
Figure 3. Nanoflow cytometry of SEC fractions reveals immuno-PCR biomarker peak expression corresponding 
to EVP fractions. Individual SEC fractions were stained with PE-conjugated antibodies to MUC1, FOLR1, and 
BST2. Fractions were co-stained with the membrane reactive dye (di-8-ANEPPS) to identify membrane-
containing EVP. COV413A cell-line derived EVP show a peak in biomarker expression corresponding to typical 
EVP collection volumes (gray box). Similar peaks are observed in OC serum-derived EVP, but at a lower 
abundance compared to cell-line derived EVP. Note the y-axis is in log scale.
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Figure 6. Summary of characterization assays used to define EVP fractions. Each row of the heatmap delineates an 
independent assay performed on SEC purified fractions. The majority of biomarker signal localizes to the EVP-
containing fractions. Signal is normalized to a 0 to 1 scale to compare distinct assays on a single heatmap.

The reference material was characterized using multiple complementary 
techniques including fluorescent nanoparticle tracking (NTA), nanoflow 
cytometry, single molecule localization microscopy (SMLM) and immuno-
PCR. Cell line-derived EVP were characterized and compared to serum-
derived EVP for use as a reference material in the EVP-blood test. Size 
exclusion chromatography was used to isolate EVP (gray outlined 
collection volume) and non-EVP fractions. Fractions were analyzed for the 
presence of EVP, protein, single biomarker expression and biomarker 
colocalization.

Immuno-PCR biomarkers colocalize on single EVP

Figure 5. Biomarker colocalization is detected in EVP fractions using an immuno-PCR assay. Individual SEC fractions 
were interrogated for the colocalization of MUC1, FOLR1, and BST2 using the immuno-PCR assay described here. 
Fractions that correspond to the EVP-containing collection volumes defined in figures 1 and 2 (gray box) contain 80% of 
the biomarker signal for both COV413A cell line EVP and OC serum EVP. Healthy serum EVP do not express all three 
biomarkers at significant levels to generate a signal in the immuno-PCR assay.

Immuno-PCR assay signal coincides with EVP fractionsImmuno-PCR OC biomarkers distribute in EVP 
fractions

Figure 2. Fractions within a standard SEC collection volume for EVP (gray box) are positive for CD9. Each SEC 
fraction was analyzed using nanoflow cytometry for CD9 particle counts using EVP labeled with CD9-PE and the 
membrane reactive dye (di-8-ANEPPS). COV413A cell-line derived EVP contain the highest CD9 counts, while OC 
serum contains a distinct peak in the same fraction collection volume.

Tumor-associated extracellular vesicles and particles (EVP) have emerged as highly valuable 
analytes for early-stage cancer detection due to their abundance, stability and cargo that reflects the 
cell of origin. An EVP-based blood test was developed for ovarian cancer (OC) that detects the 
presence of tumor specific biomarkers co-localized on the surface of EVP in patients’ blood1-3. The 
assay integrates immunoaffinity capture, proximity ligation-based detection, and a quantitative PCR 
(qPCR) readout to generate cycle threshold (Ct) values for biomarker combinations1-3. To maintain 
reproducibility and reliability across different reagent lots for the EVP-blood test, a novel, stable, and 
traceable reference material (RM) must be established. To address this, we developed RM using 
EVP derived from an OC cell line. Our objective is to characterize this novel EVP reference material 
and compare to clinical samples.

METHODS

INTRODUCTION RESULTS

This work represents a critical advancement in the development of robust EVP-based diagnostic 
tests, with the potential to significantly improve early OC detection and inform clinical decision-
making. Importantly, analysis of the EVP and protein fractions using the EVP-blood test 
demonstrates that the biomarker signal is specifically enriched in the EVP fractions. These findings 
collectively support two key conclusions: (i) EVP derived from OC cell lines serve as a suitable 
surrogate for serum-derived EVP from OC patients and can be used as reference materials; and (ii) 
the EVP-based assay specifically detects biomarkers localized within the EVP fraction.
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Figure 1. Membrane positive EVP elute during SEC in distinct fractions from large and small particles. EVP and non-
EVP fractions from COV413A cell line conditioned media and healthy or OC serum were collected using SEC. EVP 
concentration was determined using nanoflow cytometry on fractions stained with a membrane reactive dye (di-8-
ANEPPS). Total protein (µg/mL) was determined using the BCA protein assay (Thermo) and lipoprotein (ApoAI) 
concentration (ng/mL) was determined using an ELISA assay (R&D Systems). Membrane-positive COV413A, healthy 
serum, and OC serum EVP peak in fractions 2.4-4.2mL (gray box), while few particles are observed in early fractions, 
and late fractions are predominantly free protein or lipoprotein-enriched. Note that lipoproteins are reactive with the 
membrane dye leading to the large membrane positive peak observed in fraction elution volumes > 4.2mL. 
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Cell line-derived and OC serum EVP have similar 
expression profiles 

Figure 4. Single molecule localization microscopy supports the colocalization of all three immuno-PCR 
biomarkers on single COV413A and OC serum EVP and an absence on healthy serum EVP. Select SEC fractions 
were captured on antibody-coated chips and then labeled with antibodies against BST2 and FOLR1 conjugated to 
Alexa Fluor 568 (magenta) and Alexa Fluor 647 (blue), respectively. Total EVP counts were determined using the 
PanEV dye from ONI (green). Imaging was performed using the ONI Nanoimager platform. Scale bar = 100nm. 
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