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Abstract

Acute paediatric leukaemia is diagnosed and monitored via bone marrow aspi-
rate assessment of blasts as a measure of minimal residual disease. Liquid biop-
sies in the form of blood samples could greatly reduce the need for invasive bone
marrow aspirations, but there are currently no blood markers that match the
sensitivity of bone marrow diagnostics. Circulating extracellular vesicles (EVs)
represent candidate biomarkers that may reflect the blast burden in bone mar-
row, and several studies have reported on the utility of EVs as biomarkers for
adult haematological malignancies. Increased levels of EVs have been reported
for several haematological malignancies, and we similarly report here elevated
EV concentrations in plasma from paediatric BCP-ALL patients. Plasma EVs
are very heterogeneous in terms of their cellular origin, thus identifying a can-
cer selective EV-marker is challenging. Here, we undertook a reductionistic ap-
proach to identify protein markers selectively associated to plasma EVs derived
from BCP-ALL patients. The EV proteome of primary BCP-ALL cell-derived EVs
were compared against EVs from healthy donor B cells and the BCP-ALL cell line
REH, and further against EVs isolated from plasma of healthy paediatric donors
and paediatric BCP-ALL patients. With this approach, we identified a signature
of 6 proteins (CD317, CD38, IGF2BP1, PCNA, CSDE1, and GPR116) that were
specifically identified in BCP-ALL derived EVs only and not in healthy control
EVs, and that could be exploited as diagnostic biomarkers.

1 | INTRODUCTION progenitors. The leukaemic cells arise in the bone marrow
(BM) and infiltrate the liver, spleen and lymph nodes, and
can spread further to the central nervous system. BCP-ALL

is primarily a paediatric disease, and is the most common

B-cell precursor acute lymphoblastic leukaemia (BCP-
ALL) is an aggressive malignancy of immature B-lineage
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form of acute leukaemia in children. With current treat-
ment protocols, the 5-year overall survival is above 90%.!
Patients are treated according to risk-adapted chemother-
apy treatment protocols, with more intense treatment of
high-risk patients. Initial risk status scoring is a powerful
indicator of overall survival, and patients are categorized
as non-risk or high-risk at diagnosis based on initial white
blood cell counts and cytogenetics, with further stratifica-
tion after induction therapy on day 29. The gold standard
for measuring treatment response in paediatric leukaemia
is by BM aspiration aimed at detecting minimal residual
disease, by combining real-time quantitative PCR and cytol-
ogy. Ideally, a less invasive diagnostic blood test could spare
patients anaesthetic procedures necessary for bone marrow
aspiration. In this context, BCP-ALL-derived extracellular
vesicles (EVs) could represent a putative biomarker for mon-
itoring of the leukaemia.

EVs are released from all cells, and function as car-
riers of macromolecules between cells, and can thereby
modify the function of the receiving cell. EVs show
considerable heterogeneity of size and cargo that is
dependent on their origin. They may derive from the
plasma membrane in the form of microparticles, or
from the endosomal compartment in the form of exo-
somes.” Cancer cells may also release larger vesicles,
oncosomes, which are released as a result of bleb-
bing from the cancerous cells. Multiple studies have
demonstrated that EVs released from cancer cells carry
mRNA, microRNA and proteins that interact with and
functionally affect receiving cells.>* Tumour-derived
EVs can promote increased malignancy,” metabolically
re-program target cells, and support tumour growth
and metastasis by shaping of the tumour microen-
vironment.®® Specifically, BCP-ALL oncosomes are
suggested to promote blast infiltration into the central
nervous system.” Detection of tumour-derived EVs in
blood or other body fluids may serve as useful biomark-
ers to diagnose and monitor disease progression.m’11
For haematological cancers, increased concentrations
of plasma EVs have been detected in acute myeloid leu-
kaemia (AML) and ALL patients.'*'* EVs carry a signa-
ture reflected by their parental cells, and with respect
to B cells, B-cell-derived EVs are shown to carry B-cell
markers such as CD19 and CD20."

