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BACKGROUND: Small extracellular vesicles (sEVs) including exosomes, carrying the CD20, could be involved in immunotherapy
resistance in diffuse large B cell lymphoma (DLBCL). We have reported endogenous brain-derived neurotrophic factor/TrkB
(tropomyosin-related kinase B) survival axis in DLBCL. Here, we performed a comparative study of sEV production by germinal
centre B cell (GCB) and activated B cell (ABC)-DLBCL cell lines, and analysed TrkB activation on this process.
METHODS: GCB (SUDHL4 and SUDHL6) and ABC (OCI-LY3, OCI-LY10 and U2932) cell lines were used. sEVs were characterised using
nanoparticle tracking analysis technology and western blot. CD20 content was also analysed by enzyme-linked immunoassay, and
complement-dependent cytotoxicity of rituximab was investigated. 7,8-Dihydroxyflavone (7,8-DHF) was used as a TrkB agonist. In
vivo role of sEVs was evaluated in a xenograft model.
RESULTS: sEVs production varied significantly between DLBCL cells, independently of subtype. CD20 level was consistent with that
of parental cells. Higher CD20 expression was found in sEVs after TrkB activation, with a trend in increasing their concentration. sEVs
determined in vitro and in vivo protection from rituximab, which seemed CD20 level-dependent; the protection was enhanced
when sEVs were produced by 7,8-DHF-treated cells.
CONCLUSIONS: DLBCL-derived sEVs have the differential capacity to interfere with immunotherapy, which could be enhanced by
growth factors like neurotrophins. Evaluating the sEV CD20 level could be useful for disease monitoring.

British Journal of Cancer (2021) 125:1687–1698; https://doi.org/10.1038/s41416-021-01611-7

BACKGROUND
Diffuse large B cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin lymphoma (NHL), accounting for 30–40%
of all newly diagnosed cases worldwide. DLBCL is a highly
aggressive and heterogeneous lymphoma that would imminently
be fatal without treatment. Two major prognostically significant
subtypes have been identified, which differ from the cell origin,
germinal centre B cell (GCB) and activated B cell (ABC) type of
better and worse prognostic, respectively [1–3]. A monoclonal
anti-CD20 antibody, rituximab (Rtx), combined with CHOP
chemotherapy (R-CHOP immunochemotherapy) has been widely
used with favourable results and is still the standard treatment for
several kinds of B-NHL, including DLBCL. However, 30–40% of
patients are not cured and will relapse or be refractory to R-CHOP.
Thus, primary or acquired resistance to Rtx has become a
considerable problem [4–6]. Several mechanisms of resistance
have been predicted, but their clinical significance remains
unclear. However, decreased CD20 expression has been

postulated to be one of the most important etiologies contribut-
ing to Rtx resistance. Indeed, CD20 level determined by flow
cytometry at onset is an independent predictor for the prognosis
of patients with DLBCL [7]. Moreover, a CD20-negative (CD20−)
phenotypic transformation was observed in patients after Rtx
treatment, and in B-lymphoma cells Rtx was shown to down-
regulate CD20 gene (MS4A1) expression partially by using
epigenetic mechanisms [8–10]. Thus, targeting the modulation
of CD20 membrane expression, which represents a key factor in
determining anti-CD20 effectiveness, is still an important chal-
lenge for novel therapy in combination with immunotherapy in B
cell neoplasms.
Exosomes are small extracellular vesicles (sEVs) of endosomal

origin ranging from 50 to 150 nm and secreted by several cell
types during exocytic fusion of multivesicular bodies (MVB) with
the plasma membrane [11, 12]. In physiologic conditions,
exosomes are released by erythroid progenitors during their
maturation process, as well as by B-lymphocytes and dendritic
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cells. Exosomes were shown to play multiple immunomodulatory
functions, which leads to multiple studies and clinical trials as
tumour “vaccines”. Importantly, many cancer cells have been
shown to secrete exosomes in greater amounts than normal cells
[13, 14], and as exosome composition seems to be cell- and tissue-
specific, they are highly suitable to serve as diagnostic markers.
Current knowledge of tumour-derived exosomes suggests that
they can also play an important role in the development and
progression of cancer [15]. They can modulate intercellular
communication within the tumour microenvironment by the
transfer of multiple signalling molecules like protein, lipid and RNA
cargo [16–18]. In DLBCL, increasing evidence supports a role for
sEVs in progression and response or resistance to therapy. sEV-
containing CD20 could shield target cells from anti-CD20 antibody
attack, revealing a possible role of resistance to immunotherapy in
DLBCL patients [19]. Similarly, DLBCL-derived exosomes attenu-
ated chemotherapeutic efficacy by encapsulating doxorubicin and
removing it from the cells [20]. Interestingly, recent data showed
that RNA contents of peripheral sEVs from DLBCL patients could
enable disease monitoring through liquid biopsy [21] and can be
used as predictors of prognosis and chemotherapeutic efficacy
[22]. However, biological stimuli regulating quantitatively and/or
qualitatively exosome secretion remain poorly defined, notably in
a comparative study on GCB and ABC subtypes and after Rtx
exposure.
Neurotrophins (NTs) along with the brain-derived neurotrophic

