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Identification of potential cancer biomarkers in microvesicles by mass
spectrometry
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Abstract

Microvesicles belongs to so-called extracellular vesicles group. They are heterogeneous membrane-
bound sacs that are shed from the surface of cells into the extracellular environment in a highly regulated process.
Because they carry a proteomic signature of their cells of origin, their proteomic and glycomic analysis can
represent the innovative source of glycoprotein based biomarkers, not only cancer but also inflammation,
metabolic and other various diseases. Thus, microvesicles play an important role in future biomedical research
and in diagnostic and therapeutic strategies.

Keywords: microvesicles; mass spectrometry; glycomics; proteomics

Introduction and Objectives

Microvesicles are small membrane vesicles surrounded by a lipid bilayer. The size
typically range from 100 nm up to 1000 nm in diameter. Microvesicles originate directly from
plasma membrane and their generation is dependent from Ca2+ levels [1]. Their composition
is not limited to the secretory pathway, thus reflect variety of proteins of the cell origin [3].
Microvesicles are part of most of body fluids, including blood, urine and saliva [2]. They are
involved in intercellular communication, immune response, inflammation, angiogenesis and
coagulation. They have been described to also play role in other diseases including cancer [4].

Glycosylation is one of the most frequent and well-known post-translational
modification of proteins. It is the enzymatic process that produces glycosidic linkages of
saccharides to other saccharides, lipids or proteins. Aberrant glycosylation plays a fundamental
role in key pathological steps of tumor development and progression [5].

Proteomic and glycomic analysis of microvesicles can represent the innovative source
of glycoprotein-based biomarkers of inflammation, metabolic diseases, cancer, and other

diseases.

Materials and methods

400 pl of plasma pool from healthy individuals was centrifuged at 16 000 x g for 40
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min at room temperature. After centrifugation, supernatant was carefully removed and the
pellet was washed and pelleted again three times to isolate the microvesicles without plasmatic
proteins [6].

For analysis, microparticle pellet was denatured with 20 pl 8M urea (30 min, 60°C),
reduced by 5 mM dithiothreitol (30 min, 60°C)and alkylated in presence of 40 mM
iodoacetamide (60 min, RT/in dark). The modification reaction was stopped (quenched) by 10
mM DTT. Sample was diluted adding 5 volumes of 50 mM TEAB. For protein digestion, 0.125
pg of modified sequencing grade trypsin (Promega, W1, USA) and 1 mM calcium chloride was
used and the sample was incubated overnight at 37°C. Next day, sample was split into two
parts.

In one part, enzymatic digestion was stopped in presence of 0.5 % trifluoroacetic acid
and the peptides were purified by reverse phase SPE and ethyl acetate extraction. Proteome
was analyzed by nanospray LC-MS/MS Orbitrap Elite™ Hybrid Ion Trap-Orbitrap Mass
Spectrometer coupled with UltiMate™ 3000 RSLCnano System. The set of nanotrap column
(Acclaim PepMap100 C18, 75 um x 20 mm, Dionex, CA, USA) and nanoseparation column
(Acclaim PepMap C18, 75 um x 500 mm, Dionex) attached to UltiMate 3000 RSLCnano
system (Dionex, CA, USA) were used. The peptides were separated in 120 min gradient from
3% to 43% B with two mobile phases used: 0.1% formic acid (v/v) (A) and 80% acetonitrile
(v/v) with 0.1% formic acid (B). Spectral datasets were collected in the data dependent mode
using Topl5 strategy for the selection of precursor ions for the HCD fragmentation [7].
Obtained datasets were processed by MaxQuant (version 1.5.5.1) [8] with built-in Andromeda
search engine. The specific parameters for searching was carbamidomethylation (C) as
permanent modification and oxidation (M) as variable modifications. The search was
performed against human protein database (UniProt) [9].

In second part, trypsin digestion was inhibited by heat (5 min, 95°C). N-glycans were
released from tryptic peptides by 1 U of peptide N-glycosidase (PNG-ase F of Flavobacterium
meningosepticum, recombinant from E. coli; Roche, CH) by overnight incubation at 37°C.
After the release, N-glycans were isolated by non-porous graphitized carbon (nPGC) solid
phase extraction. Briefly, 100 mg of nPGC solid phase was washed by 1 ml of 85% acetonitrile
(v/v) and equilibrated by 1 ml of 5% acetonitrile (v/v). Sample was dissolved in 700 pl of 5%
acetonitrile (v/v) and centrifuged 5 mins at 14 100 x g to remove the pellet prior to the loading
onto the column. After sample loading and reapplication, the column was washed by another
1 ml of 5% acetonitrile (v/v) and the bound N-glycans were eluted by 1 ml 60% acetonitrile

with the addition of 0.1% trifluoroacetic acid (v/v). Isolated and dried N-glycans were
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subsequently permethylated by the excess of NaOH in DMSO and iodomethane. The reaction
was terminated by the addition of 500 ul of water and the permethylated N-glycans were
purified by multiple extractions (chloroform/water, 1:1), unless the pH of water phase was
neutral. Finally, permethylated N-glycans were dried and reconstituted in 50% methanol (v/v),
and 1 pl of sample was premixed onto the MALDI target plate with 1 pl of 2,5-
dihydroxybenzoic acid (20 mg/ml (w/v) of 30% acetonitrile with the addition of 0.1%
trifluoroacetic acid (v/v) and 10 mM NaOH (w/v)). Samples were analyzed by UltrafleXtreme
MALDI TOF/TOF mass spectrometer (Bruker Daltonics, MA, USA) in the reflectron positive
ion mode, m/z range 1,000-5,000. MS and MS/MS (LIFT) data were processed by GlycoWork
Bench [10] and ProteinScape (Bruker Daltonics, MA, USA) software with the GlycoQuest

search engine.

