




Liquid Biopsy is a term that encompasses methods to monitor one or more biomarkers from 
non-invasive samples like blood, urine, saliva, etc. Factors such as an aging population, 
preference for noninvasive procedures, wellness initiatives by governments and health 
organizations, and rising emphasis on personalized medicine in clinical practice, are driving 
the growth of the liquid biopsy market. While the field is most advanced with genomic 
markers, and commercial potential remains enthusiastic, intrinsic challenges remain.  
Foremost, is how to report mutational heterogeneity which occurs throughout disease 
progression. In sharp contrast to this, our small panel of protein biomarkers report the 
systemic host response, to which is remarkably conserved regardless of the primary tissue of 
origin and stage of disease. Finally we present here a case that stromal conditioning 
represents an entirely new way to obtain data on metastatic potentiation, and with that, new 
ways to therapeutically modulate metastasis for overall survival benefits. 



The protein level orchestration of this first responder team forms the 
basis of Stroma Liquid Biopsy™ and our Intellectual Property (IP) 



Noteworthy is that the Complement cascade provides the conduit for 
communication between the innate and adaptive branches.



Unlike chemical and biological reactions which are subject to 
stoichiometric equilibria between the reactants and products, 
proteolysis is irreversible. Because of this, all organisms have evolved a 
complex system of regulation whereby multiple factors, both 
macromolecules and small molecules, control aberrant proteolytic 
events. In blood, these regulating events are all subject to periodic 
insults which may perturb this very delicate balance. Once disturbed 
however, this triangulated network of dysregulation can foster 
microenvironments suitable for the seeds of neoplastic cells to 
continue to grow unabated and metastasize. Such opportunistic events 
occur with localized inflammation, which impacts every step of 
tumorigenesis, from nascent neoplasms to primary tumor promotion, 
all the way through to metastatic disease.



Here are the panel of protein biomarkers for the essential interactions 
between stroma and proliferating cells that report differentially by LC-
MS/MS analysis, into the systemic circulation of cancer patients. This 
rewiring of the blood circuitry is measurable even at early stages of 
cancer, for most if not all  primary tumors. The two proteins 
highlighted in yellow here, Alpha-1-Antitypsin (Serpin A1) and Heparin 
Cofactor II (Serpin D1), are critically important to regulate proteolysis 
within this network and so deserve special attention. Both proteins are 
part of a family of protease inhibitors called the SERPINs. Because of 
their very unique and largely unfamiliar mechanism of action, SERPINs 
demand a more nuanced approach to monitor and report their 
function.



To quantify the function of Serpins, their suicidal mechanism of action 
demands new proteomic accounting methods than if their functions 
were simply stoichiometric, as would be the case if they were more
mundane Michaelis-Menton type complexes. With Michaelis-Menton
complexes, one could infer function by measuring the concentration or 
the relative abundance of the inhibitor by conventional means, 
typically by some form of immunoassay. However, because of the 
bifurcated mechanism of Serpins, the final outcome demands an 
entirely different analysis. 



We have developed methods to make this critical distinction by 
measuring Liquid Chromatography-Mass Spectrometry (LC-MS) 
traceable peptide features within the decoy loop region of Serpins. 
These distinct sub-populations now can be observed and measured as:
“On” Serpin sub-populations that report as having inhibitory potential, 
or
“Off” Serpin sub-populations that report a suicidal transformation with 
permanent loss of inhibitory capacity. 



This is in contrast to the more conventional quantitative approaches 
which only observe the total population of Serpins by antigen 
presentation (i.e., ELISA). Such measurements not only discount the 
significance of whether the Serpin is functional or not, but can lead to 
an egregious misinterpretation of biological consequence. Such is the 
case in cancer, when Serpins are observed by total populations rather 
than functional sub-populations. One example of this discrepancy is 
that in many previous reports on Alpha-1-Antitrypsin (AAT) in cancer 
sera, AAT is measured in higher amounts in cancer sera relative to 
normal. Yet we observe just the opposite, that in cancer patients, there 
a a decline in the abundancy of the ‘On’ AAT sub-form.



There is profound consequence to this dysregulation; cancer being 
often described as the wound that does not heal. Serpins account for 
about 5% of total protein mass in serum, so in a normal and healthy 
population, there is a sufficient blood reservoir of ‘On’ Serpins to 
regulate acute insults. However collectively, because of heredity, 
lifestyle, environmental exposures, and/or progressive disease, in 
cancer populations this reservoir becomes depleted. So once depleted, 
the body can no longer maintain sufficient quantities of functional 
Serpins to regulate the many inflammatory proteolytic mechanisms 
that occur as first response to a non-healing wound. 



