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Editorial

Novel mediators of breast cancer bone metastasis—insights from 
studies of gene-regulation and the global proteome
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Breast cancer (BCa) is a leading cause of cancer death in 
women, being responsible for 458,000 deaths worldwide 
within women each year (1). Metastatic spread to the skeleton 
is a significant complication with over 75% of advanced breast 
cancer patients developing bone metastases (2). Current 
treatment options for breast cancer bone metastasis focus 
on the use of bone targeted agents such as denosumab (3)  
or bisphosphonates (4) to reduce the occurrence of 
skeletal related events, such as pathological fractures, 
hypercalcaemia or spinal cord compression. Adjuvant 
bisphosphonate use has demonstrated a significant reduction 
in risk of bone metastasis and improved survival within post-
menopausal women (4). Despite these significant advances 
in the treatment of breast cancer bone metastasis there is 
still a significant unmet need for biomarkers which predict 
risk of breast cancer spread to bone, and the mechanisms 
responsible for spread to the skeleton are incompletely 
understood.

Cancer-spread to bone is known to alter bone homeostasis 
via signalling effects upon bone-resorbing osteoclasts and 
bone forming osteoblasts (5). Osteolytic metastases, which 
can occur within breast cancer, result from cancer cell 
secreted factors such as Parathyroid hormone related protein 
(PTHrP) triggering a “vicious cycle” of bone destruction. 
Osteoblastic metastases which occur in prostate and 
some breast cancer patients, involve osteoblast activation 
and phenomena such as endothelial-cell-to-osteoblast 
conversion, resulting in aberrant bone deposition (6).  

Despite the pivotal importance of a supportive tumour 
stroma environment for development of bone metastatic 
cancers, molecular alterations within the tumour cells 
themselves are also important. Studies within models of 
human bone metastatic breast cancer established within 
immunocompromised mice, have identified sub-clones of 
breast cancer cells with enhanced ability to colonize bone 
and these have altered gene-expression signatures (7). In 
view of the importance of tumour-cell specific alterations 
in the establishment of bone metastases, high throughput 
techniques (including genomics, functional genomics and 
proteomics) have been applied to the identification of 
molecular alterations which promote cancer spread to bone. 
Such alterations have the potential to act as biomarkers 
predictive of bone metastasis risk. Quantitative proteomic 
comparison of parental and bone-homing MDA-MB-231 
cells, identified a panel of proteins which were predictive 
of future bone metastasis risk, including the macrophage 
capping-protein (CapG) (8). This identification of CapG 
as a potential bone metastasis protein was subsequently 
validated within tissue microarrays from the large open-
label, international, multicentre, randomised, controlled, 
parallel-group phase 3 trial (AZURE) (4,9). The AZURE 
trial compared women with stage II or III breast cancer 
randomly assigned to receive either standard adjuvant 
treatment or standard adjuvant treatment plus zoledronic 
acid with (at present) up to 10 years of follow-up, excellent 
clinical annotation and a significant proportion of cases 
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developing bone metastases, making it an excellent resource 
for validation of bone-metastasis biomarkers. The level 
of CapG within this study was observed to be a predictor 
of bone metastasis risk within both an initial patient 
cohort and a subsequent validation set, in total comprising  
689 patients all receiving standard treatment (8), and 
achieved even greater predictive ability when combined 
with a second biomarker PDZ-domain containing adaptor 
protein—GIPC1. Treatment with zoledronic acid was 
observed to eliminate the predictive effect of CapG levels 
suggesting that CapG-levels can also be used to inform 
patient treatment decisions (8). Despite these promising 
observations about the potential clinical relevance of 
CapG as a biomarker of bone metastasis risk the precise 
mechanism by which proteins such as CapG promote cancer 
cell spread to bone is currently unclear and the subject of 
active research.

In this edition Huang et al. have used state-of-the-art 
techniques for RNA and protein analysis to identify a key 
mechanism by which the protein macrophage-capping 
protein (CapG) mediates breast cancer metastasis to bone. 
CapG was previously identified as a protein upregulated 
within highly metastatic variants of human breast cancer 
cells (10) and together with the PDZ-domain containing 
signalling adaptor protein GIPC1, levels of CapG and 
GIPC1 within primary breast tumours, have been observed 
to be predictive of breast cancer bone metastasis risk (8).

CapG has also been implicated in the spread to bone 
of other malignancies including lung and prostate cancer. 
Genome wide association studies within prostate cancer cell 
lines identified the CapG locus as the site of a key single 
nucleotide polymorphism regulating gene expression via 
chromatin modification (11). Silencing of CapG expression 
via siRNA has also been demonstrated to reduce the 
proliferation of prostate cancer cell-lines as well as regulating 
cellular apoptosis via the Caspase 6/9 pathway (12,13).  
CapG has been identified as a major upregulated protein 
within lung adenocarcinomas with early recurrence 
compared to those without recurrence within 5 years of 
surgical resection, and immunohistochemical analysis of 
CapG expression within non-small cell lung cancer has 
been observed to be a significant prognostic indicator of 
disease severity and mortality (14,15). Evidence was thus 
accumulated across several cancer types for a significant 
role of CapG within cancer cell proliferation and metastatic 
spread. In addition to a role within metastasis to bone, 
CapG expression is elevated within ocular melanomas as 
well as glioblastomas, cancers which are characterized by 

extensive local invasion and metastasis (16,17). 
Despite evidence that CapG plays a key role in cancer 