Results and discussion

Proteomic analysis of microvesicles isolated from pooled human plasma resulted in the
discovery of 185 unique proteins, from which 158 was confirmed by the Extracellular Vesicle
Database [11]. We compared 158 microvesicle proteins with list of candidate cancer
biomarkers [12] and we confirmed 27 proteins to be potential cancer biomarkers, from which

almost all can be glycosylated according to UniProt (Tab. 1.).
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Tab. 2. Table of 27 potential cancer biomarkers. In “Glycosylation: column, N is for N-glycosylated, O is for

O-glycosylated protein.

Protein Protein name Gene name Potential biomarker  Glycosylatio
ID of n
075496 Geminin GMNN colon cancer, rectal -
cancer and breast
cancer
P00450 Ceruloplasmin CP laryngeal cancer N
P00734 Prothrombin F2 cancer with deep N
venous thrombosis
P00738 Haptoglobin HP leukemia, lung cancer N
P0O0747 Plasminogen PLG lung cancer N, O
P01009 Alpha-1-antitrypsin SERPINAL1 malignant histiocytes N
P01023 Alpha-2-macroglobulin A2M prostate cancer N
P02647 Apolipoprotein A-1 APOA1 ovarian cancer N
P02652 Apolipoprotein A-lI APOA2 prostate cancer 0
P02654 Apolipoprotein C-I APOC1 gastric cancer -
P02656 Apolipoprotein C-111 APOC3 myeloid leukemia )
P02671 Fibrinogen alpha chain FGA cancer 0]
P02751 Fibronectin FN1 renal cell cancer N, O
P02763 Alpha-1-acid glycoprotein 1 ORM1 breast cancer N
P02765 Alpha-2-HS-glycoprotein AHSG leukemia N, O
P02766 Transthyretin TTR ovarian cancer N
P02768 Serum albumin ALB end stage of renal N, O
disease
P02787 Serotransferrin TF laryngeal cancer N, O
P04004 Vitronectin VTN colorectal carcinoma N, O
P04275 von Willebrand factor VWF colorectal cancer N, O
P07996 Thrombospondin-1 THBS1 hepatocellular N, O
carcinoma
P10909 Clusterin CLU leukemia N
P14618 Pyruvate kinase PKM PKM pancreatic tumor -
P27169 Serum PON1 gastric and pancreatic N
paraoxonase/arylesterase 1 cancer
P59666 Neutrophil defensin 3 DEFA3 colon cancer -
P61769 Beta-2-microglobulin B2M acute leukemia N
Q08380 Galectin-3-binding protein LGALS3B breast and N
P hepatocellular cancer

Due to the fact that glycosylation is one of the most common post-translational
modification of proteins, in the next steps we analyzed specific N-glycoprofile of
microvesicles.

Primary tryptic digestion of microvesicular proteins sterically enabled the efficient
cleavage of N-glycans. After the tryptic digestion, samples were heat-denatured to protect the
PNG-ase F from further proteolytic cleavage. Such approach confirmed the essential function

of these steps, when acquired N-glycoprofile data were compared to the negative control (such
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as the analysis of microvesicle protein N-glycoprofile without the trypsin treatment). Analysis
of microvesicle-specific N-glycoprofile, when compared to the whole plasma, determined
significant increase in the number of fucosylated structures, with fucose units attached both to
the core and antennae (Fig. 1.). Our initial findings represent a high potential to determine the
specific protein, bearing such N-glycan structures that can serve as a biomarker of various
diseases. Changes in the levels of protein fucosylation were observed in many pathological
statuses, such as cancer [13, 14] and inflammation [15]. On the other hand, many N-glycan
structures, observed in the microvesicle proteins, are generally common for human sera.
However, their relative intensities differ and therefore the combination of glycomic and

proteomic approaches is essential in the further comprehensive studies of microvesicle content.
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Fig. 1. List of N-glycans from plasma microvesicle fraction, characterized by MALDI TOF
With <150 ppm tolerance, 18 N-glycans with unique m/z were annotated to the acquired spectra. Most of the
structures were categorized as core-based complex type, with the antennae terminated by galactose or sialic
acid. Fucosylation (up to 5 fucoses) was also observed. Blue square — N-acetylglucosamine, green circle —
mannose, yellow circle — galactose, purple diamond — sialic acid, red triangle- fucose.

Conclusion

Proteomic and glycomic analysis of microvesicles can represent the innovative source
of glycoprotein-based biomarkers of cancer. Proteomic analysis of microvesicles identified 27
potential cancer biomarkers. Our preliminary data suggest the increase of fucosylated N-
glycans attached to microvesicular proteins, leading to the comprehensive focus of further steps

on the determination of microvesicle specific proteins and their posttranslational modifications.
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