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Correlation of a novel extracellular vesicle-based ovarian cancer 
blood test with patient-matched tumor multiomics analysis of high-

grade serous ovarian carcinoma

• Benign tissues showed low RNA expression of MUC1, MUC16, FOLR1, and ST6GALNAC1, 
with intermediate BST2 levels.

• HGSC tissues had high expression of these biomarkers (BMs), except BST2, which was 
downregulated in 25% of cases.

• Single Molecule Localization Microscopy (SMLM) showed colocalization of BMs on EV’s from 
the ovarian cancer (OC) cell line COV413A and blood EVs from OC patients.

• The sensitivity 0-12 months prior to diagnosis of HGSC of the EV-based blood test was 83% 
(89% Stage I/II).

• The specificity of the EV-based blood test was 97.7%. 

• The AUC 0-12 months prior to diagnosis of the EV-based blood test was 0.94. 

• In samples from women with a false positive transvaginal ultrasound (TVUS FP) who underwent 
trial surgery in the USS arm and had benign pathology, the specificity of the EV-Blood Test was 
97.6%.

• In positive QC controls the %CV was 0.6% and in negative controls the %CV was 12.7% to 
20.9%.

• Screening tests for ovarian cancer (OC) that rely on single biomarker (e.g.CA125) detection 
and/or imaging (e.g. TVUS) lack early-stage sensitivity1,2,3. 

• Extracellular vesicles (EVs) in blood offer increased sensitivity due to their abundance and 
specificity through the detection of multiple colocalized cancer-related biomarkers5,6.

• The EV-based blood test captures EVs and detects five key biomarkers: BST-2, FOLR1, MUC-
1, MUC-16, and sialyl-Tn (STn) 5,6.

• The EV-based blood test was locked (biomarkers, classifier, cut-off) following a training study, 
after which we observed consistent assay performance in an independent cohort.

• Here we report on 1) Biomarker colocalization on ovarian cancer tissues and EVs. 2) the 
analytical and clinical performance of the EV-based blood test in a retrospective-blinded-
evaluation nested within the UKCTOCS which represents the intended target population for 
clinical application of this test.
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• Biomarker colocalization on tumor correlates with colocalization on tumor-associated EVs.

• Colocalized biomarkers on EVs enable a highly sensitive and specific blood test for the 
detection of early-stage HGSC in asymptomatic postmenopausal women.

• The rigor of the prospective-specimen-collection, retrospective-blinded-evaluation (PRoBE) 
design4 supports the conclusion that the EV-based blood test may be suitable for ovarian 
cancer screening. 

• Control data demonstrates highly reproducible day-to-day assay performance.

• The technology is extendable to other cancers, potentially expanding its clinical utility beyond 
ovarian cancer.

Conclusions

Methods

Results

Elevated Expression of Biomarkers in HGSOC 
Tumor Tissue

RNAseq analysis of tumor and non-tumor samples demonstrating elevated expression of MUC1, MUC16, and 
FOLR1 in early- and late-stage HGSOC. The heat map indicates normalized gene expression for BST2, 
FOLR1, MUC1, MUC16 and ST6GALNAC1 (as a surrogate for STn abundance) in log2 transcripts per million 
(TPM).

Ovarian Cancer Assay Score
Class

log2(TPM+1) Assay Score

Class

BST2

FOLR1

MUC1

MUC16

ST6GALNAC1

EV-based blood test sensitivity and specificity by group, 0-12 months prior to diagnosis

Group Controls
Benign

(TVUS False 
Positive)

Borderline
EOC* Non-EOC Non-HGSC

iEOC*
HGSC iEOC

All Stage
HGSC iEOC

Stage I/II
HGSC iEOC
Stage III/IV

% 97.7 97.6 8 20 33 83 89 81

N,
95% CI

1149/1176,
96.7-98.4

84/86,
91.9-99.7

2/24,
2-26

1/5,
4-62

2/6,
10-70

34/41,
69-92

8/9,
57-98

26/32,
65-91

QC Control 1 Control 2 Control 3

Mean 0.033 0.185 0.955

SD 0.007 0.023 0.006

%CV 20.9% 12.7% 0.6%

ROC Curves for EV-based blood test for HGSC 
using HGSC samples drawn 0-12 months prior to 
diagnosis. 

Table of QC Control performance over 37 days of this 
clinical evaluation study

A.All-stage
B.Stage I/II

OC Assay biomarkers are upregulated and colocalized in FFPE tissue sections from patient samples. 
Multiplex IHC staining demonstrates that BST2, MUC1 and STn are absent in a representative non-
cancerous tumor section (left panel) but  abundant and colocalized in an early-stage tumor sample (right 
panel). Coexpression of the biomarkers was determined at the cellular level using HALO AI (Indica Labs). 
The table summarizes the correlation between the EV-based OC Assay Signal and biomarker colocalization 
abundance as determined by image analysis.

