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METHODS

RESULTS

Mercy Halo Interrogates Intact, Single Extracellular Vesicles Colocalization of Biomarkers is Required 
for Mercy Halo Readout

Detection of Colocalized Biomarkers 
Improves Signal over Background

Mercy Halo EV Signal Reflects Cellular Biomarker Expression Mercy Halo Discriminates High-Grade Serous Ovarian Cancer (HGSOC) from 
Healthy Controls and Benign Ovarian Masses

FIGURE 1: (A) SEC-Purified EV fractions used for Mercy Halo analyzed by nanoparticle tracking analysis (NTA, bars) and 
protein quantification (line). (B) Individual SEC fractions from COV413A conditioned media were characterized alongside 
whole cell extracts (WCE) of COV413A cells demonstrating expression of EV-related biomarkers, CD9, CD63, CD81, and 
Flotillin. (C) TEM of EVs derived from COV413A demonstrates intact EVs ranging from 50-300 nm. (D-F) Heat maps 
demonstrating Mercy Halo readout (top row) using (D) CD9, (E) CD63, and (F) CD81 correlates with mRNA expression 
(log2 TPM, bottom row) in an array of human cancer cell line EVs. Expression data was sourced from the CCLE, and all 
data was row-scaled to allow comparison across data types. (G-I) Detergent sensitivity of Mercy Halo using (G) CD9, 
(H) CD63, or (I) CD81 antibodies in EVs treated without (-) or with (+) 0.075% Triton X-100 after capture to disrupt intact 
EVs. Data are presented as 40 minus the cycle threshold (40-Ct) such that a higher 40-Ct value represents greater 
abundance of ligated dsDNA templates. 

FIGURE 3: (A) Schematic illustrating the requirement 
that all three biomarkers must be present on the same 
EV for productive readout Mercy Halo using doublet 
or triplet combinations of antibodies tested using cell 
line EVs from COV413A, OVKATE, SW900, and G-401 
showing that doublets of (B) BST2/FOLR1, (C) BST2/
MUC1, or a triplet of (D) BST2/FOLR1/MUC1 only yield 
positive qPCR signal in cell lines with matching biomarker 
expression.

FIGURE 4: (A) Schematic illustrating detection of 
co-expressed markers on individual EVs improves 
discrimination of cancer EVs. (B) Detection of COV413A 
EVs spiked into healthy plasma using combinations 
of one, two, and three unique biomarkers. (C) Mercy 
Halo signal from unspiked and spiked plasma for a 
representative set of one, two, and three biomarker 
combinations demonstrating reduction in healthy 
background with the addition of colocalized biomarkers.

FIGURE 5: Performance of Mercy Halo biomarker combinations (A) FOLR1/MUC16, (B) BST2/FOLR1/MUC1, and 
(C) CA125 ELISA 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. All Mercy Halo plots are presented as 40 minus the cycle 
threshold (40-Ct).

(1) Extracellular vesicles purified from plasma or serum by SEC were captured with antibody-functionalized magnetic 
beads targeting a cancer-associated surface biomarker. (2) Captured EVs were then incubated with two additional 
cancer-specific biomarker detection antibodies conjugated to double-stranded DNA (dsDNA) probes. (3) The 
dsDNA oligonucleotides contain single-stranded overhangs which may ligate only when in proximity on the same 
EV to a complementary probe to generate a template for PCR. (4) The abundance of biomarkers captured on the 
EVs was read out using quantitative PCR. (5) EVs were characterized and biomarker expression confirmed by 
traditional immunoassay and Mercy Halo. The colocalization of specific biomarkers on single EVs was measured 
using a panel of antibodies against biomarkers upregulated in HGSOC and human cancer cell lines. Optimized 
antibody panels were then used in a feasibility study using plasma EVs from early- and late-stage HGSOC, benign 
ovarian masses, and healthy controls.

Mercy Halo detects colocalized biomarkers specifically and sensitively on the surface of TDEVs. Surface biomarkers 
expressed by cancer cells were detected in our assay and signal strength correlated with protein expression, 
suggesting that biomarker composition on EVs is representative of expression in whole cells. Biomarkers present 
on cancer cells are colocalized on TDEVs and are readily detectable using the Mercy Halo platform. A positive 
signal was dependent on the presence of all biomarkers on the same EV. The specificity and sensitivity of the 
assay was improved by inclusion of multiple biomarker antibodies to detect two or more colocalized biomarkers 
on each EV. Finally, in a small clinical cohort proof-of-concept study, we demonstrate detection of early-stage 
HGSOC with similar sensitivity and improved specificity relative to CA125 ELISA.

Tumor-derived EVs are a robust analyte for liquid biopsy assays which can readily be detected using our 
platform technology. Biomarker expression on EVs strongly correlates with expression in the cell of origin 
highlighting the observation that EVs in blood can be used as a surrogate to detect tumor cells. The current 
proof-of-concept study suggests Mercy Halo can discriminate all stages of high-grade serous ovarian cancer 
(HGSOC) from benign and healthy samples in human plasma with high sensitivity and specificity and is 
being investigated for extensibility in other cancers and diseases.

INTRODUCTION

POSTER #3058

Early detection of cancer remains a significant challenge. Existing liquid biopsy approaches to detect early-stage 
cancer suffer limitations including the abundance and stability of the analyte, large sample volume requirements, 
and insufficient specificity to distinguish biomarkers as originating from benign or cancerous cells. Tumor-derived 
extracellular vesicles (TDEVs) exhibit both stability and abundance in human biofluids which make them an 
attractive target for early-cancer detection. Measurement of multiple, colocalized cancer-associated biomarkers 
on single EVs may improve upon existing methods for the non-invasive detection of cancer. To demonstrate this, 
we developed Mercy Halo™, an immunoassay designed to capture and detect cancer-specific biomarkers 
colocalized on the surface of EVs derived from cancer cells. Our platform shows promise for the sensitive and 
specific detection of early-stage ovarian tumors in human plasma.
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FIGURE 2: Heat maps comparing Mercy Halo signal (top row), mRNA expression (middle row, log2 TPM), and protein 
abundance as determined by mass spectrometry (bottom row, MS/MS) for the four biomarkers tested in this study, 
(A) Tetherin/BST2, (B) Folate receptor alpha/FOLR1, (C) MUC1, and (D) MUC16. Gene expression and MS/MS data 
were sourced from the Cancer Cell Line Encyclopedia (CCLE) from the Broad Institute. All data were row-scaled to 
allow comparison across data types. 
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