factor (BDNF) are structurally and functionally related growth
factors widely expressed in a variety of tissues including the
immune system [23]. Moreover, NTs and their Trk (tropomyosin-
related kinase) receptors are involved by autocrine and/or
paracrine signalling pathways in cancer cell growth and dis-
semination [24]. The binding of BDNF to its high-affinity receptor
TrkB triggers cell survival by activating several signalling pathways
(PI3K/Akt, MAPK, and PLC-γ). We have previously demonstrated
that BDNF can realise autocrine/paracrine loops involved in the
survival of human DLBCL cell lines. Furthermore, inhibition of Trk
signalling induced cell apoptosis and potentiated the cytotoxic
effect of Rtx in vitro and in vivo [25, 26]. We hypothesised that
BDNF/TrkB signalling could interfere with Rtx sensitivity and thus
may contribute to therapeutic resistance.
The objective of this work was to realise a comparative study of

sEVs derived from GCB and ABC-DLBCL cell lines, by analysing
CD20 content in relation to its ability to protect cells from Rtx-
induced cytotoxicity. Furthermore, we explored the effect of 7,8-
dihydroxyflavone (7,8-DHF), a TrkB agonist [27], on sEV secretion
and CD20 expression in comparison to Rtx exposure. The in vitro
(DLBCL cell lines) and in vivo (GCB-DLBCL xenograft model in
severe combined immunodeficiency (SCID) mice) findings dis-
cussed in this study strongly argue for the role of sEVs, including
exosomes, in the immunotherapy escape of DLBCL tumour cells.
Furthermore, they may improve our understanding of the
molecular events leading to the expression of CD20 at the cellular
and sEV levels.

MATERIALS AND METHODS
Human B cell lines and cell cultures
Two GCB-DLBCL cell lines (SUDHL4 and SUDHL6 obtained from DSMZ) and
three ABC-DLBCL cell lines (OCI-LY3 and OCI-LY10, given by Pr. Feuillard,
UMR CNRS 7276, Limoges University, with the kind agreement of the Louis
M. Staudt, National Cancer Institute, USA and U2932 from DSMZ) were
used. The cell lines were grown in RPMI-1640 medium (Lonza)
supplemented with 10% heat-inactivated foetal bovine serum (FBS)
(Hyclone), 100 U/mL penicillin and 100 µg/mL streptomycin (Gibco) at
37 °C in a humidified atmosphere containing 5% CO2. Cell lines were
expanded upon receipt and low-passage vials were stored in liquid
nitrogen. All experiments were realised within 8 weeks after drawing. The
cell lines were routinely tested to confirm the absence of mycoplasma by

the MycoAlert Kit from Lonza. For the functional analyses, cells (106/mL)
were incubated with Rtx (MabThera®, stock 10mg/mL, a generous gift
from CHRU Dupuytren of Limoges, Pharmacie centrale) and 7,8-DHF (500
nM, Sigma-Aldrich, France) or exogenous BDNF (rhBDNF, 100 ng/mL,
Promega) alone or in combination.

Flow cytometry analysis of surface and intracellular CD20
expression
After washing in phosphate-buffered saline (PBS), 0.5 × 106 DLBCL cells were
used for cytometry analysis of surface CD20 expression using PE-labelled
mouse anti-CD20 antibody (clone B9E9 [HRC20]; Beckman Coulter) incubated
for 30min at 4 °C to detect the extracellular epitope located in the larger CD20
loop. Isotypic control was also realised (IgG2a mouse-PE, Beckman Coulter).
After washing, cells were resuspended in PBS/1% formaldehyde. CD20+ cells
were analysed with a FACSCalibur flow cytometer (Becton Dickinson,
Heidelberg, Germany) acquiring 10,000 events after gating on light scatter
properties (forward vs side: FSC/SSC) to eliminate debris and cellular
aggregates. The mean fluorescence intensity (MFI) values were used as a
semiquantitative measure of the expression of CD20.
Alternatively, when cells were exposed to treatment (i.e. Rtx or 7,8-DHF),

they were fixed in PBS with 1% formaldehyde, permeablized with ice-cold
100% methanol for 20min at –20 °C, washed in PBS and incubated with
3% bovine serum albumin (BSA)-PBS for 30min at 4 °C. Then, cells were
incubated for 1 h at 4 °C with rabbit anti-CD20 (EP459Y clone, Abcam)
directed against a cytoplasmic epitope within CD20 molecule or isotypic
control in 1% BSA-PBS. After washes in PBS, Abs were revealed using Alexa
Fluor 488-conjugated goat anti-rabbit IgG Ab (Invitrogen) for 30min at 4 °
C. After washing twice in PBS, cells were suspended in PBS and analysed by
flow cytometry.

Real-time quantitative PCR analysis of MS4A1 expression
Total RNA was isolated using the QIAzol Lysis Reagent from Qiagen, and 2 μg
of total RNA was used as a template for complementary DNA (cDNA)
synthesis using the High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems), according to the manufacturer’s instructions. Experiments were
performed in triplicate with TaqMan® Fast Universal PCR Master Mix (Applied
Biosystem Thermo Fisher Scientific) and membrane-spanning 4-domains A1
(MS4A1; CD20) specific primers and probe, or 18S TaqMan® Gene Expression
Assays (Primer/Probe Set). Amplification of cDNA was measured using a
StepOnePlusTM Real-Time PCR System (Applied Biosystem). Quantitation of
results was determined using the delta delta CT method. MS4A1 mRNA
expression in DLBCL cells was normalised to 18S RNA levels (delta CT) and
then expressed relative to culture condition control (delta delta CT). Primers
used for MS4A1: forward primer 5′-ATGTCTTCACTGGTGGGCC-3′ and reverse
primer 5′-TAATCTGGACAGCCCCCAA-3′ and sequence of the MS4A1 Taq-
Man® probe: 5′-CACGCAAAGCTTCTTCATGAGGGAATCT-3′.