Although plasma serves as a practical source for di-
agnostic purposes, plasma EVs are highly heterogenous,
with EVs originating from several different cellular
sources including platelets, endothelial cells and leuko-
cytes. To precisely identify cancer-derived EVs it is neces-
sary to identify and employ a cancer cell specific marker.
This study aimed at identifying a BCP-ALL-specific pro-
tein signature in plasma EVs derived from BCP-ALL pa-
tients, to instruct future biomarker designs for use in risk

stratification, disease monitoring, and prediction of treat-
ment response.

2 | MATERIALS AND METHODS

2.1 | Patients and healthy controls

Peripheral venous blood (5mL) with heparin as anti-
coagulant was collected from paediatric BCP-ALL pa-
tients (n=14) (Table 1) admitted between January 2014
and November 2017 at Oslo University Hospital, Oslo,
Norway during routine diagnostic procedures. Peripheral
venous blood was also collected with heparin as antico-
agulant from healthy age-matched children (n=18) un-
dergoing elective procedures at Oslo University Hospital
in the period January 2014 - April 2018. Plasma was
stored at —80°C until use. All samples were obtained
after informed, written parental consent according to the
Declaration of Helsinki and the study was approved by
the South-Eastern Norway Regional Ethical Committee
(REK2013/1866). Patients were treated according to
the risk-adapted NOPHO (Nordic Society of Paediatric
Haematology and Oncology) - ALL 2008 protocol [14].
ALL patients are initially grouped as non-high risk or
high risk at diagnosis based on white blood cell count
in blood and BM blast immunophenotype (B or T cell),
and further grouped into standard, intermediate, or high
risk based on BM cytogenetics and minimal residual dis-
ease (MRD) after induction therapy on day 29 [15]. In
addition, blood samples were collected during induction
therapy on days 15 and 29, after consolidation at day 79,
and at the end of treatment. Buffy coats for separation
of PBMCs from healthy adult volunteers were obtained

TABLE 1 Characteristics of patients and paediatric controls.

Healthy
paediatric BCP-ALL
controls patients
Numbers, n 18 14
Age at diagnosis, median (range) 7.0 (1-16) 4.0 (1-16)
WBC (10°/L), median (range) 7.9 (0.9-167)
Cytogenetics
SR 3/14
IR* 2/14
ETV6/RUNX1 6/14
Trisomy 21 1/14
Others (incl. CN) 3/14

Abbreviations: CN, cytogenetics negative; IR, intermediate risk; SR, standard
risk; WBC, white blood cells.

“Intermediate risk cytogenetics: dic(9;20), £(1;19), Ic21lamp = AMLI.
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from the blood bank at Oslo University Hospital accord-
ing to the Declaration of Helsinki.

2.2 | Isolation of EVs from plasma

Plasma from BCP-ALL patients or paediatric healthy con-
trols was collected within 6h of sampling. The plasma
was collected by separating away the red blood cells and
white blood cells by gravity, followed by a spin at 2000g
for 15min, thereafter a spin at 10000g for 20 min, filtering
through 0.22 pm filters, and frozen at —80°C. Total plasma
EVswere isolated from 1 mL of plasma via either the Total
Exosome Isolation kit for plasma (ThermoFisher) or Exo-
Spin™ that combines precipitation and size-exclusion
chromatography (Cell Guidance Systems) according to
the manufacturer's instructions. EV pellets were resus-
pended in 50 pL PBS and stored at —80°C. For proteomic
analysis, plasma EVs were purified via a two-step proce-
dure by precipitation using the Total Exosome Isolation
kit for plasma (ThermoFisher), followed by washing in
PBS and ultracentrifugation at 180000g (average) for 2h
15min using the SW41Ti rotor.

2.3 | Isolation of small EVs from
BCP-ALL blasts and primary B cells

Primary B cells from paediatric BCP-ALL patients or
healthy adult donors were positively selected from fro-
zen PBMCs using MACS CD19 MicroBeads (Miltenyi
Biotech) per manufacturer's instruction. 1-3x10° puri-
fied B cells (more than 90% live) were cultured for 48h
in serum-free AIM-V medium in the presence of 100ng/
mL MegaCD40L (ThermoFisher Scientific), 10ng/mL
Flt3L, 10ng/mL IL-7, and 10ng/mL IL-3 at 1x10° cells/
mL. Supernatants were spun at 400g for 10 min, followed
by 2000g for 30 min to remove cells and cell debris. EVs
were isolated by precipitation using the Total Exosome
Isolation kit (ThermoFisher Scientific) according to the
manufacturer's instructions, followed by washing in
PBS and ultracentrifugation at 180000g (average) for 2h
15min using the SW41Ti rotor. The resulting EV pellets
were resuspended in 50 pL PBS and stored at —80°C.

