
-

Extracellular vesicle and particle surface biomarker colocalization as a platform 
for early cancer detection

ISEV 2026

#22

Toumy Guettouche, Ibukunoluwapo O Zabroski, Brittany Grimes, Timothy Santos-Heiman, Aaron Chevalier, Mahmoud M. Bassam, Gabrielle N. Barcaskey, Katherine S. Yang, 
MacKenzie S. King, Cassidy Shultz, Troy B. Hawkins, Dawn R. Mattoon, Daniel P. Salem

Mercy BioAnalytics Inc., Waltham, Massachusetts 02451 (USA)

PLI-PCR Assay Schematic 

Demonstration of assay functionality Detergent Sensitivity 

of Assay Signal

Table 2. Assay discrimination performance across lung cancer histology, stage, and tumor size at 90% 

specificity. The AUC for LUSC and SCLC histologies were not determined due to the small number of 

samples.

Assay signal distribution across all cases 

Characterization of NCI-H2126 EVPs by super-resolution 

microscopy 

• Extracellular vesicles and particles (EVPs) carry surface proteins 

reflective of their cellular origin.

• EVPs represent a promising analyte for liquid biopsy–based cancer 

detection.

• We developed an immunoaffinity-based proximity ligation real-time 

immuno-PCR (PLI-PCR) workflow, on which we have built an ovarian 

cancer test and are currently developing a lung cancer test.

• Early detection of lung cancer (LC) remains a major unmet clinical 

need, as most patients are diagnosed at advanced stages when 

treatment options are limited and survival is poor. 

• The current standard of care, computed tomography lung screening 

(CTLS), is limited by low uptake, highlighting the need for a more 

accessible and scalable approach.

• LDCT demonstrated approximately 81% sensitivity at 92% specificity 

with Lung-RADS interpretation when aggregated across all three 

screening rounds in the National Lung Screening Trial (NLST), as 

reported by Pinsky et al. 2015.

• Circulating extracellular vesicles and particles (EVPs) provide a 

minimally invasive source of tumor-derived biomarkers that reflect the 

molecular and phenotypic states of the tumor.

• We developed an EVP-based liquid biopsy assay designed to achieve:

➢ High sensitivity through detection of EVPs that are released by 

tumor cells in high abundance.

➢ High specificity by measuring multiple cancer-associated 

biomarkers colocalized on the same EVP surface.
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Figure 2. Demonstration of assay functionality in cell line EVPs. Assay 

signal from NCI-H2126 EVPs (●) and Buffer (○) for biomarker combinations 

targeting CD63-positive (purple) and CD81-positive (magenta) EVPs. Heat 

map indicates the detection probes added to each reaction mixture.
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RESULTS SUMMARY
• Our PLI-PCR assay detects EVPs displaying up to four colocalized 

cancer-associated biomarkers. Assay signal correlates with cell gene 

expression, cell protein/carbohydrate expression, and EVP 

protein/carbohydrate expression.

• Biomarkers must be highly expressed and colocalized on the same 

EVP to generate amplifiable signal.

• EVP biomarker colocalization was confirmed using super-resolution 

microscopy.

• We performed a case–control evaluation including 114 lung cancer 

cases and 290 controls, enriched for early disease (88% Stage I/II; 

median tumor diameter 2.5 cm). Lung cancer histologies included lung 

adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), and 

small cell lung cancer (SCLC). Controls included individuals with 

current or prior tobacco use, never-smokers, individuals with chronic 

obstructive pulmonary disease (COPD), and individuals with benign 

pulmonary nodules.

• EVPs were analyzed from EDTA plasma using a proximity ligation 

immuno-PCR assay. The assay was comprised of a panel of six unique 

biomarker combinations.

• Overall performance: 50.0% sensitivity (57/114; 95% CI: 38.6%-63.2%) 

at 90% specificity across all stages.

• Stage I: 42.0% sensitivity (34/81; 95% CI: 29.6%-58.1%) at 90% 

specificity, including detection of tumors <2 cm.

• Assay signal correlated with tumor size (Spearman r = 0.64, p < 0.001) 

but not with smoking history, supporting the biological relevance of EVP 

biomarker co-localization.

• Tumors >1cm in diameter were detected.