EV separation, analysis and quantification
sEV preparation from DLBCL cell culture medium. EVs were harvested from
72 h supernatants of DLBCL cell lines cultured in RPMI-1640 with 10% EV-
depleted FBS by differential centrifugation and ultracentrifugation,
according to standard protocols [28] and update of the MISEV2014
guidelines [29]. Briefly, supernatants were sequentially centrifuged (4 °C) at
300 × g for 10 min, at 2000 × g for 10 min and at 10,000 × g for 30 min,
followed by filtration (0.22 μm filter; Millipore). Then, sEVs were pelleted by
ultracentrifugation at 120,000 × g for 70 min and washed in PBS by a
repeated 120,000 × g centrifugation (SW28 rotor, Beckman Coulter).
Supernatants were carefully removed and sEV pellets were suspended
either in 50 µL of RIPA lysis buffer (when used for western blotting) or in
500 µL of PBS or enzyme-linked immunoassay (ELISA) sample buffer (when
used for nanoparticle tracking analysis (NTA) analysis or CD20 ELISA,
respectively), or in RPMI medium for in vitro or in vivo functional
experiments.

Nanoparticle tracking analysis. Structural and quantitative analysis of EVs
secreted by DLBCL cells was performed using the NanoSight NS300
instrument (Malvern Instruments Company), following the manufacturer’s
protocol. Mean particule sizes, modus and concentration of EVs were
determined using the NTA 2.3 software in which five videos of 60 s were
taken under controlled fluid flow with a pump speed set to 100. Plots
represent the average value of the five recordings performed for each
sample.
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Electronic microscopy
Purified sEVs were captured using immunobeads coupled with anti-CD63
antibodies and analysed using transmission electron microscopy (TEM) at
the Poitiers University (Service Anatomie et Cytologie Pathologiques CHU-
La Milétrie).

Flow cytometry analysis of complement-dependent cell
cytotoxicity (CDC)
Functional analysis of sEVs binding capacity to Rtx was evaluated by the
rescue of DLBCL cell lines from Rtx-mediated CDC. Non-inactivated pooled
normal human serum obtained from voluntary healthy donors was used as
a complement source. Autologous or heterologous sEV preparations from
40 × 106 DLBCL cell supernatants were pre-incubated or not with 0.1 µg of
Rtx in serum-free medium at 37 °C for 10min. Then, fresh DLBCL cell
cultures (106 cells/mL) were added, followed by the addition of human
serum (20% vol/vol). After 30min of incubation at 37 °C, cells were washed
and resuspended in 500 µL of PBS. Cell death was analysed using
propidium iodide (PI, 0.5 mg/mL) by flow cytometry (FACSCalibur, Becton
Dickinson).

Western blotting analysis
Cell or sEV pellets were treated with RIPA buffer (Cell Signalling
Technology) supplemented with protease and phosphatase inhibitors
(Sigma). After centrifugation at 12,000 × g for 20 min, the supernatant
was collected. Twenty to 80 µg of proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred
to PVDF membrane (Bio-Rad). The primary Abs used were: mouse anti-
human CD20 (Dako), anti-CD81 (Santa Cruz Biotechnology), anti-ALIX
(Cell Signalling Technology) and anti-β-actin (Sigma-Aldrich); rabbit anti-
CD63 (Abcam), anti-flotillin-1 and anti-flotillin-2 (Cell Signalling Technol-
ogy) and anti-p-TrkB (Y817) (Abcam). Horseradish peroxidase (HRP)-
conjugated secondary antibodies were from DakoCytomation. Blotted
proteins were detected and quantified using the Immobilon Western
Chemiluminescent HRP Substrate (Millipore) and a bioimaging system
(GeneSnap; Syngene). Protein expression was quantified using ImageJ
software (NIH). Alternatively, sEV preparations were first immunocap-
tured with magnetic Dynabeads® ProteinG (Invitrogen) conjugated with
mouse IgG2a anti-human CD20 (Dako) according to the manufacturer’s
protocol. After overnight incubation with rotation at 4 °C, bead-bound
sEV complexes were washed three times in PBS and finally resuspended
in RIPA buffer with protease and phosphatase inhibitors for western
blotting analysis.

Quantification of CD20 proteins on sEVs by ELISA
sEV preparations from DLBCL (produced by 40 × 106 cells) were
resuspended in ELISA sample buffer, and CD20 level was quantified using
CD20/MS4A1 (human) ELISA Kit (BioVision) according to the manufac-
turer’s protocol. The limit of detection was 0.156 ng/mL.