Class n MUC1/BST2/STn
Raw Ct value

OC Test 
Score
(0-1)

MUC1+ BST2+ STn+ MUC1/BST2/STn+

Benign 13 33.2 0.032 1 % 57 % 2 % 0 %
Early Stage 
HGSOC 25 24.9 0.709 23 % 59 % 42 % 8 %

Capture and detection of single colocalization of BST2, FOLR1, MUC1, MUC16, and STn on individual EVs 
from human cell lines and HGSOC plasma. Top panels: representative examples of individual EVs imaged 
using dSTORM (ONI) using antibodies to 1) MUC1 (Capture), BST and FOLR1 (Detection) and a pan-EV 
stain (PanEV) 2) MUC16 (Capture) and STn (Detection) and a pan-EV stain (PanEV) 3) STn (Capture), 
BST2 and FOLR1 (Detection) and a pan-EV stain (PanEV). Lower panel: representative quantitation of 
single, double, and triple biomarker-positive EVs from COV413A (MUC1hi/BST2hi/FOLR1hi), cell line EVs and 
pooled human HGSOC plasma EVs.  Numbers of captured EVs represent the total number of EVs detected 
by the clustering algorithm.  

Sample type COV413A Plasma

Capture MUC1 MUC1

Detection BST2+FOLR1+PanEV BST2+FOLR1+PanEV

Representative dSTORM image 
of triple biomarker positive EVs 

Sample type COV413A COV413A

Capture MUC16 STn

Detection STn+STn+PanEV BST2+MUC1+PanEV

% BM+
93.4
3.8
2.6
0.2

Detection BM
PanEV
MUC1, PanEV
BST2, PanEV
BST2, MUC1, PanEV

SensitivitySpecificity

Biomarker Colocalization in Tumors Correlates with 
Abundance and Coexpression on EVs

Samples: 58 HGSC (17 Stage I, 30 Stage II, and 10 
Stage III) and 17 benign ovarian tumor K2EDTA 
plasma samples and paired FFPE tissues were 
sourced from the Ovarian Cancer Research Program 
(OVCARE, Vancouver BC, Canada).

RNA Sequencing: RNA sequencing analysis was 
carried out to assess expression levels of the 
biomarkers in each FFPE tissue sample. Four, 10-
micron FFPE scrolls adjacent to the H&E-stained 
section were cut and shipped to Novogene 
(Sacramento, CA USA) for RNA sequencing. 
ST6GALNAC1 RNA expression was used as a 
surrogate for the glycosylation marker, STn.

Tissue Immunohistochemistry: A tumor microarray 
from matched FFPE tissue samples was stained with 
an Opal multiplex-IHC (mIHC) assay comprised of 
antibodies to BST2, MUC1, STn, pan-cytokeratin 
and DAPI. Machine learning based image analysis 
was utilized to determine colocalization of the 
biomarkers at the cellular level within tumor and non-
tumor tissue. 

Super-Resolution Microscopy: Super-resolution 
microscopy was employed to visualize stained 
biomarkers on the cell surface of COV413A ovarian 
cancer cell line EVs. SEC-purified EVs were 
captured on the surface of a glass slide using 
antibodies to MUC1, Muc16, and STn according to 
the manufacturer’s protocol (Oxford Nanoimaging, 
ONI). Biomarkers on individual EVs were visualized 
with biomarker-specific antibodies conjugated to 
AF488, AF568, or AF647 and detected using an EV 
Profiler Kit and Nanoimager (ONI) following the 
instructions provided by the manufacturer (ONI). All 
analysis was done using the AutoEV module in the 
CODI software in consultation with Oxford 
Nanoimaging.
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*EOC = Epithelial ovarian cancer, iEOC = Invasive epithelial ovarian cancer

A) Antibodies to cancer-associated, cell-surface biomarkers used for EV capture and detection are conjugated to magnetic 
beads (capture) or complementary DNA-conjugated oligonucleotides (detection). B) EVs are captured using antibody-
functionalized magnetic beads. C) Immunocaptured EVs are then incubated with two additional cancer-specific biomarker 
detection antibodies. The dsDNA oligonucleotides contain single-stranded overhangs which ligate only when in proximity on 
the same EV to a complementary probe-antibody, generating a template for PCR. The Ct values from each qPCR reaction 
are used by the test algorithm to calculate the final EV-based OC Test score.

EV-based Liquid Biopsy Assay

DAPI
PanCK
BST2
MUC1
STn

Expression and Colocalization of BST2, MUC1, and 
STn in Tumor Biopsies Correlates with 

Colocalization on EVs

Number of captured EVs: 3651 Number of captured EVs: 4735

% BM+
23.4
16.7
29.7
30.2

Detection BM
PanEV
BST2, PanEV
FOLR1, PanEV
BST2, FOLR1, PanEV

% BM+
5.6
41.0
17.2
36.2

Number of captured EVs: 3290 Number of captured EVs: 1218

% BM+
35.8
38.3
10.4
15.4
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Detection BM
PanEV
STn, PanEV
STn, PanEV
STn, STn, PanEV
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