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Abstract
The majority of cancer deaths can be attributed to cancer cell metastases that migrate to distant target organs. Brain 
metastases constitute one of the leading causes of morbidity and mortality among cancer patients, occurring in about 
40% of patients with metastatic disease. Thus, there exists an unmet need for early detection, diagnosis, and treatment 
directed against early stage cancer cell metastasis. Previous studies have reported the development of methods to 
detect and identify early circulating tumor cells (CTCs) in the bloodstream prior to their seeding into distant organs. 
Using a comprehensive analysis of total CTCs mRNA content, investigators have developed a mRNA “transcriptome 
signature” of 126 genes involved in CTC metastatic events. The genes were parsed into various metastatic-related 
activities indicating that CTCs sustained a semi-dormancy state bent on: (1) stress survival; (2) metabolic maintenance; 
(3) DNA and translational stability; and (4) chemotactic pro-inflammatory capabilities. These activities suggested 
that CTCs might be susceptible to interactions with protein-derived peptide segments whose actions are involved with 
metastatic activities such as cell invasiveness, contact, adhesion, motility, spreading, and migration. The use of protein-
derived (encrypted) peptides to impede CTC metabolic activities and disrupt signaling pathways could have therapeutic 
potential in patients with early metastatic disease.
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INTRODUCTION
Cancer metastases to the brain have been reported to occur in 10% to 20% of adult patients with malignant 
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disease[1,2]. As such, brain metastases are one of the leading causes of morbidity and mortality among cancer 
patients with metastatic disease in the United States[3]. Indeed, the vast majority of cancer deaths can be 
attributed to tumor cell metastasis to distant sites rather than demise from the primary tumor mass itself. 
Several past reports have demonstrated that the presence of early circulating tumor cells (CTCs) provide 
a “feeder source” of break-away cells from the tumor mass cells that intravasate into the bloodstream to 
circulate, aggregate, then eventually migrate to metastatic sites of chemo-attracted target organs[4-6]. It may 
take extended time periods for the circulating cancer cells to develop aggregates detectable by radio-imaging 
as metastatic cell masses[7]. The early stages of disseminated tumor cells are able to aggregate to form micro-
metastatic cell islets which further progress into macro-metastatic cell clusters. By the time the metastatic 
cells have migrated and “nested” into target tissues such as bone marrow and brain, the cells are already 
proliferating at exponential rates[8,9]. This advanced growth state of the tumor cell greatly reduces therapeutic 
options for the cancer patient. Therefore, it becomes crucial to detect and identify CTCs that represent very 
early stages of cells which disseminate from the primary tumor mass. 

A recent report has, in fact, described use of a cutting-edge mRNA technology to characterize such CTCs. 
Hence, the first objective of the present commentary was to discuss the development of a biomarker mRNA 
signature that could screen and identify CTCs utilizing human breast cancer as the model. A second 
objective was to propose use of a potential therapeutic tool which could be directed against CTCs. These 
novel agents are referred to as “protein-derived peptide fragments” as discussed below.

BACKGROUND STUDIES
It may be deduced from the above discussion that early screening and identification of CTCs associated with 
metastasis could be beneficial for evaluation of treatment options and their responses to brain metastasis. 
In a recent study using breast cancer (BC) cells, Boral et al.[10] reasoned that mRNA characterization of 
CTCs from BC derived cells could provide a means for early diagnosis of brain metastases; this knowledge 
could aid in planning therapeutic strategies and determining the effectiveness of targeting metastatic cells. 
Boral’s studies confirmed that patients with BC produce CTCs that express high levels of biomarkers that are 
associated with regulation of cell growth, proliferation, and signal transduction pathways directly involved 
with metastasis. Using a comprehensive analysis of CTC total mRNA transcriptomes, these investigators 
derived a unique “transcriptome signature” (TS) that distinguished circulating BC cells from those of the 
primary tumor mass. Even more intriguing, the derived TS revealed distinct signaling pathways inherent 
to BC-derived circulating cells that could provide the means of metastases to the brain. The Boral’s report 
concluded that the CTC biomarker profile and knowledge of their signaling pathways could be valuable as 
screening tools for: (1) micro- and macro-metastatic cell characterization; (2) decision-making in treatment 
modalities; and (3) monitoring post-treatment responses in patients with metastatic disease.