In vivo xenografts
All animal studies were conducted in accordance with the guidelines
established by the internal Institutional Animal Care and Use Committee
(CREEAL No. 2-07-2012). Four-week-old SCID mice (CB17.SCID) were
supplied by Janvier Labs (Le Genest-Saint-Isle, France). To analyse the
in vivo function of sEV, we used a DLBCL xenograft model as previously
reported [26, 30]. SCID mice were injected with 1 × 107 SUDHL4 cells
subcutaneously. When tumours were established (~6 weeks after tumour
cells inoculation), mice were randomly divided into different groups (six
mice per group, control, treated with Rtx, treated with autologous or
heterologous sEVs from control or 7,8-DHF cell cultures, treated with both
Rtx and sEVs). Rtx (25mg/kg) was administered intraperitoneally (i.p.) twice
a week, alone or in combination with a contralateral i.p. injection of
purified sEVs (1×107 cell-derived sEV) from 72 h DLBCL cell cultures
(SUDHL4) exposed or not to 7,8-DHF (500 nM). For control mice, treatment
with vehicle alone was used and injections were realised with the same
protocol as treated mice. Animals weighted ~20 g on the day of treatment.
All animals were ear-tagged and monitored individually throughout the
experiment. Tumour volume (cm3) was estimated every 3 days during
2 weeks by measurements of the length (L), width (W) and height (H) of the
tumour using the formula: volume= L ×W × H. Mice were euthanised after
14 days of treatment by asphyxiation with CO2, followed by cervical
dislocation.

Statistical methods
Statistical significance between groups in the in vitro and xenograft studies
was determined by a two-tailed Student’s t test. P < 0.05 was considered
statistically significant.

RESULTS
Characterisation of EV preparations from DLBCL cell cultures
and analysis of CD20 expression
ABC- and GCB-DLBCL-derived EVs were isolated from cell culture
supernatants (30 × 106 cells) by differential centrifugation. Character-
isation of sEVs was performed using transmission electron microscopy
and NTA (NanoSight). The mean size of EVs derived from the five
tested DLBCL cell lines was 137 ± 6 nm with a modus mean of 111 ±
3 nm (Fig. 1a, b and Table 1a). Moreover, western blot analysis
revealed the expression of CD63, flotillin-1/2 and CD81 proteins
(Fig. 1c, as also shown in Fig. 2b for CD81) commonly used as sEV
markers, including exosomes; indeed, the endosomal origin of some
sEVs (exosomes) was also confirmed by the expression of MVB-
derived protein (i.e. ALIX, Supplementary Fig. S1). These proteins were
detected in sEV samples after 48 h of cell culture and were enriched
after 72 h (Fig. 1c). Of note, as the level of flotillin-2 was higher than
flotillin-1 in our samples, we have chosen flotillin-2 for the following
experiments. Even if DLBCL-derived sEVs were very homogeneous in
size, we observed some variations in the concentration of sEVs
produced by each cell line (Table 1b). Indeed, the ABC cell line OCI-
LY10 was the least productive cell line with a significantly lower EV
concentration when compared to SUDHL6 and OCI-LY3. Furthermore,
OCI-LY3 and, to a lesser extent, SUDHL6 are the most productive cell
lines, with a significantly higher EV production than the other cell lines
(OCI-LY3) or with OCI-LY3 and OCI-LY10 (SUDHL6). Moreover, our data
strongly suggest no difference in cell capacity to produce sEVs
according to the DLBCL subtype, as the highest productions were
observed in GCB (i.e. SUDHL6) as well as in ABC (i.e. OCI-LY3) cell lines.
Among the DLBCL cell lines tested, CD20 membrane expression

was heterogeneous and U2932 cells showed the lowest CD20
expression at the cell membrane and at the intracellular level
(Fig. 2a, b). This was also confirmed by the lowest CD20+ cell
percentages (Table 2). As expected, western blot analysis showed
that GCB- and ABC-derived sEVs carried CD20 (Fig. 2b). As shown in
Fig. 2b, the levels of CD20, but also of CD81 and to a lesser extent
flotillin-2, varied between DLBCL cell lines when total protein
quantification was used to normalise our EV samples. Thus, we
decided for the following experiments to use the same number of
viable cells that produced sEVs for sample normalisation. CD20
expression of sEVs was also confirmed by enzyme-linked immuno-
sorbent assay (ELISA) (Fig. 2c). Of note, sEVs from the U87-MG
human glioblastoma cell line were used as negative controls in
order to verify the specificity of CD20 detection (Fig. 2c). As shown
by western blot analysis, CD20 level on sEVs from the U2932 cell line
was below the detection threshold of the ELISA Kit used. Even
though some high variability was found for CD20 level on OCI-LY3
sEV, our data obtained by ELISA were in good agreement with those
obtained by western blot analysis of sEV lysates. Taken together,
except for the OCI-LY3, these data showed that CD20 expression on
sEVs produced by DLBCL cells reflects those on parental cells, as
expected, notably at the membrane level. Indeed, OCI-LY10 and
U2932 sEVs expressed the lowest CD20 level (especially for U2932,
which was under the limit of detection) and, apart from OCI-LY3,
SUDHL6 seemed to release sEVs with the highest CD20 level, as in
their respective parental cells. Furthermore, these data suggest, for
the first time, that the CD20 level on sEVs seems not to be in relation
with the DLBCL subtype and thus aggressivity.