metastasis, the precise mechanism(s) by which the protein 
acts within bone metastasis are not clearly understood. 
CapG plays a key role in capping actin filaments within the 
cytoplasm and as such is a key regulator of diverse processes 
including cell-shape regulation and cell movement. Unlike 
other members of the gelsolin family of actin-assembly 
regulatory proteins, CapG lacks a nuclear export sequence 
and is thus localized both within the nucleus and the 
cytoplasm (18,19). CapG shares homology with members 
of the basic helix-loop-helix family of transcription factors 
of which the c-Myc oncogene is a member (20). An early 
indication that CapG might have a nuclear role was the 
observation that introduction of a nuclear-export sequence 
into CapG reduced its ability to promote cancer cell invasion 
into collagen type-I and chicken heart fragments (19),  
furthermore point mutations within the nuclear export 
sequence which permitted nuclear re-entry were observed 
to restore the invasive ability of cells. Additional studies 
revealed that CapG entry into the nucleus was energy 
dependent and mediated via the cytosolic receptor 
importin-β. Despite this evidence the functions of CapG 
within the nucleus were otherwise poorly defined.

In the recent paper of Huang et al. (21) the mechanism by 
which CapG mediates increased bone metastasis via effects 
within the cell nucleus is significantly elucidated. Huang 
et al. demonstrate that CapG increases the transcription 
of the pro-metastatic gene stanniocalcin-I (STC-I). 
STC-I is a secreted glycoprotein hormone which has 
been previously demonstrated to be associated with poor-
survival within breast cancer, and in particular within basal-
type breast cancer (22). Knockdown of STC-I expression 
has been demonstrated to inhibit both primary tumour 
formation and metastasis within murine models of human 
breast cancer (23). Huang et al. demonstrate that CapG 
mediates increased STC-1 expression by competing with 
the transcriptional repressor Arginine Methyltransferase-5 
(PRMT5) for binding to the STC-I promoter. Decreased 
histone-4, Arginine-3 (H4R3) levels at the STC-I promoter 
following CapG-mediated displacement of PRMT5 result 
in increased transcription of STC-I. As would be expected 
from this mode of action, both CapG and PRMT5 levels are 
independent prognostic factors for breast cancer survival, 
with high CapG levels being associated with poorer patient 
outcomes, and high PRMT5 levels being associated with 
better patient prognosis (21). 

This newly discovered function of CapG as a key epigenetic  
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regulator further highlights the important role of epigenetic 
control within breast cancer bone metastasis. Previous 
studies have identified epigenetic control mechanisms 
playing a key role within bone metastasis including the 
regulation of hepatocyte-growth-factor (HGF)/Met 
signalling in breast cancer (24,25). Epigenetic regulation 
confers on metastatic cancer cells the ability to respond 
to different external stimuli during the metastatic process. 
Epigenetic regulation of HGF/Met signalling results 
in both anoikis resistance and stem-cell characteristics 
characteristic of epithelial-mesenchymal transition (EMT) 
in metastatic breast cancer. CapG mediated upregulation 
of STC-I has the potential to modulate hypoxic responses 
within metastatic breast cancer cells (26,27) as well as 
regulate expression of key pro-angiogenic regulators such 
as vascular endothelial growth factor (VEGF) (28,29), 
functions integral to cancer spread to distant sites such as 
bone. STC-I is a key protein within calcium and phosphate 
homeostasis (30) as well as being a previously identified 
regulator of the generalised migratory ability of cancer 
cells, acting via the phosphoinositide-3-kinase (PI3K)  
pathway (31). 

The epigenetic control mechanisms mediated by 
CapG further add to the body of evidence that epigenetic 
dysregulation is a feature of malignancy and a potential 
target for therapy. Histone deacetylases (HDACs) have 
entered advanced stage clinical trials and shown promising 
results within breast cancer when combined with ionizing 
radiation, cytotoxic agents or aromatase inhibitors (32-35). 
To date there have been fewer studies reported in which 
DNA methylation is used a therapeutic target in breast 
cancer. Despite this, alterations in DNA methylation have 
demonstrated utility as potential markers predictive of 
bone metastasis risk. Levels of promoter methylation are 
observed to be lower in breast cancer bone metastases than 
in brain metastases, and elevated levels of DNA-methyl-
transferase-I (DNMTI) are prognostic for shorter overall 
survival within bone metastasis (36). High-throughput 
profiling of global DNA-methylation patterns has identified 
panels of gene methylation which can be used to predict 
metastatic lethal progression within prostate cancer (37). 
The observation that CapG mediates STC-1 upregulation 
via altered methylation at the STC-I promoter thus adds 
an additional line of evidence for the utility of epigenetic 
markers within breast cancer. 

The observation that CapG can act as both an actin-
capping protein with effects upon the cytoskeleton, and a 
transcriptional regulator with effects within the nucleus, 

emphasizes the important role of protein molecules and 
their unique ability to have pleiotropic effects within cells. 
Proteins originally associated with specific functions may 
act via additional, unexpected mechanisms to achieve the 
complex cellular changes required within metastasis. In 
addition, proteins implicated in organotropic metastasis 
may achieve their target organ specificity via downstream 
molecules. As an actin capping protein CapG does not 
appear to have an obvious link to bone-specific metastasis, 
but as an inducer of STC-I expression, a protein implicated 
in calcium and phosphate homeostasis, it’s role within 
cancer spread to bone appears more rational. The example 
of CapG shows that our ability to identify biomarkers 
predictive of cancer spread to bone, also has the potential 
to reveal key cellular mechanisms by which cancer cells 
spread to, and colonize the bone micro-environment. These 
fundamental molecular insights into the development of 
bone metastasis will continue to open up new avenues for 
development of personalized medicine initiatives, as well 
as identify new targets for therapy within bone metastatic 
cancers.
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