
Introduction
Altered plasma levels of serpins have been reported in various cancer types,
however their concentration is often measured by immunological methods (ELISA)
rather than by inhibitory activity. The aggregate immunological assay combines both
the intact and cleaved serpin forms. Cleaved serpins are the product of the substrate
pathway in the bifurcated serpin mechanism. This pathway can become more
pronounced due to serpin mutations or changes in the micro-environment.

Methods - Results
1-Antitrypsin (AAT, SERPINA1) and heparin cofactor II (HCII, SERPIND1) respectively
inactivate neutrophil elastase and thrombin.

• Increased antigen levels of AAT were reported in pancreatic cancer1,2, and of
HCII in non-small lung cell cancer3.

• Sample preparation of control and pathological sera was performed by binding
either to AlbuVoidR beads that bind low abundance proteins but not albumin;
and AlbuSorbR beads that bind albumin and release low-abundance proteins in
the flow-through.

• AlbuVoidR was found to allow selective binding of serum AAT and HCII with
intact RCL. The RCL-cleaved serpin fraction eluted in the flow-through.

LC – MS/MS
• Tryptic digestion of AlbuVoid-bound and eluted fractions of pooled controls 

and pooled pancreatic cancer patient samples
• Tandem mass tag labeling of peptides and single LC-MS/MS gradient run (3000 

RSLCnano interfaced with Q Exactive HF Orbitrap), MS/MS scans of 20 most 
intense ions  

• LC-MS of peptides indicated a predominance of peptides with intact Met358-
Ser359 (AAT P1-P1’) and Leu444-Ser445 (HCII P1-P1’) in the bound fractions; 
and peptides with C-terminal Met/N-terminal Ser flanking (AAT), and with C-
terminal Leu/N-terminal Ser flanking (HCII), representative of cleaved RCL, in 
the flow-through fractions

• Leu-Ser bonds are impervious to tryptic digestion, and Met-Ser is less sensitive 
than Arg-Ser

• Although total antigen levels of serpins may be higher in cancer and 
inflammation, the ratio cleaved/total serpin was observed to be higher in 
disease states

Assay of Functional Serpins in Serum

• Functional AAT – ongoing

• Functional HCII

• Functional antithrombin
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Assay of Functional Serpins in Serum (continued) 

AAT and HCII are part of a cancer biomarker panel (Stroma Liquid BiopsyTM), that
combines critical components of coagulation, complement and acute phase
inflammation5,6.

Assay Principle (Assays run in triplicate, SD typically < 5%): 
- Incubation of serum (5 uL) with dermatan sulfate (4 μM final in incubation mix) in assay 

buffer (< 100 μL)
- Start reaction by adding thrombin (0.13 μM final in incubation mix), total volume 100 μL. 

This amount of thrombin should be sufficient to trap all the HCII in serum in a covalent 
complex (normal serum value 2 to 2.5 μM, at 20x dilution is 0.100 – 0.125 μM) 

- After incubation for 3 minutes, add buffer and chromogenic substrate to 1 mL and measure 
pNA absorbance at 405 nm, which reflects residual thrombin activity.
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A.Rate for thrombin in buffer (reference value)
B.Rate for thrombin in serum, no dermatan sulfate. The 

uncatalyzed thrombin – HCII reaction is extremely slow, and 
the small decrease in thrombin activity reflects binding to 
other serum components (corrected reference)

C.Rate for residual thrombin activity after incubation with 
serum (containing active HCII) and DS.

The serum HCII concentration is calculated from B – C and 
dilution correction.

Assay Principle (Assays run in triplicate, SD typically < 5%):
- Incubation of serum (5 uL) with fondaparinux (145 μM final in incubation mix) in assay 

buffer (< 100 μL)
- Start reaction by adding factor Xa (0.1 μM final in incubation mix), total volume 100 μL. This 

amount of factor Xa should be sufficient to trap all the antithrombin in serum in a covalent 
complex (serum values are usually a bit lower than plasma, ~2 μM, at 20x dilution this is 
0.100 μM) 

- After incubation for 3 minutes, add buffer and chromogenic substrate to 1 mL and measure 
pNA absorbance at 405 nm, which reflects residual factor Xa activity. 

Sample
Identifier

Active 
HCII

Active anti-
thrombin

Breast cancer 0.061 mg/ml 0.054 mg/ml

Non-cancer Inflamm. 0.039 mg/ml 0.071 mg/ml

Normal/healthy 0.074 mg/ml 0.068 mg/ml

Normal/healthy 0.085 mg/ml 0.085 mg/ml

Normal/healthy 0.087 mg/ml 0.053 mg/ml

Lymphoma 0.037 mg/ml 0.058 mg/ml

Ovarian cancer 0.006 mg/ml 0.022 mg/ml
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Proteinase (E) and serpin (I) form a reversible
Michaelis complex EI. The proteinase cleaves
the serpin in the reactive center loop (RCL),
with formation of an acyl-enzyme
intermediate EI’. The cleaved RCL, with
proteinase attached, translocates 180° to
form a covalent complex (E–I*). If deacylation
is completed prior to the inactivating
proteinase distortion, cleaved serpin (I*) and
regenerated free proteinase (E) are formed.
Deacylation of E–I* can also slowly occur.

Consistent with the LC-MS/MS results,
levels of active HCII with intact RCL were
significantly lower in sera of patients with
cancer and inflammation, compared to
healthy individuals.
In this first cohort, no clear differences in
antithrombin activity were seen between
healthy and pathological samples.
AAT assays are ongoing, and a larger cohort
is currently being analyzed. Results for AAT
activity are expected to parallel those of
HCII activity.

The emphasis of current liquid biopsy platforms is on the tumor cell genome,
however the supporting microenvironment also contributes to pathogenesis. The
significance of the Stroma Liquid Biopsy™ pan-cancer profile lies in the observed
dysregulation of interconnected, major proteolytic networks in the host. This
dysregulation is often already obvious in early stages of disease. The biomarkers are
either proteases, substrates or protease inhibitors.

The hypothesis is that there may be a common 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 of coagulation/hemostasis, acute-
phase inflammation and the complement pathway. All these
pathways are regulated through proteolysis and protease inhibition.

Conclusions and Future Work
• Selective, bead-based sample enrichment, combined with LC-MS/MS4 has the

potential of distinguishing between active and cleaved subpopulations of AAT and
HCII in pooled sera of healthy individuals and of patients with pancreatic cancer.
Tryptic digestion of AAT and HCII preserves the P1-P1’ sequences in the RCL, and
the method allows measuring the ratio of cleaved/total serpin.

• Preliminary results indicate a significant increase in the cleaved/total ratio in
diseased samples, corresponding to a net decrease in inhibitory active serpin.
This is in contrast with antigen-based measurements (ELISA) of total serpin1-3, that
indicate increased total serpin concentration regardless of inhibitory potential.

• Functional serpin assays of HCII indicated reduced inhibitory activity in serum
samples of diseased individuals. AAT activity assays are ongoing, and a larger
panel of sera is currently under study. Results for antithrombin were inconclusive
and assays will also be performed on whole plasma to evaluate potential effects
of sample preparation.

• AAT and HCII control the activities of the inflammatory proteases elastase and
thrombin. Inflammation and tumorigenesis are proposed to be characterized by
chronic exhaustion of inhibitory active serpins, and increased protease activity.
Further analysis may include the extravascular space, as 60% of HCII is extra-
vascular, and control of thrombin activation of PAR-1 and cleavage of Complement
C3 may be of therapeutic advantage.
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