The TrkB agonist, 7,8-DHF, enhances CD20 level in DLBCL sEV
We have previously shown an autocrine BDNF/TrkB survival
signalling axis in DLBCL [26]. To further explore the TrkB
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mechanisms involved in DLBCL cells, we used a TrkB agonist (7,8-
DHF) and we focused our study on EV production and CD20
expression. DLBCL cell lines were pre-exposed or not for 24 h to 7,8-
DHF (500 nM) and then Rtx (1 µg/mL) was added or not in EV-free
complete medium for an additional 48 h. Finally, sEVs were enriched
from cell supernatants and analysed. 7,8-DHF-induced TrkB activa-
tion was confirmed, as previously reported [26], by enhanced
phosphorylation (Y817) of the receptor (Fig. 3a). sEV production was
analysed by NTA in GCB and ABC-DLBCL cell lines as shown for
SUDHL4 and OCI-LY3 in Table 3. Particle size and distribution of EV,
which confirmed to be consistently in the reported range of small
EVs including exosomes, were not significantly modified by 7,8-DHF
treatment; however, there was a trend towards an increase, even
though not significant, in EV concentrations produced by SUDHL4
and OCI-LY3 cell cultures incubated with TrkB agonist as compared
to culture controls (Table 3).

CD20 expression was first analysed at the protein (72 h; Fig. 3b,
c) and transcriptional (MS4A1 mRNA) (48 h; Fig. 3d) levels in Rtx
and or 7,8-DHF-treated SUDHL4 cells. Our data confirmed the Rtx-
induced decrease of CD20 cellular level, as shown for SUDHL4 cells
in Fig. 3b by flow cytometry analysis. For this study, to prevent the
blockage of the CD20 extracellular domain by Rtx, we used an
anti-CD20 that recognises an epitope in the cytoplasmic domain
of CD20 antigen, after cell permeabilization. Moreover, Rtx cell
exposure seemed to affect notably the hypophosphorylated form
of CD20 (western blotting analysis; Fig. 3c). Of note, the decrease
of CD20 protein expression was not explained by a lower MS4A1
mRNA level (Fig. 3d). When cells were incubated with the TrkB
agonist, DHF, no modification of the CD20 level was observed at
the protein (Fig. 3b, c) and mRNA levels (Fig. 3d). These results
were also found with the physiological ligand (i.e. recombinant
human BDNF 100 ng/mL), as shown in Fig. 3c, d. These same
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results were also found with the ABC cell line, OCI-LY3 (data not
shown).
CD20 expression was further analysed by western blot on sEVs

derived from supernatants of DLBCL cell cultures. Flotillin-2 and/or
CD81 in EV lysates were used as sEV-associated proteins (Fig. 4)
and as control of EV yields when total sEV lysates were loaded. Our
data suggested an increase in CD20 level in total sEV lysates from
DHF-treated SUDHL4 cell cultures (Fig. 4a), in contrast to the
decrease observed after Rtx exposure (Supplementary Fig. S2). Of
note, western blot analysis of flotillin-2 and/or CD81 levels in total
sEV lysates showed that part of this DHF-enhanced CD20
expression could be related to an increase in the sEV number,
as suggesting data from NTA analysis. However, the quantification
analysis of five experiments revealed a significantly higher
CD20 level normalised to the amount of CD81 in sEVs released
by DHF-treated cells as compared to sEVs of the control culture.
We confirmed this result by western blot analysis of immuno-
captured sEVs as shown in Fig. 4b. Interestingly, enhanced CD20
level with or without a simultaneous increase of CD81 was also
observed after TrkB stimulation with the physiological ligand,
BDNF, and in sEVs of other GCB (i.e. SUDHL6) and ABC (i.e. OCI-
LY3, OCI-LY10) cell lines (Fig. 4c and Supplementary Fig. S1).
Moreover, in contrast, to control culture conditions (Fig. 4a), we
found some co-isolated contaminants of proteins localised in
other compartments like nucleus (i.e. PARP) and mitochondria (i.e.
TOM20) when sEVs were isolated from 7,8-DHF-treated cell
supernatants. Collectively, these data suggest that TrkB agonist
signalling determines higher CD20 in sEVs and/or release of sEVs
that contain sEVs like exosomes but also other subtypes of EVs.

DLBCL cells are differentially protected by autologous sEVs
from Rtx cytotoxicity and the effect of sEVs from TrkB agonist-
treated cultures
Previous data showed that sEVs released from aggressive
B-lymphoma cells act as decoy targets upon Rtx exposure,
allowing cells to escape from humoral immunotherapy [19]. With
the aim to further explore this protective effect in vivo and also
with sEVs from TrkB-activated cell cultures, we first evaluated
in vitro the capacity of our sEV preparations to influence the
sensitivity of DLBCL cell to Rtx, and notably to the complement-

dependent Rtx cytotoxicity (CDC). We have chosen to focus our
analyses on SHDHL4 cells as we used SUDHL4 xenograft-bearing
mice for the in vivo study.
Results showed (Fig. 5a) that when autologous sEVs are added

