$ sciendo

Bio-Algorithms and Med-Systems 2022; 18(1): 151-157

Research article

Carina Rzaca*, Urszula Jankowska and Ewa tucja Stepien

Proteomic profiling of exosomes derived from
pancreatic beta-cells cultured under hyperglycemia

https://doi.org/10.2478/bioal-2022-0085
Received December 5, 2021; accepted December
11, 2022; published online December 19, 2022.

Abstract:

Introduction

Cargo carried by extracellular vesicles (EVs) is considered
a promising diagnostic marker, especially proteins. EVs
can be divided according to their size and way of
biogenesis into exosomes (diameter < 200 nm) and
ectosomes (diameter > 200 nm). Exosomes are considered
to be of endocytic origin, and ectosomes are produced by
budding and shedding from the plasma membrane [1].
Methods

The first step of this study was a characterization of the
exosome sample. Using Tunable Resistive Pulse Sensing
(gNano) size distribution and concentration were
measured. The mean size of exosomes was 120+9.17 nm.
In the present study, a nano liquid chromatography
coupled with tandem mass spectrometry (nanoLC-
MS/MS) was used to compare protein profiles of
exosomes secreted by pancreatic beta cells (1.1B4) grown
under normal glucose (NG, 5 mM D-glucose) and high
glucose (HG, 25 mM D-glucose) conditions. The EV
samples were lysed, and proteins were denatured,
digested, and analyzed using a Q-Exactive mass
spectrometer coupled with the UltiMate 3000 RSLC nano
system. The nanoLC-MS/MS data were searched against
the SwissProt Homo sapiens database using MaxQuant
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software and protein quantitation was done by the
MaxLFQ algorithm. Statistical analysis was carried out
with Perseus software. Further bioinformatic analysis
was performed using the FunRich 3.1.4 software with the
UniProt protein database and String [2].

Results

As a result of the nanoLC-MS/MS analysis more than
1,000 proteins were identified and quantified in each
sample. The average number of identified proteins in
exosomes was 1,397. Label-free quantitative analysis
showed that exosome composition differed significantly
between those isolated under NG and HG conditions.
Many pathways were down-regulated in HG, particularly
the ubiquitin-proteasome pathway. In addition, a
significant up-regulation of the Ras-proteins pathway
was observed in HG.

Conclusion

Our description of exosomes protein content and its
related functions provides the first insight into the EV
interactome and its role in glucose intolerance
development and diabetic complications. The results also
indicate the applicability of EV proteins for further
investigation regarding their potential as circulating in

vivo biomarkers.

Introduction

In response to high blood sugar level, pancreatic f cells
secrete insulin in a regulated manner to maintain glucose
homeostasis. Peripheral insulin sensitivity is attenuated
by increased adiposity that elevates free fatty acid levels
in the circulation. Acute exposure of B-cells to elevated
glucose levels causes reversible insensitivity to glucose
whereas chronic exposure may either cause irreversible
loss of B-cell function and apoptosis (glucotoxicity) [3, 4].

Extracellular vesicles (EVs) are actively secreted
by most living cells and play a key role in paracrine and
endocrine intercellular communication via the exchange
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of biological molecules. The canonical classification of
EV distinguishes three subpopulations: exosomes
derived from endosomes (ranging in diameter from 50—
150 nm), cell ectosomes (150—-1,000 nm in diameter), and
apoptotic bodies (1,000-5,000 nm in diameter). Secreted
EVs reflect the physiology and pathology of the cell of
their origin, and they have an important function in
cellular homeostasis, disease pathogenesis, and
diagnostics. Moreover, EVs are gaining attention in
clinics as therapeutics and drug delivery vehicles,
transferring bioactive molecules such as miRNAs [5-8],
proteins [9, 10], genes [11], and other therapeutic agents
to target cells for therapeutic purposes [12]. Recent in vivo
and in vitro studies have shown that the molecular
of EVs is

hyperglycemia (HG) [13, 14], and these changes can be

composition changing because of
considered as diagnostic and prognostic biomarkers.