Genetic deficiencies of Serpins as risk factors for cancer highlight there 
important role as protease regulators. Our data supports that 
inflammatory proteolysis becomes unregulated due to chronic 
exhaustion of ACTIVE subforms of SERPIN protease inhibitors! Without 
a sufficient reservoir of functionally active protease inhibitors, the 
irreversible cascading proteolytic events supporting coagulation, 
complement and neutrophil recruitment become progressively 
malevolent. We now advance this mechanism as a major contributor to 
metastatic disease. The next slide shows why.



Many reports conclude that there is a strong association of coagulation 
to metastatic potential.  A recent article states “The correlation 
between Circulating Tumor Cells, hypercoagulability and reduced 
survival in metastatic breast cancer suggests the coagulation system 
supports tumour cell metastasis and is, therefore, a potential 
therapeutic target.” From Kirwan, C.C., Descamps, T. & Castle, J. Clin
Transl Oncol (2019). https://doi.org/10.1007/s12094-019-02197-6. 



Tumors have a more narrow and tortuous vasculature relative to 
surrounding tissue. However, what happens in the primary tumor does 
not stay in the primary tumor. The stromal conditioning that supports 
a permissive niche for metastasis, is derived from the micro-
vasculature at the primary site. This re-education is reportable from 
the systemic circulation with Stroma Liquid Biopsy™ biomarkers. Now 
with these biomarkers we can generate profiles to more precisely 
analyze an individualized host inflammatory response to cancer.



Our academic partners see this as an opportunity to advance cancer 
management at all levels. Dr. Wilma Mesker (Associate Professor) and 
Prof. Rob Tollenaar (Surgeon) of the Leiden University Medical Center 
concur, and state further that, “the tumor-stroma microenvironment is 
an important prognostic parameter for patients with epithelial cancer 
types. Patients with a high amount of stromal cells in the primary 
tumor have a bad prognosis and respond worse to current 
chemotherapy regimens. Blood derived information about various 
tumor environmental factors could reduce under and over-treatment 
of cancer patients with chemotherapy, and offers unique possibilities 
and insight for monitoring during treatment and personalized 
therapy”.



Early reports are demonstrating that there is a correlation between 
one of the biomarkers in our Stroma Liquid Biopsy™ panel – Neutrophil 
Elastase. It is worthwhile to note here that the primary role of Alpha-1-
Antitrypsin is to neutralize the protease activity of Neutrophil Elastase. 



Using functional enzyme assays, preliminary results correlate to LC-
MS/MS results, confirming a significant increase in the cleaved/total 
ratio in cancer sera, corresponding to a net decrease in inhibitory 
active serpin, relative to a normal/healthy status. Highlighting the 
importance of this poster report at SERPINS2019 Conference in Spain, 
Dr. Verhamme states that “Our hypothesis is that there may be a 
common host systemic response to many forms of cancer, regardless 
of primary tumor, stage or development of metastatic disease. This 
response is proposed to involve interconnected pathways attributable 
to thrombo-inflammation and innate immunity. All these pathways are 
activated by proteolysis and regulated by protease inhibition. So it is 
therefore likely that tumorigenesis can systemically be characterized 
by chronic exhaustion of inhibitory active serpins, and resulting 
increased protease activity. Our results support such a net decrease in 
inhibitory active Serpin D1, otherwise known as Heparin Cofactor II. 
We believe this is a very important discovery as it brings to light a 
potential new cancer therapeutic strategy, to selectively inhibit 
Thrombin in the extravascular space, as 60% of Heparin Cofactor II is 
extra-vascular.”



Current liquid biopsy efforts focus on genomic data which relies on a 
largely reductionist view that tumors form and progress only through 
the collection of its immortalized cells. These contributions 
notwithstanding, it is now overwhelmingly apparent that throughout 
cancer progression, there are necessary adaptive microenvironments 
to support metastatic disease. Advancements in proteomics have now 
made it possible to monitor and measure in blood these adaptive 
microenvironments.



Biomarkers that reflect stromal conditioning will be especially useful to 
follow the disease response for all agents and drug combinations that 
help to unwind the microenvironments contributing to disease
progression. So Stroma Liquid Biopsy™ biomarkers can be an 
important way to correlate and represent the density of stroma, its 
phenotype signature, and - albeit indirectly, the array of host cell 
populations within the tumor microenvironment at the earliest stages. 



By using Stroma Liquid Biopsy™ biomarkers in blood, our 
collaborators and partners will gain invaluable information central to 
understanding how individuals are uniquely predisposed to cancer, 
how individuals uniquely adapt to the presence of cancer anywhere in 
the body, and how individuals uniquely respond to medical 
intervention.