to cell cultures, sensitive DLBCL cells (i.e. SUDHL4, SUDHL6 and
OCI-LY10) became more resistant to Rtx-mediated CDC with a
strong decrease in dead cell percentages when compared to Rtx
alone. Of note, cell viability was not modified by co-culture with
sEVs alone for all studied cell lines. Interestingly, autologous sEVs
induced total Rtx escape of SUDHL6 cells, as CDC with sEVs from
SUDHL6 was no longer significantly different from the CDC control
(Fig. 5a). Of note, a positive correlation was observed between
CD20 membrane expression (MFI) of each cell line and sEV-
mediated CDC protection (correlation coefficient= 0.92; R2=
0.85). These data show that sEV-mediated escape from CDC is
linked to the cell sensitivity (i.e. membrane CD20 level) to Rtx. In
the ABC-DLBCL subtype cell line, OCI-LY3, known to be more
resistant, Rtx (0.1 μg/mL) exposure did not induce CDC, which
could be explained by the lower CD20 membrane expression as
compared to responsive cell lines (Table 2). Furthermore, viability
was not changed when cells were exposed to sEVs alone (Fig. 5a).
To further investigate the role of CD20 level in the protective
effect of sEVs from the Rtx-induced CDC, we analysed the
influence of heterologous sEVs with different levels of CD20 on
the CDC sensitivity of SUDHL4 cells. Our results showed (Fig. 5b)
that the CDC escape realised by sEVs is dependent on their CD20
level, with a strong escape observed for sEVs with high CD20
expression (SUDHL6, OCI-LY3 and SUDHL4) and a low or no
escape for sEVs with lower (SUDHL10) or negative (U2932) CD20
expression. Interestingly, the protective effect of sEVs from
SUDHL6 was significantly higher than those of sEVs from the
other DLBCl cell lines. These data with recent preliminary results
obtained by flow cytometry (Supplementary Fig. S3) confirm the
functionality of all SUDHL-derived sEVs tested, likely by exercising
a decoy function against anti-CD20 antibodies.
Finally, as treatment with 7,8-DHF seemed to enhance sEV CD20

expression, we explored the in vitro capacity of autologous sEVs
isolated from DHF-treated SUDHL4 cell cultures to enhance
protection against Rtx-mediated CDC. Indeed, our results (Fig. 5c)
showed that, even if the effect was low, CDC escape was higher

Table 1. Morphological characterisation and quantification of EV preparations from 72 h culture supernatants of GCB (SUDHL4/6) and ABC (OCI-LY3/
10, U2932) DLBCL cell lines. (a) Mean particle size, modusa and (b) concentration of EVs released by 30 × 106 cellsa.

(a)

Subtype DLBCL
cell line

Particule size (nm)
(means ± SE)

Modus (nm)

GCB SUDHL4 130 ± 10 106 ± 15

SUDHL6 143 ± 12 116 ± 11

ABC OCI-LY3 141 ± 14 112 ± 7

OCI-LY10 141 ± 15 111 ± 6

U2936 132 ± 26 111 ± 18
(b)

Concentration (×108 particles/mL) SUDHL4 SUDHL6 OCI-LY3 OCI-LY10 U2932

SUDHL4 4 ± 2

SUDHL6 p= 0.15 6 ± 3

OCI-LY3 p= 0.03 p= 0.05 20 ± 15

OCI-LY10 p= 0.10 p= 0.02 p= 0.03 2 ± 1

U2932 p= 0.72 p= 0.12 p= 0.03 p= 0.31 3 ± 2

Bold value indicate statistical significance p ⩽ 0.05.
aThey were quantified using the NanoSight Tracking Analysis system after small EV enrichment by ultracentrifugation as described in ‘Materials and methods’.
Results are expressed as means ± SD of at least five independent experiments. The corresponding statistical comparisons of EV production between cell lines
are done (p value, t test).
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with sEV preparations from DHF-treated cell cultures (Rtx+ sEV4
DHF) than that of the control culture (Rtx+ sEV4). Of note, we also
observed the same trend with sEVs from OCI-LY10 cell cultures on
autologous cell protection from Rtx-mediated CDC (data not
shown). However, no effect was observed for sEVs from DHF-
treated SUDHL6 cell supernatants (data not shown). This result
could be explained by the strong protection already done by
SUDHL6-derived sEVs from control cultures (Fig. 5a).

sEVs allow in vivo tumour escape from Rtx treatment in a
DLBCL xenograft mouse model
In order to confirm our data in vivo, we used a GCB-DLBCL
xenograft murine model as previously reported [26, 30, 31], in
which SCID mice were subcutaneously inoculated with SUDHL4
cells. After 6 weeks, tumour-bearing mice were i.p. treated with
Rtx (25 mg/kg) or PBS solution (control mice), in association or not
with autologous sEVs purified from 10 × 106 SUDHL4 cell cultures
in the presence or not with 7,8-DHF (500 nM). Moreover, the
in vivo capacity of heterologous OCI-LY3-derived sEVs to protect
SUDHL4 tumours from Rtx cytotoxicity was also evaluated.
Tumour growth in mice treated only with SUDHL4- or OCI-LY3-

derived sEVs purified from control cultures (sEV4 or sEV3, respectively)

was not significantly different from those of PBS-treated control mice
(Fig. 6a, n.s.). Our data showed that, when associated with Rtx
treatment, sEV preparations (sEV4 or sEV3+ Rtx) induced a significant
increase of tumour growth, compared to mice injected with Rtx alone;
this escape from Rtx was stronger with the heterologous OCI-LY3-
derived sEV, confirming our in vitro findings. Indeed, tumour volumes
were no longer significantly different from those of control mice
(Fig. 6a). Interestingly, enhanced protection was observed when sEVs
were purified from TrkB agonist-treated cell cultures (i.e. sEV4 DHF+
Rtx in Fig. 6b) and tumour growth was significantly higher (p< 0.05)
compared to mice receiving sEVs purified from control cultures (i.e.
sEV4+ Rtx). Of note, no significant effect was observed with sEVs
from DHF cell cultures alone (i.e. sEV4 DHF). To the best of our
knowledge, these data show, for the first time, the in vivo capacity of
DLBCL-derived sEVs to protect tumours from Rtx treatment in a
DLBCL xenograft model, which could also be enhanced using sEVs
produced by cells with TrkB activation.