2.4 | Isolation of EVs from REH cells

The BCP-ALL cell line REH was cultured in complete
RPMI (RPMI-1640 supplemented with 10% FBS, 1% peni-
cillin/streptomycin, 1% sodium pyruvate, and 50mM
2-mercaptoethanol), and split every 2days. To produce
EVs, REH cells were cultured at 2x10° cells/mL in

serum-free AIM-V medium for 48h, and supernatants
spun at 400¢ for 10min followed by 2000g for 30 min. EVs
from 4mL of REH supernatants were isolated using 5 dif-
ferent approaches in order to test optimal purification, (i)
concentration through Amicon Ultra-4 centrifugal filters of
100kDa cut-off (Merck) at 3000g for 20 min, (ii) concentra-
tion through Amicon Ultra-4 centrifugal filters of 100kDa
cut-off (Merck) at 3000g for 20 min followed by resuspend-
ing in 4mL particle-free PBS and ultracentrifugation at
180000g (average) for 2h 15min using the SW41Ti rotor,
(iii) precipitation using the Total Exosome Isolation kit
(ThermoFisher) according to the manufacturer's instruc-
tions, (iv) precipitation using the Total Exosome Isolation
kit (ThermoFisher) followed by resuspension in 4mL par-
ticle-free PBS and ultracentrifugation at 180000g (average)
for 2h 15min using the SW41Ti rotor, or (v) ultracentrifu-
gation alone at 180000g (average) for 2h 15min using the
SW41Ti rotor alone. The resulting EV pellets were resus-
pended in 50 pL particle-free PBS.

2.5 | Transmission electron microscopy.
EVs were imaged by negative stain electron microscopy.
A 400 mesh copper grid with carbon-coated formvar film
were placed on 20 uL EVs and incubated for 10 min. The
grid was washed twice in water, excess liquid removed,
and transferred to a drop of 2% uranyl acetate for 30s,
dried and subjected to microscopy with a Tecnai G* Spirit
TEM (FEI) equipped with a Morada digital camera and
RADIUS imagining software.

2.6 | Nanoparticle tracking analysis (NTA)
EVs were analysed using a LM10 nanoparticle tracking
analyser with a 532-nm laser (Malvern Panalytics). In brief,
10uL of EV isolates was diluted 1:1000 in sterile PBS and
pumped through a 10mL syringe that was attached to the
nanoparticle tracking analyser. Nanoparticles were re-
corded in a total of 3 videos of 30s for each sample and ana-
lysed under constant settings to obtain data on mean particle
size, size distribution, and particle concentration. As NTA is
most accurate between particle concentrations in the range
of 2x10° to 2x10°/mL, samples with higher counts were
further diluted and re-analysed and the relative concentra-
tion calculated according to the distribution factor.

2.7 | Western blotting

EVs were lysed with 10puL of lysis buffer (50mM Tris—
HCI, pH8.0, 150mM NacCl, 1% Triton X-100, protease
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inhibitor cocktail Complete™ [Roche]) on ice for 15min.
The protein content of the lysate was determined using
BCA Protein Assay Kit (ThermoFisher Scientific). Equal
concentrations of EV proteins were separated on 12%
Criterion SDS-PAGE gels (Bio-Rad) and transferred onto
PVDF membranes (Merck Millipore). The membranes
were blocked with 5% dry milk in TBS containing 0.5%
Tween-20 (TBS-T) for 1h at room temperature, and fur-
ther blotted with either anti-CD63 (1:500; ThermoFisher
Scientific), anti-CD81 (1:500; ThermoFisher Scientific),
anti-IGF2BP1 (1:1000; ThermoFisher Scientific) and anti-
PCNA (1:1000; ThermoFisher Scientific) as indicated in
TBS-T containing 1% dry milk. Blots were probed with
goat anti-rabbit IgG-HRP or goat anti-mouse IgG-HRP
(Bio-Rad), and developed by Pierce ECL Western Blotting
Substrate (ThermoFisher Scientific).