• EVP-based liquid biopsy demonstrates the ability to detect clinically 

significant ovarian and lung tumors at early and more treatable stages.

• The LC assay shows performance approaching LDCT, while requiring 

only a small plasma volume and a qPCR-based readout.

• The platform is minimally invasive, scalable, and adaptable to diverse 

clinical environments, supporting broader access to early detection.

• These findings support further validation in independent cohorts and 

highlight EVP biomarker colocalization as a promising strategy to 

improve early lung cancer detection and patient outcomes.

• High-throughput approach to biomarker discovery and validation in 

EVPs can be achieved with NGS-based EVP surface protein mapping.

Cell Culture & EVP Production

NCI-H441, NCI-H2126, NCI-H520, BT-20, Farage, and Sf9 cells were cultured 

under standard conditions. EVPs were generated in EVP-depleted media, 

collected after 72 h, cleared by centrifugation/filtration, and stored at −80 °C. 

Conditioned media were concentrated using 100 kDa MWCO centrifugal filters.

Plasma Samples

De-identified EDTA plasma samples were stored at −80 °C; case/control status 

was blinded during study execution. Healthy donor samples were collected 

prospectively under IRB approval with informed consent; additional samples 

were obtained from commercial and biobank sources.

EVP Purification & Characterization

EVPs were purified from 1 mL plasma or conditioned media using size-exclusion 

chromatography (qEVoriginal/70 nm). Cell line EVP concentration was measured 

by nanoparticle tracking analysis or nanoflow cytometry.

Antibody Selection & Reagent Preparation

Commercial monoclonal antibodies were screened in cell line–derived EVPs; the 

working concentration of top clones were optimized. Antibody-functionalized 

magnetic beads (capture) and DNA-conjugated antibodies (detection) were 

prepared as described previously1.

Single-EVP Colocalization Assay (Immuno-PCR)

EVPs were captured on antibody-functionalized beads and interrogated with 

DNA-labeled detection antibodies. A proximity ligation reaction generated 

amplifiable DNA templates, quantified by qPCR (LightCycler® PRO). Signal 

reflected colocalized biomarker expression on single EVPs.

Detergent Sensitivity of EVPs

SEC-purified EVPs were captured by immunoaffinity and exposed to 0.075% 

Triton-X to disrupt membranes, followed by standard detection (probe binding, 

proximity ligation, qPCR).

Biomarker Profiling by Flow Cytometry (Cells)

Live NCI-H2126, NCI-H441, NCI-H520, BT-20, and Farage cells were stained 

with PE-conjugated antibodies to CEACAM5, CEACAM6, MUC1, sTn. Data 

were acquired on CytoFLEX S, analyzed in FlowJo, and background-subtracted. 

MFI for each biomarker depicts biomarker expression.

Biomarker Profiling in EVPs (nanoFlow Cytometry)

EVPs were protein-labeled, stained with PE-conjugated antibodies, and 

analyzed per MIFlowCyt-EV guidelines on CytoFLEX S configured for small-

particle detection.

Calibration, gating, and size assignment enabled quantification of protein-

positive and biomarker-positive EVP subpopulations.

Super-Resolution Microscopy

Single-EVP biomarker colocalization was evaluated by dSTORM (ONI 

Nanoimager) using fluorophore-labeled antibodies. Colocalization of biomarkers 

were identified by density-based clustering of CEACAM5, CEACAM6, and 

MUC1 localizations.

Classifier Development

qPCR Ct values from all six biomarker combinations were integrated into 

predictive models (Elastic Net, Random Forest, SVM, kernelPLS) in R. Models 

were optimized for sensitivity and stability using cross-validation and evaluated 

against all cases vs mixed controls (healthy, COPD, benign nodules).
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Biomarkers of interest on EVPs

Patient 
plasma/serum

EVPs isolated from human cell lines, plasma or serum

Healthy tissue-derived EVP

SEC

Other EVP biomarkers

Tumor-derived 
EVP

Sensitivity 

n % (95% CI) AUC (95% CI)

Histologies

LUAD

LUSC

SCLC

52/92

3/12

2/10

56.5% (43.5%-70.7%)

25.0% (0%-50%)

20.0% (0%-50%)

0.831 (0.780-0.882)

