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• Tumor-derived extracellular particles (EPs) are abundant and stable relative to other liquid biopsy-

based analytes (ctDNA, mRNA) and are representative of the cell of origin. 

• Measurement of cancer-associated biomarkers on single EPs may improve upon existing methods for 

the non-invasive detection of cancer. 

• We developed an immunoassay designed to capture and detect up to three distinct, colocalized 

biomarkers on tumor-derived EPs from human cells lines and blood samples. 

• Our proof-of-concept assay shows promise for the sensitive and specific detection of stage I and II 

high-grade serous ovarian cancer (HGSOC) in human plasma relative to a single biomarker (CA125).

• Our assay platform represents an extensible technology that could be used to measure colocalized

biomarkers on EPs as a diagnostic or response monitoring tool.

SUMMARY

Schematic Representation of the Assay (Mercy Halo)
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Control Tested Days Mean Ct Value s.d. %CV

Unspiked Plasma 16 33.27 0.60 1.80%

Plasma + 5e6 EVs 16 23.47 0.22 0.92%

Plasma + 2e7 EVs 16 21.51 0.30 1.38%

Plasma + 8e7 EVs 16 19.39 0.22 1.12%

Plasma + 3.2e8 EVs 16 17.38 0.33 1.87%

Characterization of EVs from COV413A Human Ovarian Cancer Cells
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Biomarker Assay Signal Correlates with mRNA and Protein Expression FOLR1/MUC16 CA125 ELISABST2/FOLR1/MUC1

Biomarker Colocalization with CD63 and CD81 in Cell Line EVs
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METHODS

RESULTS

EPs purified from human cell lines, serum, or plasma by size-exclusion chromatography (SEC) were subject to immunocapture with a cancer-specific

biomarker antibody conjugated to magnetic beads. Up to two additional biomarkers were detected using dsDNA oligo-conjugated detection antibodies.

Successfully ligated DNA oligos serve as templates for qPCR.

Characterization of EVs from human cancer cell line used to characterize the assay according to MISEV guideline. EV’s were analyzed by NTA, western blot

and electron microscopy (TEM). EV fractions used in the assay are highlighted (PCV).
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Biomarkers were selected based on differential expression between healthy patient samples and early-stage HGSOC. Antibodies were purchased for all

candidate biomarkers and screened in EPs from human cell lines with high/positive and low/negative expression of the biomarker. No EV controls were used to

eliminate “sticky” antibodies. Once individual, functional antibodies were identified, they were optimized and built into antibody “combinations” which were used

to screen EPs from healthy controls (HC) or ovarian cancer (OC) plasma pools to identify the best combinations of biomarkers for discrimination of healthy,

benign, early- and late-stage HGSOC in clinical cohorts.

Assay signal (top row, Mercy Halo) correlates with CCLE mRNA expression (middle row, log2 TPM) and CCLE protein abundance determined by mass

spec. (bottom row, MS/MS). EVs from the indicated cell lines were subject to capture and detection with antibodies to the indicated biomarkers. Signal is

normalized across all readouts to facilitate visualization. Grey boxes containing an (X) indicate where no MS/MS data was available for a particular cell line.

Pooled Collection Volume (PCV)
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Log2 TPM

Detergent Sensitivity of Assay Signal

BST2/FOLR1/MUC1 FOLR1/MUC16

EVs from COV413A cells (COV413 EV) or from HGSOC patient plasma (OC

Plasma EV) were subjected to capture and detection using distinct biomarker

antibodies, BST2/FOLR1/MUC1 (left) or FOLR1/MUC1 (right), in the absence (-) or

presence (+) of 0.075% Triton X-100 (Triton X-100) to disrupt EV membranes.

BST2/FOLR1/MUC1 demonstrates detergent sensitivity suggesting some biomarker

antibody panels predominantly capture and detect EVs whereas FOLR1/MUC16

may detect both detergent-sensitive and -insensitive pools of EPs.
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Detection of Colocalized Biomarkers Improves Signal to Noise
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Colocalization of BST2, FOLR1, and MUC1 on Cell Line EVs

Assay signal correlates with the presence of all biomarkers on the same EP. EVs from human cell lines

expressing high ( ) or low ( ) levels of the indicated biomarkers were subject to capture and detection

according to the assay workflow. Signal strength, qPCR signal expressed as 40 –Ct, corresponds to biomarker

expression of all biomarkers included in each assay.

Demonstration of colocalization of CD63 and CD81 with BST2, FOLR1, MUC1 and MUC16 on human cell line EVs. Cell line EVs from cells lines with high

( ) or low ( ) expression of the indicated biomarkers were captured with antibodies to CD63 or CD81 then subject to detection with antibodies to

BST2, FOLR1, MUC1, or MUC16. Colocalization was determined by proximity ligation and qPCR. Data are presented as 40 minus the cycle threshold

such that larger 40-Ct represents increased signal.

Detection of multiple, colocalized biomarkers improves signal to noise ratio by removing background. Assay signal in COV413A EVs spiked into human plasma prior to

purification by SEC using one, two, or three different biomarker antibodies demonstrates improved signal to noise as measured by the difference (Δ Ct) between the unspiked

healthy plasma background and the COV413A EV-spiked plasma.

Representative reproducibility (top) and linearity (bottom) of assay performance in

COV413A EV spiked human plasma using BST2/FOLR1/MUC1. Mean Ct values

represent the mean of duplicate assays evaluated over 16 days. Points for each

spike-in represent n=8 technical replicates. Last dilution point in linear range was

19,500 which indicates a linear range over more than 25 Ct.

Mercy Halo discriminates high-grade serous ovarian cancer (HGSOC) from healthy controls and benign ovarian masses.

Performance of biomarker combination FOLR1/MUC16 (left), BST2/FOLR1/MUC16 (middle), and CA125 ELISA (right) in

a cohort of healthy controls (n=24), patients with benign ovarian masses (n=26), and patients with stage I (n=9), II (n=9),

III (n=15), and IV (n=4) HGSOC. Colocalization of multiple cancer-specific biomarkers enables discrimination of benign

ovarian masses from early-stage cancer versus a single biomarker assay like CA125. HGSOC and benign samples were

purchased from commercial biobanks, the healthy controls were obtained from the Mercy Healthy Donor Collection.

Biomarker Selection and Validation Workflow
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