2.8 | Mass spectrometry analysis (LC-
MS/MS)

EVs in PBS were subjected to LC-MS/MS analysis. Briefly,
EVs were lysed by heating at 95°C for 20min in 0.1%
ProteaseMax Surphactant (Promega), followed by brief
vortexing. A volume corresponding to 4 ug of proteins were
reduced in 20mM DTT for 30 min at 56°C and alkylated by
addition of iodoacetamine to a final concentration 30 mM
and incubation in the dark for 20 min at room tempera-
ture. Proteins were digested with 0.5pg trypsin at 37°C
overnight, and peptides were captured, concentrated, and
desalted using C18 stage tips (Affinisep).

Samples were then analysed by a nanoElute UHPLC
coupled to a timsTOFfleX mass spectrometer (Bruker
Daltonics) via a CaptiveSpray ion source and a 25cm re-
versed-phase C18 column (1.6 pum bead size, 120A pore
size, 75pm inner diameter, Ion Optics). A flow rate of
0.3pL/min and a solvent gradient from 0% to 35% B in
60min was used to separate the peptides. Solvent B was
100% acetonitrile in 0.1% formic acid and solvent A 0.1%
formic acid in water. The mass spectrometer was op-
erated in data-dependent Parallel Accumulation-Serial
Fragmentation (PASEF) mode. Mass spectra for MS and
MS/MS scans were recorded between m/z 100 and 1700.
Ion mobility resolution was set to 0.60-1.60V-s/cm over
a ramp time of 100 ms. Data-dependent acquisition was
performed using 10 PASEF MS/MS scans per cycle with
a near 100% duty cycle. 10 PASEF MS/MS scans per cycle
with a near 100% duty cycle. A polygon filter was applied
in the m/z and ion mobility space to exclude low m/z,
singly charged ions from PASEF precursor selection. An
active exclusion time of 0.4 min was applied to precursors
that reached 20000 intensity units. Collisional energy was
ramped stepwise as a function of ion mobility.

MS raw files were submitted to MaxQuant software
version 2.0.1.0 for protein identification [35]. Parameters
were set as follow: carbamidomethylation as fixed modifi-
cation; protein N-acetylation and methionine oxidation as
variable modifications. First search error window of 20 ppm
and mains search error of 6 ppm. Trypsin without proline
restriction enzyme option was used with two allowed mis-
cleavages. Minimal unique peptides were set to 1, and FDR
allowed was 0.01 (1%) for peptide and protein identification.
Data analysis and visualization were done using FunRich
version 3.1.4, InteractiVenn'® and GraphPad Prism 9. The
mass spectrometry proteomics data have been deposited to
the ProteomeXchange Consortium via the PRIDE partner
repository with the dataset identifier PXD044465.

2.9 | Statistics

The data were analysed using Graph Pad Prism and
Perseus. Data depicted in graphs are presented as the
mean standard error of the mean (SEM). Comparisons
within an experimental group of data were performed
using non-parametrical Mann-Whitney U test. P values
less than .05 were considered statistically significant.

3 | RESULTS

3.1 | Increased EV abundance in plasma
at diagnosis

The concentration of EVs in plasma was retrospectively
tested in a cohort of 14 BCP-ALL patients (Table 1) at di-
agnosis, and compared against 18 healthy paediatric con-
trols. The EVs were enriched via precipitation using the
ThermoFisher Total Exosome Isolation kit or via Exo-Spin.
We found increased particle concentrations in patients as
assessed by NTA with both separation methods (Figure 1A).
The particle size appeared similar between controls and pa-
tients with a median of app. 150nm (Figure 1B). The pro-
tein concentration of the EV isolates was also higher in the
EV isolates from BCP-ALL patients compared with con-
trols, indicative of more EVs in the samples (Figure 1C).
EM images confirmed the presence of vesicles with cup-
shaped morphology (Figure 1D), but it was clear that the
EV isolates contain a large amount of similarly-sized lipo-
protein particles (white arrows) that confound a precise as-
sessment of the EV concentration. The NTA particle counts
made in Figure 1A,B thus also include lipoproteins and
other protein complexes. Western blotting analysis of simi-
lar input of protein, showed presence of small EV-markers
CD63, CD81 and Alix within the isolates, and absence of
Cytochrome C (Figure 1E). The signals were stronger for
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FIGURE 1
concentration in BCP-ALL patients at
diagnosis. Plasma EVs were isolated from
1mL of plasma from BCP-ALL patients
or healthy paediatric donors via either
Total Exosome precipitation reagent

or Exo-Spin™ columns. (A) Particle
concentration was measured by NTA
(precipitation: BCP-ALL (n=14), healthy
controls (n=12); Exo-spin: BCP-ALL
(n=14), healthy controls (n=16). (B)
Mean particle size was measured by