ND*

ND*

Stage

Stage I

Stage II

Stage III-IV

All stage

34/81

15/19

8/14

57/114

42.0% (29.6%-58.1%)

78.9% (57.9%-94.7%)

57.1% (32.6%-78.5%)

50% (38.6% - 63.2%)

0.771 (0.711-0.830)

0.919 (0.843-0.994)

0.817 (0.661-0.973)

0.801 (0.751, 0.851)

Tumor Size

≤ 3 cm

> 3 cm

27/71

27/32

38.0% (23.9%-54.9%)

84.4% (71.9%-96.9%)

0.752 (0.688-0.817)

0.959 (0.930-0.988)

Figure 3. Reduction in assay 

signal following detergent 

exposure of captured EVPs.

Impact of colocalized biomarker expression on assay 

performance in lung cancer-derived EVPs
Figure 4. Application of assay 

design to lung adenocarcinoma 

EVP detection using the biomarker 

combination 

CEACAM5/CEACAM6/MUC1/sTn. 

Comparison of assay signal 

strength across a panel of cancer 

cell line EVPs. Heat maps 

represent single biomarker 

expression levels measured by 

EVP flow cytometry (top), cell flow 

cytometry (middle), and gene 

expression (bottom). 

ST6GALNAC1 used as a surrogate 

for sTn expression.

Demographic info of clinical samples

*Mean and Median were not determined for these samples as only age ranges were 

provided by the biobanks

Figure 6. (A) Assay signal distribution across all cases (separated by stage) and non-cancer controls. 

(B) ROC curves summarizing discrimination performance for all cases by stage – stage I (magenta), 

stage II (blue) and stage III/IV cases (teal) versus all non-cancer controls. (C) Assay signal as a 

function of tumor size and stage among all cases. (D) Correlation between model score and smoking 

history among non-cancer controls (never-smoker, ever-smoker, and COPD groups). 

Assay performance at 90% specificity.
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Table 1 Demographic information of clinical samples included in the 

training study.
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Training study (N = 404)
Healthy COPD Benign LUAD LUSC SCLC

N 203 42 45 92 12 10
Stage

IA

IB

II

III

IV

44

24

18

4

2

12

-

-

-

-

1

-

1

6

2

Smoking status
Smokers 101 42 30 64 12 10
Never smokers 102 - 15 26 - -
Unknown NA NA NA 2 - -
Age, years
Median 59 58 64 ND* ND* 64.5
Mean 60 59 62 ND* ND* 65.2
< 50 - - 8 - - -
50 - 59 112 26 9 15 1 2
60 - 69 68 13 14 37 4 6
70 - 79 20 3 13 27 6 2
80 - 89 3 - 1 13 1 -
Ethnicity
White 165 42 27 27 - 10
Black 28 - 1 1 - -
Asian 2 - - - - -
Non-white 6 - - - - -
Unknown 2 - 17 64 12 -
Sample source
Mercy collection 203 - - - - -
Ontario 
Tumour Bank

- - - 64 12 -

ProteoGenex - 42 9 20 - 10
iSpecimen - - 36 8 - 1
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Figure 5. 

Characterization of NCI-

H2126 EVPs by super-

resolution microscopy 

using sTn-targeted 

capture and 

CEACAM5/CEACAM6/

MUC1-targeted 

detection. 

Representative images 

of (A) double-positive 

(B) triple-positive, (C) 

and quadruple-positive 

EVPs. (D) Abundances 

of 

double/triple/quadruple-

positive EVP 

subpopulations.
Manning et al. Ovarian 

cancer publication

Figure 1. Schematic of assay workflow of the proximity ligation immuno-PCR (PLI-PCR) assay to detect EVPs displaying four colocalized surface 

biomarkers. (A) EVPs are enriched from a sample matrix using size-exclusion chromatography (SEC). (B) Affinity reagents targeting cancer-

associated biomarkers are conjugated to magnetic beads (capture reagent) and oligonucleotides (detection probes). (C) EVPs are captured using 

antibody-functionalized magnetic beads targeting a cancer-associated surface biomarker. Captured EVPs are incubated with three complementary 

detection probes which target three additional cancer-associated surface biomarkers. The detection probes can hybridize and ligate when bound 

to the same EVP, resulting in a ssDNA template detectable via qPCR. 
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