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Editorial
Metastasis is responsible for 90% of cancer-related deaths and 
includes efficient and inefficient steps, with the later stages be-
ing rate-limiting to successfully establishing metastases. Src 
homology and collagen A (ShcA) is an adaptor protein that 
relays extracellular signals by coupling to receptor and cyto-
plasmic tyrosine kinases to control cell proliferation, survival, 
invasion, and angiogenesis [1]. The ShcA allele encodes three 
proteins that originate through alternative promoter usage 
(p66) or alternate translation initiation (p46, p52) [2]. Howev-
er, the role of p66ShcA in recurrence is conflicting and poorly 
understood in breast cancer [3], and even across cancer types, 
as p66ShcA has been reported to have pro or anti-metastatic 
features depending on the context [4]. Reactive oxygen spe-
cies (ROS) are important in the regulation of cell prolifera-
tion, apoptosis and cell survival. The major source of ROS in 
the cell is from the mitochondria and the formation of ROS 
can also enhance the metastatic potential of breast cancers by 
perturbing mitochondrial respiration and enhancing migration 
and/or invasion [5]. Indeed, there had not been any in vivo 
studies performed in breast cancer elucidating the role of 
p66ShcA in this setting and we recently set out to answer these 
questions [6]. 
Previously, we provided the first in vivo evidence of the role 
of p66ShcA in ErbB2+ breast cancer in inducing an EMT to 
promote cellular plasticity and tumor heterogeneity (Figure 
1), left panel [6]. Reversible conversion between epithelial 
and mesenchymal states has been associated with metastasis, 
increased tumor heterogeneity and resistance to therapy. In 
TNBC, we recently demonstrated that distinct pools of p66Sh-
cA are necessary for lung metastasis [6]. Both cytoplasmic-
p66ShcA and mitochondrial-p66ShcA are necessary at dif-
ferent stages (Figure 1, middle panel). At the earliest stages, 
cytoplasmic-p66ShcA increases the migratory capacity of 
TNBC cells, potentially to increase access to the vasculature. 
During extravasation, cytoplasmic pool aids in the turnover of 
focal adhesions, increasing their assembly/disassembly, reduc-
ing their size and surface area to potentially aid in lung colo-
nization and reactivation of proliferation pathways. These data 
raise the intriguing possibility that integrins and/or additional 
cytoskeletal proteins (such as FAK/RhoA/Rac1 which have 
previously been shown to interact with p66ShcA/ShcA pro-
teins) are involved in p66ShcA-dependent colonization to aid 

in adhesion/tension-induced mechanotransduction. Mitochon-
drial-p66ShcA, however, is necessary for increasing CTCs in 
the bloodstream from the primary site and this correlates with 
lung metastasis from the primary site. Notably, cytoplasmic-
p66ShcA was unable to rescue lung metastatic burden from the 
primary site compared to breast tumors lacking p66ShcA, indi-
cating mitochondrial p66ShcA is necessary for intravasation or 
increased survival once in the bloodstream.
Intriguingly, a foundational role for the epigenomic contri-
bution to metastasis has been established, whereby a lack of 
CpG island methylator phenotype (B-CIMP) correlates with 
recurrence and reduced survival in breast cancer [7]. Of note, 
p66ShcA expression is up regulated in both TNBC and “clau-
din-low” metastatic variants to the lung and liver and basal 
breast tumors compared to the luminal subtype [6]. In addition, 
p66ShcA is regulated transcriptionally in TNBC, raising the 
possibility that p66ShcA may be regulated epigenetically dur-
ing breast cancer metastasis (Hudson et al. Under Review) in-
deed, an increase in active chromatin was seen at the p66ShcA 
promoter in basal tumors and in aggressive metastatic variants. 
Furthermore, CTCF a known regulator of chromatin was en-
riched at the p66ShcA promoter and PARP1 regulates p66Sh-
cA expression in these cells. These data support the potential 
role for an epigenomic program in breast cancer metastasis that 
may include p66ShcA, a novel promoter of breast cancer me-
tastasis. Hence, p66ShcA may serve as a biomarker of aggres-
sive breast cancers at increased likelihood of metastasis to the 
lung and liver. 
Notably, methylation of CpGs within the CTCF-binding site 
prevents binding of CTCF, integrating DNA methylation and 
insulator function in gene regulation [8]. Recently, CTCF was 
shown to regulate the forehead transcription factor (FOXM1, 
a key regulator of the cell cycle, DNA damage response and 
EMT), and a CTCF-FOXM1 axis regulates tumour growth 
and metastasis in ovarian cancer [9,10]. FOXM1 is frequent-
ly overexpressed in cancer and a gene expression signature 
of FOXM1 predicts the prognosis of luminal breast cancer 
patients [11]. FOXM1 was also found to co-bind with estro-
gen receptor alpha to regulate luminal breast cancer. Finally, 
FOXM1 was shown to promote stemness and radio resistance 
in glioblastoma and increased mitochondrial function and tu-
morigenesis through expression of PRX3 in colon CSCs [12]. 
Hence, these findings integrate various processes including 
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EMT, mitochondrial function, stemness and epigenetic regula-
tion by CTCF to coordinate an epigenetic program that sup-
ports metastatic progression. It will be interesting to determine 
whether a CTCF/p66ShcA-driven axis exists and contributes 

to metastasis. Furthermore, future studies should delineate the 
importance of p66-dependent regulation on metastasis, poten-
tially focusing on acetylation and methylation and their associ-
ated epigenetic players such as Sirt1 and DMNT 1 and 3b.

Figure 1: Schematic model of the regulation of and contextual role of p66ShcA in breast cancer across subtypes.
 The role of p66ShcA is outlined in an ErbB2+ luminal and 
basal breast tumor models. Cytoplasmic p66ShcA induces an 
EMT and promotes cellular plasticity and tumor heterogeneity 
in a HER+ setting, while cytoplasmic p66ShcA promotes cell 
migration, colonization of the lung and reactivates cell pro-
liferation pathways at secondary organs (lungs). A schematic 
of the epigenetic regulation of p66Shca is outlined in TNBC 
whereby CTCF binds to the p66ShcA promoter at activated 
chromatin (black marks = active histone marks H3K9Ac and 
H3K27Ac and beads = Histone 3), potentially through PARP1 
or other chromatin modifiers (SIRT1, HATs?) to induce tran-
scriptional expression of p66ShcA in aggressive metastatic 
breast tumors. Hypomethylated DNA correlates with p66ShcA 
expression within the p66ShcA promoter and hypomethylated 
DNA has been proposed as an epigenomic basis of metastasis 
in breast cancer [7].
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