
Statstical Methods for the Study of Extracellular Vesicles Content and their 

Potential as Biomarkers of Multiple Myeloma Agressiveness

AUTHORS: Carol ina Pestana | L isete Sousa,  Emil ie Carneiro,  Fi l ipa Barahona,                                   
…Joana Caetano, Raquel Lopes,  Bruna Ferreira,  Crist ina João

R&D UNIT: CEAUL CONTACT: lmsousa@fc.ul.pt

INTRODUCTION & OBJECTIVES

MATERIALS & METHODS

Multiple Myeloma (MM) is an aggressive and incurable haematologic malignancy preceded by the precursor stage of monoclonal gammopathy of undetermined
significance (MGUS) [1]. Tools such as the disease aggressiveness score (R-ISS) [2] are currently used to estimate prognosis but they fail to accurately predict
which patients will relapse earlier and die prematurely [3], therefore new biomarkers for disease aggressiveness are needed. Extracellular vesicles (EV) are
emerging players in cancer, currently being explored as liquid biopsies. The present work aims at performing a statistical analysis that could allow the detection
of differentially expressed proteins to identify the most promising EV proteins biomarkers in a group of MM patients.

A mass spectrometry (MS) analysis was performed on EV isolated from peripheral blood’ samples in order to obtain the quantitative protein abundance for each
sample. Then, the Rank Product (RP, RankProd R package) statistical method was applied to detect differentially expressed proteins in each one of the two interest
groups: (A) patients’ diagnosis and (B) R-ISS score. Although this method was originally designed to identify differentially expressed genes in a single experiment
[4], it received widespread acceptance and is now used in several domains of -omics, such as transcriptomics and proteomics.
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PRE-PROCESSING OF MS DATA

The mass spectrometry (MS) analysis allowed the identification of 1067 proteins. Since MS data was already normalized and filtered, the following procedure
was applied to merge the two technical replicas of each sample into a single one:

A False Discovery Rate (FDR) equals to 0,2 was used as a cut-off to define the differentially expressed proteins and the level of significance for protein selection was set at 0,05.

BUT WHY DID WE USE THE RANK PRODUCT METHOD?

COHORT’S DESCRIPTION

RESULTS

EV PROTEINS WITH DIFFERENTIAL EXPRESSION LEVEL

The heat maps’ (left graphs) colour scheme represents the lower or higher abundance (on a green to red scale, respectively) of the selected proteins with differential expression
in each group. Right graphs represents the relative protein expression of the same proteins represented on the left graphs.
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DISCUSSION & CONCLUSION

All selected proteins are already described in the literature as having a direct or indirect relationship
with cancer. Those preliminary results require confirmation with a larger cohort of patients but yet,
exosomal content analysis seems a promising approach for the identification of informative and non-
invasive biomarkers for MM.

Despite the small number of samples, the method was able to identify 7 proteins with differential
expression between diagnostic groups and 9 proteins between aggressiveness levels of R-ISS score.

More than 100 patients’ samples are currently undergoing analysis by MS. This new set of data will be analysed with the Limma package, implemented in the R/Bioconductor. This
is a parametric method, which fits a linear model to each protein, using a moderated t-statistics from the empirical Bayes procedure. This empirical approach makes use of the
parallel structure between the -omics data, making a reliable estimation.

With this new data set we aim estimating the probabilities of disease progression, relapse and response to treatment through multi-state models and survival analysis, associated 
with protein expression and other clinically relevant variables.
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