
• Baseline and on-treatment plasma samples were collected from advanced stage
ovarian cancer patients treated with MVP-S based therapy in the DeCidE1 Phase 1b
trial (NCT02785250).

• Extracellular vesicles (EVs) were isolated from plasma samples of 22 subjects

• Paired plasma and EVs samples were analyzed by 2D LC-MS/MS on a Thermos
Orbitrap Velos.

• Nine samples that did not meet the set normalization criteria were excluded from
the functional analysis.

• EV-enriched markers were identified by searching the annotated SwissProt
database using Mascot.

• EV-specific proteomes were subjected to Gene Onotology (GO) functional
enrichment analysis and pathway analysis (REACTOME and ClueGo).

• Statistical analysis was performed using an unpaired two-tailed t-test. P-value of
<0.05 was considered significant
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ABSTRACT

MATERIALS & METHODS

RESULTS

CONCLUSION

Ovarian cancer is a deadly gynecological disease owing to its late-stage diagnosis.
Recurrence and chemo-resistance develop despite initial treatment success.
Maveropepimut-S (MVP-S), formerly DPX-Survivac, is a DPX-based immune
educating therapy that elicits robust, targeted and, sustained specific anti-tumor T-
and B-cell responses in advanced ovarian cancer patients.
Exosomes are a subtype of extracellular vesicles (EVs) secreted by cells involved
in intercellular communication. They contain bioactive molecules that can
influence the tumor, the immune system, and the extracellular environment.
Hence, circulating exosomes could provide real time assessment of disease
evolution making them ideal minimally invasive biomarkers for monitoring
response to immunotherapies.
Plasma exosomes were isolated from advanced ovarian cancer patients (n=22) at
pre- and on-treatment with MVP-S based therapy (DeCidE1 trial, NCT02785250).
Subjects with clinical benefit to therapy displayed a lower overall total EV protein
concentration. Untargeted proteomic profiling by liquid chromatography tandem
mass spectrometry identified 277 proteins in exosomes. Of these, 95 (42%) were
likely from non-tumor exosomes and involved in immune modulation such as
regulation of humoral response and B-cell immunity. When compared to the
plasma proteome, 128 (56%) proteins were found to be exclusive to exosomes.
Functional annotations of these proteins suggest their role in modulating immune
pathways related to Fc receptor mediated signaling and T-cell migration.

● Results of this study demonstrate the feasibility and importance of the utilized
EV purification protocol from whole plasma samples for the successful
downstream functional analysis.

● On-treatment concentrations of EV proteins in circulation is decreased in
subjects that achieved tumor reduction.

● Consistent with the mechanism of action of MVP-S based therapy, analysis of
proteomic signatures of EVs suggests of activation of immune-related
processes in on-treatment samples.

● Based on the successful results of this initial study, further studies will be
performed to expand EV analysis to a larger cohort of MVP-S treated patients
as well as to evaluate differences in EV protein functions amongst patients
with different clinical response to MVP-S therapy.
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Figure 4: Pathway analysis of EV proteins. (A) Gene ontology (GO) enrichment analysis of immune system
processes of EV proteins. (B) GO enrichment analysis of non-tumor-cell-specific EV proteins. Tumor-cell-
specific EV proteins were identified based on published EV protein datasets of ovarian cancer cell lines
(PUBMED ID: 27894104) and were excluded from the analysis. The GO functional enrichment analysis in
panels A and B were performed using ClueGo. (C) REACTOME pathway analysis of the top 50 up- and
downregulated EV proteins extracted from plasma of patients treated with MVP-S based therapy. EV
proteomic signatures induced by MVP-S based treatment are associated with enhanced immune
responses and inhibition of cancer-related pathways.

Figure 2: Isolation and analysis of extracellular vesicles (EVs). (A) EVs were isolated from
plasma followed by downstream physical and proteomic analysis. (B) Representative TEM image
of EVs measuring between 77 – 107nm. (C) Detection of EV-enriched proteins CD63 and CD81 in
EV samples by protein immunoblot analysis (representative image). (D) The Venn diagram
illustrates shared and unique proteins between purified EVs and plasma. (E) Presence of the top
100 most common EV-enriched markers (SwissProt database) was compared in the proteomes
of purified EVs and in the proteomes of paired plasma samples; results confirmed expected
enrichment of EV markers in the purified EVs. Both physical and proteomic analyses confirmed
successful isolation and enrichment of EVs from patient plasma. Use of enriched EV fractions
may provide better consistency and sensitivity than the use of whole plasma samples in
downstream analyses.
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Treatment schedule for patients enrolled in DeCidE1 trial. Schedule  is continuous 

beyond SD140 until disease progression.