DISCUSSION
Increasing evidences support an important role for exosomes in
haematological malignancies including DLBCL development and

Table 2. Flow cytometry analysis of membrane CD20 expression on GCB (SUDHL4 and SUDHL6) and ABC (OCI-LY3, OCI-LY10 and U2932) DLBCL
cell lines.

CD20 cell surface expression SUDHL4 SUDHL6 OCI-LY3 OCI-LY10 U2932

MFI 1824 ± 50 1989 ± 18 389 ± 1 1195 ± 21 23 ± 5

Positivity (%) 99 ± 0 99 ± 0 98 ± 0 99 ± 0 76 ± 2

Membrane CD20 expression was analysed by flow cytometry after anti-CD20-PE staining of DLBCL cells. Data are the means of three experiments ± SD.
MFI mean fluorescence intensity of CD20 staining.
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progression [32, 33]. However, the mechanisms of CD20 regulation
at the exosomal level needed to be clarified for the different
DLBCL cell subtypes. In the present study, we realised a
comparative analysis of sEV production by GCB and ABC-DLBCL
cell lines and evaluated their CD20 level. NTA and western blot
data demonstrated sEVs in our preparations, which probably
included exosomes. Multiple normalisation strategies are found in
published studies (particle counts, total amount of biomolecules
like proteins, or the number of secreting cells for in vitro studies)
and no clear recommendation can be made on which normal-
isation is best [29]. In the present work, as sEV productions by the
studied DLBCL cell lines were low and probably heterogeneous,
we have used the same viable cell number rather than total
protein quantification to normalise our sEV samples.
As reported for membrane CD20 level among tumour B cell lines,

or in patients [34, 35], CD20 expression of sEVs was variable, with a
higher level for sEVs derived from cell lines expressing high
membrane CD20 levels (i.e. SUDHL6). As expected, CD20 expression
was mostly undetectable in sEV lysates produced by U2932 cells that
were also CD20low, and CD20 was not detected at the cellular (data
not shown) and sEV levels in a CD20− glioblastoma cell line. The
differential CD20 expression of sEVs obtained by the western blot
analysis was confirmed by ELISA, and, except for the OCI-LY3 cell line,
these levels are in good agreement with the CD20 level of parental
cells. Moreover, the lower CD20 level of OCI-LY10 and U2932 sEVs

observed by western blot and ELISA was also confirmed by
preliminary results obtained by flow cytometry analysis of the
binding capacity of sEVs derived from DLBCL cell lines to Rtx
(Supplementary Fig. S3). The Capture of Rtx was the lowest for sEVs
from U2932 and to a lesser extent with sEVs from OCI-LY10.
Collectively and by different approaches, we show in the present
study that the CD20 level on sEVs reflects those of parental cells,
except for OCI-LY3; indeed, the OCI-LY3 cell line forms cellular
aggregates that were difficult to separate in the analyses, which may
have interfered with some results. Our analysis suggests no significant
difference according to the DLBCL subtype, even if we have to
confirm this with additional cell lines as well as in sEVs from patients.
As expected, we confirmed in vitro the functional capacity of
autologous and heterologous sEVs to protect cells from Rtx-mediated
CDC [19, 36]. CDC activity of Rtx has been shown to be dependent on
CD20 expression level [37], which could explain the CDC resistance of
OCI-LY3 in this study. Interestingly, our data revealed stronger
protection in the autologous model (i.e. SUDHL6 sEVs vs SUDHL6
cells) or heterologous model (i.e. OCI-LY3 sEVs and SUDHL6 sEVs vs
SUDHL4 cells) with sEVs that likely express higher CD20 levels and/or
are highly concentrated in cell culture supernatants. Indeed, NTA data
showed that sEV production varies significantly between some of the
DLBCL cell lines, which was also suggested by western blot analysis.
For SUDHL6, OCI-LY10 and U2932 cells, as no significant differences
were shown with SUDHL4 sEV production by NTA (Table 1b), the

Table 3. Effect of the TrkB agonist (7,8-DHF) on sEV production by DLBCL cells.

SUDHL4 OCI-LY3

Control DHF (500 nm) P value Control DHF (500 nm) P value

Particle size (nm) (means ± SE) 132 ± 9 133 ± 10 0.87 143 ± 14 142 ± 19 0.82

Modus (nm) 108 ± 14 105 ± 9 0.64 114 ± 7 114 ± 5 0.94

Concentration (×108 particles/mL) 3 ± 1 6 ± 7 0.33 25 ± 29 45 ± 53 0.08

Mean particle size, modus and concentration of sEVs were quantified using the NanoSight Tracking Analysis system after sEV enrichment by
ultracentrifugation as described in ‘Materials and methods’. Results are expressed as means ± SD of eight independent experiments. P values of paired-samples
t test are done.
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higher (SUDHL6) or lower (OCI-LY10 and U2932) protection vs sEVs
from SUDHL4 can be attributed to the higher or lower CD20 level of
sEVs, respectively; for OCI-LY3, as this cell line was shown to produce a
larger number of sEVs than other cell lines, the higher protection
could also reflect higher sEV concentration.
We have previously shown that autocrine BDNF/TrkB survival