In our study, nano liquid chromatography
coupled with tandem mass spectrometry (nanoLC-
MS/MS) was used to profile and compare the protein
composition of exosomes secreted by pancreatic beta
cells (1.1B4) grown under normal (5 mM D-glucose) and
high glucose (25 mM D-glucose) conditions.

Methods

Cell culture

The human pancreatic B-cell line (1.1B4) was maintained
in RPMI1640 medium supplemented with 10% fetal
bovine serum (FBS), 200 mM L-glutamine, penicillin (100
unit/mL) and streptomycin (100 pg/mL). Cells were
grown in a monolayer at 37 °C and a humidified
atmosphere of 5% CO2 until reaching about 80% of
confluence. Half of the dishes were cultured under
normal glucose (NG) conditions (5 mM D-glucose), while
the second half was grown under long-term (3 passages)
HG conditions (25 mM D-glucose).

Exomes isolation

Sub-confluent cells were maintained for 24 h in RPMI1640
medium without FBS. Conditioned media were collected
and centrifugated at 400 x g (10 min), and 3,100 x g (25
min), the remaining cells and cellular debris were
pelleted and discarded, whereas supernatant was
collected for filtration. The 1,000 kDa molecular weight
cut-off dialysis cellulose membranes (Spectra/Por
Biotech) at low pressure (-0.3 Bar) were used to
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concentrate sample to 1 ml volume. In the next step, the
concentrated sample was centrifuged at 7,000 x g (20
min) to remove apoptotic bodies. The supernatant was
collected and ultracentrifuged at 150,000 x g (1.5h), the
next pellet was suspended in 50 pL of PBS.

gqNano

The size distribution and EVs concentration were
determined by the Tunable Resistive Pulse Sensing
(TRPS) technique (gNano; Izon, Christchurch, New
Zealand). The calibration was performed using CPC200
polystyrene beads suspended in PBS. The particle
number was counted using NP150 nanopore membranes
stretched to 47 mm. The data were analyzed using the
Izon Control Suite software (version 3.4).

nanoLC-MS/MS analysis

For proteome analysis, the exosome pellets in four
replicates per group were suspended in 50 pL of lysis
buffer (1% SDS, 100 mM Tris-HCl pH 7.6). Next, the
samples were denatured at 95 °C for 5 min and sonicated
with Bioruptor Pico (Diagenode, Seraing, Belgium) (5
cycles of 30s/30s on/off). Then, lysates were centrifuged
at 20,000 x g for 10 min at 20 °C, and supernatants were
collected. Proteins were precipitated by adding
trichloroacetic acid (TCA) to the sample in a ratio of 1 to 4
and incubated overnight at —20 °C. The samples were
centrifugated at 10,000x g for 15 min at 10 °C. Pellets were
washed with ice-cold acetone and resuspended in 100 pL
of 10 mM HEPES (pH 8.5). Next, the samples were
prepared using paramagnetic bead technology based on
the Single-Pot Solid-Phase-Enhanced
Preparation (SP3) [15]. A 1:1 ratio of GE65152105050250

Sample

and GE45152105050250 SpeedBeads™ was used. The
proteins were reduced with dithiothreitol, alkylated with
iodoacetamide, and digested with Trypsin/Lys-C Mix.
Peptides were analyzed using an UltiMate 3000
RSLCnano System coupled with a Q-Exactive mass
spectrometer (Thermo Fisher Scientific) with DPV-550
Digital PicoView nanospray source (New Objective). The
sample was loaded onto a trap column (Acclaim PepMap
100 C18, 75 um x 20 mm, 3 um particle, 100 A pore size) in
0.05% trifluoroacetic acid (TFA) and 2% acetonitrile at a
flow rate of 5 pL/min, and further resolved on an
analytical column (Acclaim PepMap RSLC C18, 75 um x
500 mm, 2 pm particle, 100 A pore size) with a 240 min
gradient from 2% to 40% acetonitrile in 0.05% formic
acid at a flow rate of 250 nL/min. The Q-Exactive was
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operated in a data-dependent mode using the top twelve
method. The MS and MS/MS spectra were acquired at
resolutions of 70,000 and 17,500, respectively. Peptides
were dynamically excluded from fragmentation within
30s.