Previous literature reports have emerged which enumerated epithelial cell adhesion molecules (EpCAM) 
present on CTCs, thus providing an estimate of the overall metastatic cell burden present in BC patients[11-13]. 
Using previous EpCAM-related studies as a starting point, Boral et al.[10] devised a computer-based genomic 
and mRNA workflow strategy which revealed a higher cell surface frequency and expression of metastatic-
associated biomarkers in BC patient’s cells versus cells from healthy blood donors[10]. Finally, these 
investigators utilized parametric flow cytometry and MRI-proven metastasis brain scans to analyze their BC 
patient’s cell populations.

COMPONENTS OF THE CTC SIGNATURE
The CTC signature derived from circulating BC cells was parsed down to 126 genes involved in metastatic 
cell activities and signaling cascades[10]. Overall results from the 126 genes demonstrated that mRNA from 
73 genes in the BC-CTC group were up-regulated while 53 genes were down-regulated. All of the CTC genes 
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detected were distinct and none clustered with their corresponding cells and tissues from the primary BC 
mass. Some of the biomarker constituents of the CTC mRNA signature included cell activities involving 
growth regulation, cell adhesion, cell-to-cell contact, spreading, migration, and motility. Such biomarkers 
included CD86, PARP6, ERα, GBP2, Adam-17, DDIT4, SLC2A3, SRGN, and NOTCH-1. Additional 
biomarkers were involved with chemotaxis, pro-inflammatory factors and immunomodulatory networks 
which included CD44, CD45, CD24, TNF, IL-1B, NFkB, CXCL8, CXCR4, and PDGF-BB. Brain-related 
biomarkers encompassed NCAM, Serpin I1, plasmin, neuroserpin B2, and UPAR which are required for 
stealth transpassage through the blood brain barrier [Supplementary Table 1]. It is of interest that proteins 
such as plasmin, serpins, and UPAR are especially crucial to CTCs for brain entry[14].

A circumspect examination of some of the gene constituents of the CTC signature revealed that proteins 
related to various cellular activities and pathways could be parsed into several functional sub-groups. These 
groups displayed mRNA transcripts that were either enhanced (up-regulated) or reduced (down-regulated) 
in the blood circulating cells. The regulated gene transcripts encompassed cell activities such as: (1) growth 
and proliferation; (2) DNA transcription and translation; (3) signal transduction; (4) cell invasiveness and 
migration; and (5) mitotic and metabolic events. In summation, one could deduce from the above listing that 
CTC’s appeared to be groomed for maintaining a metabolic “status quo” semi-dormancy state in order to 
survive in the blood circulation while preparing for migration to a distant organ site[4,15]. While so doing, the 
CTC have to retain their functional cell maintenance in order to detach from cell-to-cell contacts, adhere 
to blood platelets, and migrate to target organs (i.e., bone marrow or brain) with the aid of inflammatory 
chemokine molecules.