pathways may affect Rtx efficacy in DLBCL [26]. Herein, we report for
the first time in vitro and in vivo evidence for a TrkB role in cell escape
from Rtx treatment that could involve sEV production and their CD20
expression. 7,8-DHF is a member of the flavonoid family that has been
identified as the first small-molecule compound that crosses the
blood–brain barrier, binds with high affinity and specificity to the
BDNF receptor, TrkB, and activates its down-stream signalling cascade
[27]. In the present work, we used 7,8-DHF to mimic the BDNF effect
in DLBCL cells that we proved by enhanced phosphorylation of TrkB.
Erk and Akt signalling pathways, involved in TrkB signalling [38], have
also been described to control the up-regulated expression of CD20
on human tumour B cells [39, 40]. Thus, we evaluated the role of TrkB
activation on the regulation of CD20 expression. We first analysed
CD20 membrane and intracellular levels in DLBCL cells exposed to the
TrkB agonist, 7,8-DHF, associated or not to Rtx. We confirmed, in the
SUDHL4 cell, the previously reported down-regulation of CD20 level
after Rtx exposure [10, 35]. However, we show that this effect was not
associated with reduced mRNA MS4A1 levels suggesting, as
previously described, the complexity of mechanisms involved in
Rtx-induced down-regulation of membrane CD20 [37]. As concerning
sEVs released by DLBCL cell lines, we observed a decrease of CD20

expression after Rtx exposure (Supplementary Fig. S1); this result,
reported here for the first time to our knowledge, strongly suggests
that this variation in CD20 level reflects the down-regulation of the
membrane CD20 level observed in parental cells. Interestingly, we
found in sEV lysates, derived from DLBCL cell cultures, a higher
expression of CD20 after 7,8-DHF exposure, which was not explained
by an overall increase in cellular CD20 level neither in MS4A1 mRNA.
The higher CD20 expression on sEVs after TrkB activation was found
in all tested DLBCL cell lines and was observed with the natural ligand
of TrkB, BDNF. Of note, increased expression of CD20 in sEV lysates
was often associated with an increase in sEV marker expression (i.e.
CD81 or flotillin-2), suggesting that this effect could be due, at least
partly, to an increase in sEV production. This hypothesis is supported
by the NTA analysis of sEV preparations that were purified from
DLBCL cell cultures after 7,8-DHF treatment as compared to control.
However, we could not find any significant differences between our
groups likely due to the high variability of sEV concentrations
produced by each cell culture. Our previously reported data in DLBCL
cell lines and biopsies samples from patients revealed the expression
of full-length (TrkB.FL) and truncated (TrkB.T1) forms of BDNF high-
affinity receptor, and p75NTR, the low-affinity NT receptor [26].
Furthermore, we showed evidence for a pro-survival role of
endogenous BDNF/TrkB/p75NTR axis in DLBCL cells that could be
involved in aggressive phenotypes. Interestingly, in neurons BDNF/
TrkB.FL/p75NTR signalling was demonstrated to induce internalisation
and accumulation of p75NTR, which had escaped the lysosomal route
in CD63+ MVBs for exosome release [41, 42]. Of note, p75NTR was
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previously found in small EVs released by DLBCL cell lines (personal
data). Therefore, even if we cannot exclude medium/large EVs in our
preparations, we suggest that, as in neurons, BDNF/TrkB.FL/p75NTR

signalling in DLBCL cells may increase internalisation and post-
endocytic trafficking of membrane receptors as p75NTR favouring
MVBs specialised for exosome release.

Results from our in vitro studies indicated higher CD20 levels in
sEVs after TrkB activation, suggesting a potential effect in cell
escape from Rtx-induced CDC. To assess this possibility in vivo,
we used xenografts of SUDHL4 cells in SCID mice and evaluated
the role of autologous sEVs purified from supernatants of SUDHL4
cell cultures treated or not with 500 nM of 7, 8-DHF. First, we
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confirm in vivo, for the first time to our knowledge, in a DLBCL
xenograft mice model, the capacity of autologous sEVs to protect
DLBCL tumours from Rtx cytotoxicity. Moreover, data are
consistent with in vitro results showing stronger protection with
heterologous OCI-LY3-derived sEV, probably by exercising a
higher decoy function against Rtx. Interestingly, we proved that
this protection was significantly higher when sEVs were derived
from SUDHL4 cells exposed to the TrkB agonist. Even though we
proposed that an increase in CD20 expression of sEVs and/or sEV
release is involved in this higher cell escape, we cannot exclude
other EV components as a complement or complement
regulatory proteins that have been also reported in sEVs from
DLBCL [19]. Moreover, in vivo, sEVs can influence tumour
microenvironment or inhibit target cells as NK cells by carrying
genetic information notably microRNAs [43]. Indeed, further
experiments are required to understand the in vivo mechanisms
as well as TrkB-mediated regulation of CD20 levels in sEVs
of DLBCL.
In conclusion, present data provide comparative quantitative

and qualitative (i.e. CD20 levels) informations on sEVs released by
GCB and ABC-DLBCL cell lines. Furthermore, they report in vivo
(xenograft model) the capacity of autologous and heterologous
sEVs to protect tumours from immunotherapy, which could be
influenced and enhanced by culture conditions. Notably, we
showed that autocrine/paracrine survival loops realised by BDNF/
TrkB axis, which we previously reported in DLBCL, also target sEV
release enhancing protection to Rtx. Finally, beyond their role in
exercising a decoy function against Rtx, our results suggest that
peripheral sEVs from patients, by providing indirect information
on the CD20 phenotype of parental cells, could serve as a “liquid
biopsy” in DLBCL disease monitoring.
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