NTA (precipitation: BCP-ALL (n=14),
healthy controls (n=12); Exo-spin: BCP-
ALL (n=14), healthy controls (n=16).
(C) Protein concentration of EV isolates
was measured by BCA (precipitation:
BCP-ALL (n=14), healthy controls
(n=18); Exo-spin: BCP-ALL (n=12),
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samples derived from the patients, indicating that there
indeed are more EVs in circulation at diagnosis. We next
evaluated the utility of monitoring EV concentration as a
diagnostic marker per se for BCP-ALL. However, we show
that there is little correlation between WBC counts and par-
ticle concentration at diagnosis (Figure 1F,G). There was
also no correlation between particle concentration and risk
status or cytogenetics (data not shown). Measuring parti-
cle concentration at different timepoints throughout the
induction period showed varying results and no correla-
tion to treatment outcome or risk status (data not shown).
We therefore conclude that a marker specific for BCP-ALL
EVs must be identified to unleash the potential for EVs as a
prognostic tool in this disease.

3.2 | Characterization of EVs from
plasma and BCP-ALL blasts

In order to identify a BCP-ALL specific EV protein signa-
ture to help identify BCP-ALL-derived EVs in plasma, we
undertook a reductionistic approach by comparing the
proteome of plasma EVs with EVs derived from purified B
cells from either healthy donors or patients.

As starting material was limited for the paediatric pa-
tients, we first optimized protocols for purification of EVs
from low amounts of cells (<3 million) in order to maxi-
mize the number of identifications in LC-MS/MS-analysis.
Forty-eight-hour serum-free culture supernatants from the
REH BCP-ALL cell line were either (i) ultracentrifuged,
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(ii) concentrated through a 100kD filter, (iii) concentrated
through 100KkD filters followed by ultracentrifugation, (iv)
precipitated, or (v) precipitated followed by ultracentrifuga-
tion. While protocols omitting ultracentrifugation resulted
in higher protein yields, it was clear that ultracentrifugation
was necessary to reduce albumin contamination, which
highly impacted on the number of identifications (Table S1
and Figure S1). With precipitation alone, more than 80%
of the signal originated from albumin, in contrast to under
30% with protocols involving ultracentrifugation.

Subsequently, EVs were harvested from serum-free
cytokine-supplemented 48h-cultures of B cells purified
from 3 healthy adult donors or from 2 standard risk BCP-
ALL patients. We also isolated EVs from plasma of three
healthy, paediatric controls and three BCP-ALL patients.
For all samples, EVs were isolated via a two-step proce-
dure of precipitation followed by ultracentrifugation.
Samples were subjected to quantitative LC-MS/MS with
equal protein concentration as input. Despite low input
due to limited material and extensive purification proto-
cols, we were able to detect a total 1882 proteins across
the samples (an average 600 proteins in control plasma
EVs, 717 proteins in BCP-ALL plasma EVs, 1188 proteins
in healthy donor B-cell EVs and 1479 proteins in patient
B-cell EVs, Table S2). A broad range of EV-markers were
identified in the four sample sets, albeit sparser in EVs
isolated from plasma (Figure 2A). The EV-marker set was
based on a recent paper by Kugeratski et al.'®

PCA analysis indicated that plasma EVs from BCP-ALL
patients cluster together with plasma EVs from healthy
controls, and are distinct from EVs directly derived from
BCP-ALL or healthy B cells (Figure 2B). Gene set enrich-
ment analysis indicated enrichment of proteins involved in
metabolism within the EVs derived from the B cells of BCP-
ALL patients (Figure 2C). We further show comparable ex-
pression of a panel of B-cell markers and HLA molecules by
B-cell-derived EVs from both healthy donors and BCP-ALL
patients (Figure 2D). Identified proteins were again sparser
within plasma EVs, and apart from HLA molecules, B-cell
markers were either not detected or present at very low lev-
els in both healthy controls and patients. This underscores
the difficulty of identifying B-cell-specific markers in plasma
EVs in limited amount of starting material.