On-treatment changes in extracellular vesicle 
concentrations correlate with tumor growth

Figure 3: Correlations between on-treatment changes in EV concentrations
in response to MVP-based therapy (A) Protein concentrations were
determined by Bradford assay in EV samples purified from plasma of twenty-
two individual patients with different clinical responses to MVP-S based
therapy (best response by RECIST criteria). Results are shown as fold change in
protein concentration on-treatment compared to the baseline. (B) Correlative
analysis of Log2 fold change of EV concentration and tumour change from
baseline at at the time of best response

GO enrichment analysis indicates that isolated EV
proteins are involved in myeloid/leukocyte
immunity, Fc receptor mediated signaling,
complement activation, NK activation, T cell
migration, and antigen processing.
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Detection of EV markers in:

Pathway 
identifier

Pathway name
#Entities 

found
p-value FDR

R-HSA-216083 Integrin cell surface interactions 9 7.16E-11 4.72E-09
R-HSA-1500931 Cell-Cell communication 9 3.35E-09 1.67E-07
R-HSA-446728 Cell junction organization 8 4.68E-09 1.87E-07
R-HSA-446353 Cell-extracellular matrix interactions 5 1.62E-08 5.36E-07
R-HSA-354194 GRB2:SOS provides linkage to MAPK signaling for Integrins 5 2.09E-08 5.86E-07
R-HSA-6802948 Signaling by high-kinase activity BRAF mutants 6 2.67E-08 6.95E-07

R-HSA-8936459
RUNX1 regulates genes involved in megakaryocyte 
differentiation and platelet function 7 2.98E-08 7.37E-07

R-HSA-372708 p130Cas linkage to MAPK signaling for integrins 5 3.35E-08 7.37E-07
R-HSA-5674135 MAP2K and MAPK activation 6 5.02E-08 1.00E-06
R-HSA-9656223 Signaling by RAF1 mutants 6 5.02E-08 1.00E-06
R-HSA-1474244 Extracellular matrix organization 11 6.70E-08 1.27E-06
R-HSA-6802946 Signaling by moderate kinase activity BRAF mutants 6 8.86E-08 1.42E-06
R-HSA-9649948 Signaling downstream of RAS mutants 6 8.86E-08 1.42E-06
R-HSA-6802955 Paradoxical activation of RAF signaling by kinase inactive BRAF 6 8.86E-08 1.42E-06
R-HSA-6802949 Signaling by RAS mutants 6 8.86E-08 1.42E-06
R-HSA-6802952 Signaling by BRAF and RAF1 fusions 6 5.10E-07 7.65E-06
R-HSA-354192 Integrin signaling 5 5.57E-07 7.80E-06
R-HSA-140877 Formation of Fibrin Clot (Clotting Cascade) 5 8.97E-07 1.17E-05

R-HSA-9651496
Defects of contact activation system (CAS) and kallikrein/kinin 
system (KKS) 4 1.71E-06 2.05E-05

R-HSA-6802957 Oncogenic MAPK signaling 6 2.05E-06 2.46E-05

Figure 1: Mechanism of action of MVP-S based therapies. Maveropepimut-S (MVP-S), formerly DPX-
Survivac, contains 5 peptides derived from the tumor antigen survivin, as well as poly dIdC and a T
helper peptide. formulated in DPX™. DPX technology is a non-aqueous, immune-educating therapeutic
platform used to deliver specific instruction to the immune system. Antigenic peptides can be packaged
within DPX to elicit a robust and persistent tumor antigen-specific T /B cell response.

Functional annotation of proteins from extracellular vesicles 
indicates their role  in immune modulation  pathways
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GO enrichment analysis was performed using the fraction of EV proteins that have no known associations with
published ovarian tumor cells EV profiles and therefore is likely secreted from non-tumor cells. The enrichment
analysis indicated that non-tumor EV proteins are mostly involved in humoral immune pathways.
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All  EV proteins Proteins specific to EVs  and not found 
in plasma

Pathway identifier Pathway name
#Entitie
s found

p-value FDR

R-HSA-977606 Regulation of Complement cascade 16 1.11E-16 1.21E-14
R-HSA-166658 Complement cascade 17 1.11E-16 1.21E-14
R-HSA-168249 Innate Immune System 29 4.88E-14 3.52E-12
R-HSA-2168880 Scavenging of heme from plasma 11 1.53E-12 8.28E-11
R-HSA-109582 Hemostasis 21 1.49E-11 6.40E-10
R-HSA-166663 Initial triggering of complement 10 1.41E-10 5.08E-09
R-HSA-2173782 Binding and Uptake of Ligands by Scavenger Receptors 11 1.97E-10 6.12E-09
R-HSA-114608 Platelet degranulation 10 6.59E-10 1.78E-08
R-HSA-76005 Response to elevated platelet cytosolic Ca2+ 10 1.04E-09 2.51E-08
R-HSA-173623 Classical antibody-mediated complement activation 8 1.19E-08 2.51E-07
R-HSA-166786 Creation of C4 and C2 activators 8 3.34E-08 6.35E-07
R-HSA-166665 Terminal pathway of complement 4 5.53E-08 9.95E-07
R-HSA-6798695 Neutrophil degranulation 13 1.42E-07 2.27E-06
R-HSA-168256 Immune System 30 2.10E-07 3.15E-06
R-HSA-2029481 FCGR activation 7 3.76E-07 5.26E-06
R-HSA-76002 Platelet activation, signaling and aggregation 10 5.90E-07 7.68E-06

R-HSA-381426
Regulation of Insulin-like Growth Factor (IGF) transport and 
uptake by Insulin-like Growth Factor Binding Proteins 
(IGFBPs)

7 1.50E-06 1.80E-05

R-HSA-2029485 Role of phospholipids in phagocytosis 7 1.66E-06 1.99E-05
R-HSA-9664323 FCGR3A-mediated IL10 synthesis 7 2.97E-06 3.27E-05
R-HSA-174577 Activation of C3 and C5 3 4.46E-06 4.46E-05

Partial  Response
Stable Disease
Progressive Disease

Spearman r=0.53
p=0.012


