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Exosomes: In Primary Tumors, In Circulation
and at Pre-Metastatic Sites

Halylng Zhang, et. aI
Nature Cell Biology, 2018 We|II Cornell
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Biomarkers Found in Exosomes
Biological Properties: Adhesion, Fusion, and
Genomic Transfer

Proteins (membrane receptors, oncoproteins...)
Peinado et al., Nature Medicine 2012;
Costa-Silva et al., NCB 2015; Hoshino et al., Nature 2015

RNA (mRNA, miRNA, rRNA...)

Lipids

DNA
Thakur et al., Cell Research 2014

\

New Prognostic Markers and
Therapeutic Targets




Exosomes from MDA-MB-231 Sub-lines
Exhibit Organ Tropism

Exosomes injected (MDA-MB-231)
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Ayuko Hoshino, et. al.,

Nature, 2015



Tissue- and Cell-Specific Exosome
Uptake and Education
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Various technologies to isolate EVs

* Differential ultracentrifugation

* Density gradient

* Immuno-affinity capture

e Ultrafiltration

e Size-exclusion chromatography

* Polymer-based precipitation

* Microfluidics

 Asymmetric flow field flow fractionation (AF4)



Exosome Heterogeneity

|. Exosome subpopulations

Il. Non-exosomal nanoparticles

William Jarnagin
Jacqueline Bromberg
Mary Sue Brady
Katia Manova

Haiying Zhang, et. al.,
Nature Cell Biology, 2018

Haiying Zhang, et al.,
Nature Protocols, 2019 Weill Cornell Medicine




ldentification of different subsets of
exosomes by AF4 analysis

Hydrodynamic Radius (Rh) vs. time
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Exomeres and Exosomes Promote
Metastasis and Systemic Diseases

Exomeres = Organ failure, and wasting (i.e. Cachexia)
Exo-S = Distant metastasis

Exo-L =2 Lymph node metastasis, immune dysfunction



Exosome proteomic data on human samples

Over 440 human samples

samples (N = 513)

tumor (n) non-tumor (n)

— human (n = 442)

— mouse (n=71)

cell line (n = 115) cell line (n = 28)

tissue explant (n = 134) tissue explant (n = 33)

plasma (n = 123) plasma (n = 10)

serum (n =7)

bone marrow plasma (n = 30)

lymphatic fluid (n = 13)

bile duct fluid (n = 20)
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Goals:

1. To define common human exosome markers from different sources
(i.e. cell line, tissue, plasma, etc.)

2. To identify tumor-specific exosome markers

3. To classify primary tumor of unknown origin using exosome signature
Unpublished data Weill Cornell Medicine



|dentification of tumor-specific protein cargo In

human lung and pancreatic cancer tissue explant

tumor tissue

e

pancreatic ‘ distant tissue |ung

adjacent tissue

adenocarcinoma adenocarcinoma
10 pairs 14 pairs
< . >| serum-free media
)
24 hr
exosome isolation

protein analysis

Unpublished data



Plasma-derived Exosomal Proteins in Stage 1/1l PDAC Patients
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control plasmas PaCa plasmas PaCa explants adjacent tissues
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Pan-Cancer Exosomal Proteins in Plasma

Plasma exosomes (N=120)
non-tumor plasma (n=43) tumor plasma (n=77)
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Liquid biopsy biomarker:
Tumor plasma-derived exosomes vs non-tumor plasma-
derived exosomes

Predicted label Predicted label
(75% training set) (25% test set)
non-tumor tumor non-tumor tumor
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Sensitivity: 100% Sensitivity: 95%
Specificity: 82% Specificity: 90%
Positive Predictive Value: 91% Positive Predictive Value: 95%
Negative Predictive Value:100% Negative Predictive Value: 90%

Unpublished data



28 Plasma-derived exosome profiles classify primary
tumors of unknown origin

breast ca
* colorectal ca
* lung ca
# pancreatic ca

N =8
N =3
N =4
N =9

IJMesothelioma

Unpublished data Weill Cornell Medicine




In Conclusion:

* Tissue- and plasma-derived exosome and exomere
proteins may serve as biomarkers representing
tumor formation (even in early stages), progression
and metastasis

e Exosome and exomere proteomics may identify
specific proteins and molecular pathways to target

* Exosome proteomic—based drug development will
avoid unwanted side effects of targeting normal
tissues
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