3.3 | Identification of a BCP-ALL specific
EV signature

A direct comparison of the proteomic profile of all EV
samples, including REH EVs, revealed a common core
proteome of 403 proteins that include proteins commonly
detected in EVs (Figure 3A and Table S2). By performing
a 5-way Venn diagram analysis, we could identify four

markers; CD38, Bone Marrow Stromal Cell Antigen 2
(BST2/CD317), Insulin-like growth factor 2 mRNA-bind-
ing protein 1 (IGF2BP1), and Proliferating Cell Nuclear
Antigen (PCNA) to be uniquely present in REH cell EVs,
BCP-ALL cell-derived EVs and BCP-ALL plasma EVs, but
not in B-cell-derived EVs or plasma EVs from healthy con-
trols (Figure 3A). Further, Cold Shock Domain-containing
Protein E1 (CSDE1) and G-protein Coupled Receptor
(GPR116) were only detected in EVs derived from BCP-
ALL patients. To verify these findings, we tested the ex-
pression of IGF2BP1 and PCNA by Western blotting in
6 healthy controls and 8 patients, and show that these
markers were expressed at higher levels in EVs from the
patients (Figure 3B,C).

4 | DISCUSSION

In this study, we have utilized proteomics analysis as an
approach to identify a core protein signature of EVs de-
rived from BCP-ALL cells that is detectable in the plasma.

Release of large extracellular CD19" oncosomes from
BCP-ALL blasts was previously demonstrated in bone
marrow aspirates,'’ but small EVs has to our knowledge
not previously been investigated for BCP-ALL. As has
been reported for myeloid acute leukaemia, we show in-
creased levels of EVs at diagnosis in BCP-ALL patients
compared with controls. This was measured both as pro-
tein concentration of EV isolates and particle counts by
NTA. We found that the results were comparable between
the two EV isolation protocols utilized, but that there as
expected was overall lower protein yields with the Exo-
Spin protocol. The EV isolates had a median size around
150nm in both patients and controls, confirming the iso-
lation of small EVs, although we expect that lipoprotein
particles and protein complexes contribute to the overall
measurements by NTA.

Previous studies in AML have reported a correlation
of blast load with EV abundance,'® but we did not find
any correlation between plasma particle concentration
and white blood cell counts. This could reflect that other
cells besides the blasts may also be contributing to the
rise in EVs. Plasma EVs is a very heterogeneous popula-
tion, representing EVs derived from platelets, endothelial
cells, leukocytes and other cells releasing EVs into the
circulation. In a study on paediatric ALL, the high level
in plasma EVs at diagnosis, as measured by flow cytom-
etry, was found to be mainly of platelet origin, and these
had procoagulant properties.'® In our study, we utilized
heparin as an anticoagulant, which can lead to platelet
activation and release of platelet-derived microparticles.*
We identified the platelet markers CD41 and CD61 in
both plasma EVs and in the EVs directly isolated from B
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FIGURE 2 Comparative characterization of EVs derived from plasma and from B cells. EVs were isolated via precipitation followed
by ultracentrifugation from purified B cells cultured for 48 h in serum-free medium from either healthy adult controls or from BCP-ALL
patients, and from plasma from healthy paediatric controls or BCP-ALL patients. EVs were subjected to comparative LC-MS/MS analysis.
(A) Heatmap analysis of EV-marker identifications in the four sample groups. Columns represent individual samples. (B) PCA analysis of
the protein profiles obtained from the different samples. (C) Gene set enrichment analysis of the proteome identified in EVs derived from
BCP-ALL blasts versus EVs derived from healthy control B cells. Hallmark_glycolysis, P=.0307. KEGG_pyruvate_metabolism, P=.0133.
(D) Heatmap analysis of B-cell marker identifications in the four sample groups. Columns represent individual samples.

