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Abstract

Introduction: The pro-tumoural role of M2 macrophages has been described
in various cancers and is associated with poor clinical outcomes. Exosomes
derived from cancers can shuttle information among tumour cells, immune
cells, and the microenvironment, leading to microenvironment remodelling.
The mechanism involved in exosomes influencing macrophages polarisation
is still unclear.

Material and methods: We established a macrophage model derived from
THP-1 monocytes. To mimic the in vivo microenvironment, we generated
an indirect co-culture system of macrophages with diffuse large B-cell lym-
phoma (DLBCL) cell lines, OCI-LY1 and OCI-LY3 cells. In addition, pre-treated
macrophages with exosomes derived from OCI-LY1/3 lymphoma cells were
used in our study. The changes in macrophage polarisation stage, surface
receptor expression, and cytokine expression at the mRNA level were anal-
ysed. Moreover, the effect of macrophages on drug-induced lymphoma cell
apoptosis in the indirect co-culture system was assessed. Furthermore, pro-
tein analysis of NF-xB and p-p65 in macrophages exposed to exosomes was
performed by western blot.

Results: DLBCL-derived exosomes had different effects on macrophages at
different differentiation stages; these macrophages had different effects on
drug-induced apoptosis of lymphoma cells in indirect co-culture. Moreover,
NF-kB signalling molecules were involved in this process.

Conclusions: The results indicate that DLBCL-derived exosomes can lead to
more M2 phenotypes, promote tumour growth, and play a substantial role
in tumour progression, invasion, and drug-resistance.

Key words: macrophages, tumour microenvironment, diffuse large B-cell
lymphoma, exosome, nuclear factor-kB.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype
of lymphoma, occupying 30-40% of preliminary diagnosed non-Hod-
gkin’s lymphomas; approximately 30% of patients with late stage DLBCL
remain intractable and relapse [1]. The tumour microenvironment (TME)
plays an important role in the proliferation, angiogenesis, migration, and
metastasis of tumours by promoting the secretion of growth factors, an-
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giogenic factors, and adhesion molecules [2]. Ev-
idence shows that DLBCL is not purely the result
of autonomous cell growth but also relies on the
survival and proliferation signals from the micro-
environment [3].

Macrophages are derived from two different
pools of circulating inflammatory or resident
monocytes that are recruited to tissues in re-
sponse to inflammation or infection, and they also
maintain homeostasis by replacing apoptotic res-
ident macrophages [4, 5]. The microenvironment
has a great impact on macrophage heterogene-
ity and plasticity in anti- and pro-inflammatory
immune processes [6]. During the early stage of
tumour development, monocytes recruited to the
tumour site encounter proinflammatory signals
that contribute to their differentiation into M1
macrophages. In later stages of neoplastic trans-
formation, signals from the tumour and neigh-
bouring stromal cells promote changes toward an
M2 macrophage phenotype, supporting further
tumour progression [7]. Several studies have in-
dicated that tumour-associated macrophages
(TAMs) are associated with the poor clinical out-
come of patients with DLBCL, even under ritux-
imab treatment [8-10]. However, the mechanism
of communication between lymphoma cells and
macrophages in the TME is not fully understood.

Current knowledge of exosomes shows that
they play an important role in the development
and progression of cancer, modulate intercellular
communication within the TME by transferring
proteins, lipids, and genetic content [11, 12], and
promote the M2 phenotypic functional polarisa-
tion of TAMs [13]. Previous studies have shown
that cancer-derived exosomes can acclimate
immune cells to a pro-tumour phenotype, and
significantly contribute to tumour progression,
including the promotion of tumourigenesis, inva-
sion, angiogenesis, dissemination, and formation
of pre-metastatic niches [14]. Importantly, the re-
cruitment and migration of immune cells into TME
is governed by dynamic signalling, and exosomes
are a key component of these interactions [15].
However, the knowledge of tumour exosomes
affecting macrophages in different differentiated
stages in the TME remains unclear.

The nuclear factor-kB (NF-xB) is an important
transcription factor of genes. Many cytokines are
regulated by NF-kB in the early stages of the im-
mune response and at various stages of the inflam-
matory response [16]. NF-kB plays a key role in in-
flammatory injury, tumour formation, angiogenesis,
metastasis, and cell apoptosis [17]. We hypothesise
that tumour exosomes affect the phenotype of
macrophages and determine whether NF-«kB signal-
ling is involved in this process. Hence, in this study,
we investigated the activation of NF-kB signalling

in macrophages treated with lymphoma exosomes.
This study will provide novel insight into the under-
lying mechanisms of communication between can-
cer exosomes and macrophages in the TME.

Material and methods
Cell culture

Human DLBCL cell lines, non-germinal centre
B-cell-like (non-GCB) subtype OCI-LY3, and GCB
subtype OCI-LY1 and SU-DHLS cells were grown in
Iscove’s Modified Dulbecco’s Medium (Life Tech-
nologies Corporation, NY, USA) supplemented with
10% foetal calf serum (FCS, Hyclone, Loan, UT, USA).
The human monocytic THP-1 cells were maintained
in RPMI 1640 medium supplemented with 10% FCS.
THP-1 monocytes were differentiated into inactivat-
ed MO macrophages for 24 h by incubation with
50 ng/ml phorbol 12-myristate 13-acetate (Sigma-
Aldrich, St. Louis, MO, USA) followed by another
24-h incubation in complete RPMI medium.

