a long period of time. Starting with a 
genetic predisposition, new defects in the 
transcriptional process lead to a cascade 
which in turn leads to a deregulated cell cycle, 
when tumor cells acquire an ability to avoid 
regulating feedback loops and sustain a 
chronic state of proliferation without 
inducing apoptosis [12].  

A breast cancer in situ has acquired the ability 
to divide endlessly, but does not have the 
ability to traverse the basement membrane 
[12]. In order to do so the tumor must produce 
specific gene products, such as 
hyaluronidase. When the tumor is invasive it 
can invade surrounding tissue, and 
disseminate either via the lymphatic drainage 
system or by intravasation through blood 
vessels to secondary sites, usually the 
skeleton or the liver [8, 9].  

Figure 2: Illustration of a female breast. 
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hand, seem to decrease skeletal metastases and improve survival in mice models 
with disseminated breast cancer [59]. Hence, there are reasons to believe that levels 
of PTH might influence breast cancer prognosis. 

Calcium and breast cancer 

It is known that high serum levels of calcium may follow a malignant diagnosis 
[33]. It has also been shown that increasing levels of calcium, reduce proliferation 
and increase differentiation of breast cancer cells in vitro [60].  

The calcium sensing receptor (CaSR) was first recognized by its ability to sense 
changes  in extracellular free calcium levels and thereby regulate secretion of PTH 
[61]. CaSR is also expressed in normal [62] and breast cancer cells [63]. Results 
from previous studies on the direct effect of CaSR signaling on cancer 
development and progression have been inconsistent [64], but it appears that 
PTHrP production in breast cancer cells is regulated by CaSR, and therefore CaSR 
might have an indirect effect on the ability of a tumor to cause bone metastases 
[65]. 

Single nucleotide polymorphisms 

The human genome is typically to more than 99% identical between two individuals 
[66]. The differences may consist of variants of complete genes that are built from 
a long sequence of nucleotides. Some differences are due to very small variants 
when only a single nucleotide is exchanged for another. These small variations are 

Figure 7: A SNP is a variation of only one nucleotide in a DNA sequence. 
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