PROTEIN-ENCRYPTED PEPTIDES, CTCS, AND METASTASIS
The containment of a class of growth factor, extra-cellular matrix, and angiogenic peptide fragments 
encrypted within the polypeptide chain of a full-length protein is known but is not widely recognized. 
However, some of the most potent growth inhibitors are derived from short peptide fragments (segments) 
already existent in naturally-occurring mammalian full length proteins that themselves affect cell growth 
and proliferation in an opposite function from the mother proteins. This less-recognized concept of a protein-
derived reserve containing peptide growth Inhibitor fragments is becoming a recurring theme in the field 
of growth regulation, intracellular signaling, and cross-talk between signal transduction pathways. Classical 
examples of such occult (cryptic) peptides include the following examples; (1) tenacin binding peptide 
derived from fibronectin[16]; (2) angiostatin from plasmin[17]; (3) endostatin from type XVIII collagen[18]; (4) 
vasostatin from calreticulin[19]; and (5) constatin from type-IV collagen[20]. Such cryptic peptide sites can be 
exposed following a conformational change on a protein or can be released following proteolytic cleavage 
from a larger protein. These peptides can also be chemically synthesized as single fragments of 20-45 amino 
acids. A well-published example of a peptide site revealed following a conformational transition change on a 
full-length protein is an encrypted “growth inhibitory” site on alpha-fetoprotein (AFP), normally a growth 
promoting molecule[21-23]. The encrypted peptide segment, termed the growth inhibitory peptide (GIP), is a 
34 amino acid segment concealed in a hydrophobic cleft of the completely-folded AFP molecule. The GIP site 
is revealed following protein unfolding in chemical environments containing high ligand concentrations of 
estrogens, fatty acids, and growth factors. This transitory GIP form converts the usually growth-enhancing 
AFP molecule into a growth-inhibiting polypeptide. This conversion occurs via protein un-folding into a 
conformational change resembling the denatured intermediate state of a molten globular form (MGF) of 
protein[22]. Since the MGF of AFP is a transitory intermediate form, AFP can refold back to its native tertiary 
fold following excess ligand removal. Because the AFP-MGF form is unstable, the GIP segment itself has 
now been synthesized, purified, and characterized as a distinct 34-mer synthetic peptide segment[23]. The 
34-mer GIP fragment can inhibit both growth factor and estrogen-induced growth in a concentration-
dependent fashion in addition to blocking metastatic-associated activities[24,25].
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AFP-DERIVED PEPTIDES, CTCS, AND METASTASIS
It is germane to the present commentary that full-length AFP mRNA detected in CTCs from hepatocellular 
carcinoma patients has been reported to serve as a predictive marker for metastasis[26]. Furthermore, 
a computer bioinformatics study of multiple metastatic protein interactions with AFP (and its derived 
peptides) has recently been reported[27]. In that study, many of the “in silico” AFP interaction with metastatic 
associated proteins were experimentally confirmed. Both in vitro and in vivo BC studies have been 
performed using GIP which demonstrated both anti-growth and anti-metastatic activities. For example, in 
a microarray study, GIP was found to down-regulate the mRNA (1.5 to 8 fold) of many proteins detected in 
the “CTC signature” of the BC-derived circulating cells described by Boral et al.[10]. Such proteins included 
CD44, CD40, TNF, NFkB, IL-1 receptor, Serpin I-1, and p53 AIP1 among others. Many of these metastasis-
associated proteins were reported to interact with AFP in protein-to-protein interactions; such metastases-
related proteins included the laminin receptor, collagen-IV, Integrin B-1, IL-1B, and the neural cell adhesion 
molecule (NCAM). It is of interest that, Serpin-I1 and plasminogen activator are known to promote cancer 
cell survival in brain metastasis by means of brain plasmin inhibition[28]. In the pro-inflammatory arena, 
AFP itself was found to interact and block CCR5 and CXCR4 chemokine receptors which are required for 
metastatic BC cell migration[29-31].

BIOLOGICAL ACTIVITIES OF AFP-DERIVED PEPTIDES
Other sets of data involving AFP-derived peptides have been generated in vitro involving cancer cell 
adhesion, cell-to-cell interactions, cell spreading, motility, migration, and growth[32,33]. Regarding cancer 
cell proliferation, GIP was found to inhibit growth in multiple BC cell lines in vitro and to inhibit cell-to-
cell contact inhibition overgrowth in cultured MCF-7 cells[33-35]. In addition, both full length AFP and GIP 
were both found capable of inhibiting platelet aggregation[36], a process necessary for CTC survival in the 
bloodstream; this activity involved integrins α2β1, α5β1, and α2β3. CTCs are known to adhere to blood 
vessel inner walls and to platelets, thereby cloaking themselves from circulating cytotoxic lymphocyte 
destruction[13,35,36]. Furthermore, GIP was found to block both adhesion of extra-cellular matrix (ECM) 
proteins to substrata as well as tumor cell adhesion to ECM-coated wells of microtiter plates[35]. The ECM 
proteins included laminin, fibrinogen, collagen-IV, fibronectin, thrombospondin, and vitronectin. In 
addition, both collagen-IV and NCAM have been reported to bind to the third domain of AFP at amino acid 
segments #433 to 545[34]. It has been further demonstrated in vitro that GIP notably interrupted the migration 
and invasion of follicular thyroid cancer cells[37]. It has also been reported that GIP could inhibit 60% of the 
cell spreading and migration of MCF-7 tumor cells in culture assays[34]. Because integrins and ECM proteins 
are both involved in cell migration by modulating the fine balance between cell-to-contact, adhesion, 
and cell detachment, it was noteworthy that GIP was found capable of disrupting the interaction between 
receptors and binding proteins in such activities. The final involvement of GIP with cancer cell activities was 
demonstrated using in vivo models of human BC xenografts in mice. GIP was reported to suppress cancer 
growth/proliferation in both xenograft and homograft models of MCF-7, GI-101, MDA-MB-231, and 6WI-1 
BC tumors in host mice[25,32]. In the human MDA-MB-231 BC in vivo mouse model, GIP injections resulted 
in a 3-fold reduction in BC metastasis to the lungs as compared to controls. In the 6WI-1 in vivo mouse 
homograft model, GIP suppressed BC cell migration, invasiveness, and adherence to surrounding cells and 
tissues. Thus, GIP injections not only demonstrated BC growth suppression but also reduced metastatic-
associated events in BC cells such as cell adherence, invasiveness, and migration in addition to decreased 
metastatic cell accumulation in distant organs. Finally, GIP administered in vitro produced an inhibition 
of cell membrane-induced agglutination, and induced cell shape changes via enhanced microtubule 
polymerization[24,34,35].