cells, but not to a higher extent than other immune mark-
ers, such as CD45, and the markers were equally distrib-
uted between patients and healthy donors. We therefore
do not find it likely that the increased concentration of
particles observed in patients stem from platelets. There

was also no apparent enrichment of proteins associated
with endothelial cells (selectins) or leukocytes (CD mark-
ers) between patients and controls. Pathway analysis, in
contrast, highlighted a general enrichment of proteins
related to glycolysis and pyruvate metabolism in plasma
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FIGURE 3 Identification of a core marker set in EVs from
BCP-ALL. (A) 5-way Venn diagram analysis of overlapping protein
signatures in EVs derived from healthy adult B cells, BCP-ALL
blasts, REH cells and from plasma EVs of either healthy controls
or BCP-ALL patients. (B) Western blot analysis of IGF2BP1 and
PCNA in plasma EVs isolated from four patients and four healthy
paediatric controls. (C) ImagelJ analysis of signal intensity of

bands in the Western blot analysis of eight patients and six healthy
paediatric controls. Statistical significance was calculated using the
non-parametrical Mann-Whitney test.

EVs from the patients. Potentially, if the EVs stem from
internal sources in the cells, the enrichment of classifying
surface markers may not be as distinct.
Immunophenotypic diagnostic panels for BCP-ALL
includes among others CD19, CD10, and CD20 B-cell
lineage markers as well as CD34, CD38, and IgM to dis-
tinguish specific sub-types of the disease.”’ While we
detected B-cell markers such as CD20 in EVs derived
directly from BCP-ALL blasts, we did not detect specific
B-cell markers in EVs isolated from plasma. However,
abundant expression of HLA class I and II was observed
in EVs derived from both plasma and directly from
B cells. CD38 was among the six markers identified

specifically in EVs from BCP-ALL patients. CD38 is
highly expressed by plasma cells, as well as by B-cell
precursors.”> BCP-ALL blasts reportedly express CD38
in a heterogenous manner, and used to distinguish sub-
groups of patients, with higher expression in patients
with the favourable ETV6-RUNXI gene fusion and low
expression in less favourable cytogenetics or in relaps-
ing patients.”® For the three patients tested in the pro-
teomics analysis, two were ETV6-RUNXI and one was
of hyperdiploid karyotype. Unfortunately, we were not
able to experimentally test CD38 in EVs in a separate
group of patients due to limitations of samples.

We confirmed an enrichment of PCNA butnot IGF2BP1
in EVs from patients (mixed cytogenetic background) via
Western blotting. Both PCNA and IGF2BP1 are reported
to be overexpressed in BCP-ALL blasts.***® PCNA is a
nuclear protein upregulated in proliferating cells, such
as leukaemic blasts.** IGF2BP1 is suggested to enhance
tumour cell proliferation by sustaining elevated MYC ex-
pression,?®?” and its presence in melanoma-derived EVs
implicated in controlling their cargo and pro-metastatic
abilities.®®* GPR116 and CSDE1 were uniquely identified
in BCP-ALL EVs, but has to our knowledge not previously
been directly implicated in the pathology of BCP-ALL.
GPR116 is an adhesion type of G-protein-coupled recep-
tors that is highly expressed by cancer stem cells,” and
playing a role for invasion and metastasis of breast can-
cer cells.’® CSDEL1 is an RNA-binding protein regulating
c-Fos, c-Myc, and Pten, and shown to promote an invasive
phenotype of melanoma and colorectal cancer.*

A limitation to our study was the low amount of patient
samples tested by proteomics, due to difficulties in obtain-
ing viable B-cell cultures from BCP-ALL patients. Also, the
sensitivity of the proteomic analysis was limited by the low
concentration of EVs that served as input, due to quite exten-
sive EV purification protocols. Despite these limitations, we
have been able to perform a valuable proteomics comparison
of EVs isolated from plasma with EVs derived directly from
the blasts. The core protein marker set consisting of CD38,
IGF2BP1, BST2, PCNA, CSDEL1, or GPR116 are all logical
markers that have either already been identified in BCP-ALL
blasts or in EVs derived from other cancer forms. It would be
interesting to test these markers in a larger cohort of patient
EV samples to assess whether any of the markers are associ-
ated to risk status or different cytogenetics status.

In conclusion, we have in this study undertaken a pro-
teomics approach to identify a core protein signature of
BCP-ALL-derived EVs, which may be utilized to design
future EV biomarker panels for acute leukaemia.
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