Bioinformatics analysis

Raw MS data files were processed using Max Quant
software (version 1.6.7.0) [16]. Peak lists were searched
against the forward and reverse Swissprot database
(Homo sapiens, 20,394 sequences downloaded on
February 8, 2021) using the integrated Andromeda search
engine [17]. The false discovery rate (FDR) for the peptide
and protein identification was set to 1%. All proteins that
cannot be distinguished based on the identified peptides
were merged into one protein group. Relative
quantification and normalization were performed with
the MaxLFQ label-free algorithm. The MaxQuant output
table was further processed with the use of the Perseus
platform (version 1.6.15.0) [18]. The proteins identified in
the decoy database, contaminants, and proteins only
identified by site were filtered out. All bioinformatic
analyses were executed on LFQ intensities transformed to
a logarithmic scale with base two. The student’s t-test
with the permutation-based FDR set to 5% was used to
reveal changes in protein abundances under NG and HG
conditions. The statistical analysis was performed for the
proteins with a minimum of 3 valid LFQ intensity values
in both groups. Proteins were considered as a differential
when they were identified based on at least 2 peptides
and their fold change was of at least 1.5.

Additionally, the overlap between identified
proteins in exosomes and Vesiclepedia
(http://www.microvesicles.org) was examined with the
use of FunRich version 3.1.4 software with the UniProt
database as a reference. Interactomes were prepared
(https://string-db.org).
Obtained data are provided in the Supplementary file

[19].

using String version 11.0

Results and discussion

The purity of the exosome was evaluated with the use of
the TRPS technique (qNano). The analysis of the samples
by gNano (Fig. 1) confirmed that with a diameter in the
range of 100-300 nm in NG and HG conditions, mean
120+9.17 nm, the isolated EVs were predominantly in
range typical for exosomes.
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We compared exosome proteins identified in our study to
those known vesicular proteins in the Vesiclepedia
databases (Fig.2). Among 13,173 proteins available in
public repositories (Vesiclepedia), 44.76% of them were
common with the identified proteome, including the
exosomal markers: tetraspanin family members CDo,
CD81, and other exosome marKkers, flotillin 1 (FLOT1),
flotillin 2 (FLOT?2) [20].
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Figure 1: Size distribution and concentration of EVs isolated
from pancreatic B-cells obtained by gNano system.
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Figure 2: Venn diagram illustrating protein overlap between
exosome samples with Vesiclepedia database.

Proteins are usually strongly associated with
other proteins in metabolic pathways. Diagrams of
functional protein association networks were prepared
with the use of String. In our study, 105 proteins were up-
regulated and 67 down-regulated in hyperglycemic
exosomes. For up-regulated proteins, the most strongly
represented pathways involved the Ras protein signal
transduction, integrin-mediated signaling pathway,
establishment of protein localization to the endoplasmic
reticulum, and cell adhesion mediated by integrins

(Fig.3A).
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A

GO-term Destription Count in ngth False y rate
60:0007229 @ Integrin-mediated signaling pathway 8of94 120 1.02e-05
G0:0007265 . Ras protein signal transduction 13 of 230 1.02 1.28e-07
G0:0072599 @ of protein i to reticulum gof114 112 3.36e-05
G0:0033627 . Cell adhesion mediated by integrin 60f24 1.67 2.00e-06

@m.
GO-term Destription Count innetwork Strength False discovery rate
GO @ | ubiqui dependent protein catabolic process 160f 22 233 1.31e-26
GO:0006521 Regulation of cellular amino acid metabolic process 18of 64 191 8.52e-25
GO:0060071 ‘Whnt signaling pathway, planar cell polarity pathway 18 of 96 174 7.33e-23
60:0006508 () Proteolysis 29 of 1256 0.83 3.81e-15