CONCLUDING STATEMENTS
It can be concluded from the above discourse that peptide fragments derived from plasma, ECM, and 
angiogenic-associated proteins are capable of tumor growth inhibition and suppression of metastatic spread. 
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Such physiological events include cell-to-contact, cell migration, adhesion, detachment, spreading, and 
chemokine and receptor interactions. Following cell detachment from the BC tumor mass, the disseminated 
tumor cells extravasate through the tissue extracellular compartments, pass through disrupted (proteolysis) 
basement membranes, and emerge into the bloodstream. Once in the blood circulation, tumor cells can 
adhere and cluster into micro- and macro-metastatic islets that attach to blood platelets cloaking them from 
detection by cytotoxic lymphocytes. It is just prior to the stage of islet cluster formation that the metastatic 
cells are most vulnerable to blockade of signal transduction pathways [Figure 1]. Discovery of the CTC 
mRNA signature of CTCs en route to “nesting” in distant target organs, such as the brain, might allow 
investigators to design therapeutic strategies to impede metastatic invasion to the distant tissues and organs. 

Peptide disruption of circulating tumor cell clusters

Primary tumor mass

Tumor cell Detachment

Basement
Membrane

Extravasation Disruption

Early CTCBlood
vessel

Injected peptide Non-injected

CTC islet
disruption

CTC micro-metastatic
cell islets
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cell isletsCTC dissemination and

apoptosis
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Figure 1. An injected peptide disruption of blood circulating tumor cells (CTCs) is depicted in the flow diagram. The primary mass of 
malignant tumors are known to shed cells which can migrate through the intercellular spaces en route to metastasis. The detached 
migratory tumor cells can extravasate through the blood vessel basement membrane and endothelial cell lining into the lumen of blood 
vessels (BV). Early CTCs soon form micro-metastatic clusters which further aggregate to form macro-metastatic islets (right side of 
diagram). CTCs eventually infiltrate into distal target tissues (bone marrow, brain) and “nest” there. However, if designer peptides home 
toward and bind to tumor cell membrane proteins/receptors as decoy ligands (see text for mRNA expressed proteins), tumor cell clusters 
could be disrupted and disseminated (left side of diagram). Single circulating cells including CTCs demonstrating cell membrane ruffling 
and disruption can become susceptible to apoptosis and/or immune surveillance destruction
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One such group of potential metastatic disruptive agents could include plasma-, ECM-, and angiogenic 
protein-encrypted peptide fragments as discussed above. Such metastatic (migration) interfering peptides 
might be therapeutically beneficial to BC patients in early stages of micro-metastasis. Small peptides are 
known to have short half-lives (hours), little or no side effects, and could be intravenously administered. 
The screening of CTCs using the “signature” identification methodology, followed by peptide therapy, could 
potentially provide a novel 2-step detection/therapy strategy for select cancer patients with early metastatic 
disease.
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