Figure 3: Diagram of functional protein association networks prepared with the use of String database. Only strongly
represented pathways are presented on the interactome. A) proteins that were up-regulated B) down-regulated in
hyperglycemic exosomes.
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In this study, we identified Rab6, Rab7, Rab1o,
Rab1o, Rab11, Rab14 and Rabi16 in exosomes. The small
Rab GTPases consists of a family of proteins composed of
approximately 7o different proteins, all belonging to the
super-family of Ras GTPases [21, 22]. They canonically
function as a molecular switch by cycling between GTP-
and GDP-bound states. The GTP-bound form is the active
form with can interact with effectors. In terms of exosome
secretion, Rab GTPases plays a crucial role in
intracellular vesicle transport including endosome
recycling and MVB trafficking to lysosomes. Rab GTPase
modulation of exosome secretion depends on cell type
and exosomal cargo [23]. In their paper Savina A. et al.
showed that Rab11 promotes the docking of MVBs to
stimulate homotypic fusion, but the final fusion requires
the presence of calcium ions (Caz*) [24]. Additionally, a
rise in the intracellular Ca>* concentration enhanced
exosome secretion in Rab11 overexpressing K562 cells.
These results suggest that both Rabi1 and Ca** are
involved in the homotypic fusion of MVBs [24]. Dickson
L. found Rabé6 is required for rapid, cisternal-specific,
intra-Golgi cargo transport in HeLa cells [25].

In up-regulated proteins we also recognized
other Small G proteins like RhoA and RhoG in this system.
Rho proteins promote the reorganization of the actin
cytoskeleton and regulate cell shape, attachment, and
motility [26].

In their paper, Tasaka S. et al. showed that
activation of the RhoA pathway can disrupt lung barrier
function in ALI mice through increased permeability,
stress fiber formation, actomyosin contraction, and
paracellular gap formation in LPS-stimulated endothelial
cells [27].

Analogously, down-regulated proteins in
exosomes from HG were analyzed (Fig.3B), revealing
enrichment in proteins related to the regulation of the
cellular amino acid metabolic process, proteasomal
ubiquitin-independent protein catabolic process, Wnt-
signaling pathway, and proteolysis.

In the present study, we first found that the
subunits of the proteasome are significantly depleted in
exosomes derived from beta cells from HG. The
proteasome is a cellular protease responsible for the
selective degradation of most of the intracellular
proteome. It recognizes, unfolds, and cleaves proteins
that are destined for removal, usually by prior attachment
to polymers of ubiquitin [28]. Proteasomes are composed
of two related types of subunits, proteasome subunit
alpha (PSMA) and proteasome subunit beta (PSMB). Alfa
subunits, which form the outer two heptameric rings and
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are distinguished by highly conserved N-terminal
extensions, and Beta subunits, which form the inner pair
of heptameric rings and include the proteolytic active
sites [29, 30].

In this study we identified different types of
proteasome subunits alpha: PSMA1, PSMA2, PSMA3,
PSMA4, PSMAs5, PSMA7 and PSMB4, PSMB7, PSMBS,
PSMBo9, PSMB10 [31]. These subunits (PSMA1, PSMA3,
PSMA4, PSMAs5, PSMA6, PSMB1, PSMB6, and PSMA?7)
belong to the 26S proteasome complex, which is a
component of the ubiquitin proteasome system (UPS),
the principal proteolytic system responsible for the
functional modification and the degradation of cellular
proteins [32, 33].

PSMA and PSMB proteins are also part of the
Wnt pathway, which regulates cell proliferation, planer
cell polarity, and survival by modulating the expression
of genes that control cell differentiation [34]. Kim H.
showed that exosomes derived from tumor-associated
macrophages enhance tumor invasion by delivering
wntsa in macrophages to breast cancer cells. Delivered
wntsa enhances tumor invasion by leading to the
activation of B-catenin-independent Wnt signaling [34].

Conclusion

Our description of exosome protein content and related
functions provides the first insight into the EVs
interactome and its role in hyperglycemia development
and diabetic complications. However, there is limited
evidence in the literature to verify this statement for the
exosomal protein content. Here, proteomic evaluation
combined with pathway enrichment analysis is used to
demonstrate that exosome protein loading reflects
hyperglycemia-induced cellular changes. The results also
indicate the applicability of EV proteins for further
investigation regarding their potential as circulating 7in
vivo biomarkers in liquid biopsy.
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