Exosome purification and identification

Exosomes were purified from supernatants of
48-h-cultured lymphoma cells by ultracentrifuga-
tion combined with use of an exosome extraction
kit (Thermo Fisher Scientific, MA, USA). Briefly,
dead cells and debris were removed by centrifu-
gation and use of an exosome extraction kit ac-
cording to the manufacturer’s instruction. A lim-
ited number of samples were selected to verify
the morphology of vesicles using transmission
electron microscopy (TEM). To further validate the
purity of exosome preparations, after quantifying
the amount of protein using the BCA protein as-
say, western blotting was performed to measure
the levels of CD9 and CD63.

Macrophage polarisation and indirect
co-culture with DLBCL cells

After THP-1 monocytes were differentiated into
MO macrophages, MO macrophages were polarised
into M2 macrophages by incubation with 20 ng/ml
of IL-4 and IL-13. In the co-culture assay, lympho-
ma cells in RPMI 1640 were plated into transwell
chambers (24 mm, 0.4 um microporous; Corning
Inc., NY, USA), and THP-1 monocytes (1 x 109
were differentiated and polarised in six-well plates
under the chambers. Macrophages treated or un-
treated with DLBCL exosomes were co-cultured
with DLBCL cells in RPMI medium for 24 h before
incubation with epirubicin for another 24 h.

DiO-labelling of exosomes and tracking

For the fluorescence labelling of exosomes,
exosomes were exposed to 5 mg/l solution of DiO
(Thermo Fisher Scientific, MA, USA) membrane dye,
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according to the manufacturer’s instructions, incu-
bated in the dark at 37°C for 30 min and re-purified
by ultracentrifugation and an exosome extraction
kit. Briefly, macrophages were incubated for 4 h
with 10 pg/ml DiO-labelled exosomes at 37°C. Af-
ter incubation, the cells were washed with PBS. Fi-
nally, images were obtained using a laser scanning
confocal microscopy (Carl Zeiss AG, Jena, GER).

Co-culture of THP-1-derived macrophages
and exosomes

Isolated exosomes were quantified using the
BCA protein assay and administered to macro-
phages in equal amounts. After THP-1 monocyte
differentiation and polarisation, these cells were
treated with DLBCL-derived exosomes in equal
amounts for 48 h.

Flow cytometric analysis of drug-induced
apoptosis in DLBCL cells indirectly
co-cultured with macrophages

For analysis of apoptosis of DLBCL cells un-
der indirect co-culture conditions, OCI-LY1 or
OCI-LY3 cells were co-cultured with MO and M2
macrophages treated or untreated with DLBCL
exosomes. After co-culture, DLBCL cells were har-
vested and stained using an Annexin V-FITC/PI
apoptosis Detection Kit and prepared according to
the manufacturer’s instructions. Results were an-
alysed by flow cytometry (FCM, Beckman Coulter,
CytoFLEX, CA, USA).

Extraction of protein and western blotting

Exosome and cell precipitation were lysed in
RIPA lysis buffer containing a protease inhibitor
cocktail (Roche, Basel, Switzerland) and a phos-
phatase inhibitor cocktail (Cell Signaling Technol-
ogy, USA), and the total cytoplasmic protein was
harvested. In brief, the precipitant was collected
and lysed with RIPA buffer for 30 min on ice, cen-
trifuged at 14,000xg for 15 min, the supernatant
was transferred to a new Ep tube, and the pro-
tein was obtained. The protein concentrations
were normalised using a BCA protein assay. Pro-
tein extracts were subjected to SDS-PAGE, trans-
ferred onto polyvinylidene fluoride membranes,
and blocked with 1x TBS buffer containing 0.1%
Tween 20 and 5% (w/v) skimmed milk powder or
5% BSA. Then, the protein extracts were probed
with primary antibodies, followed by an anti-rab-
bit or anti-mouse secondary antibody, and visual-
ised using enhanced chemiluminescence detec-
tion. The expression level of GAPDH was used as
the loading control for the total protein. The anti-
bodies used in this study included anti-phospho-
rylated(p)-NF-xB (p65) (Cell Signaling Technology,
USA), anti-NF-xB(p65) (Cell Signaling Technology,

USA), anti-CD9 (Abcam, UK), anti-CD63 (Abcam,
UK), and anti-GAPDH (Proteintech, USA). Anti-
gen-antibody complexes were detected using sec-
ondary antibodies conjugated to HRP (Invitrogen,
USA) and visualised through enhanced chemilu-
minescence (Biological Industries, IL). Each west-
ern blot was independently repeated at least three
times, and representative results are shown.

Reverse transcription PCR (RT-PCR) and
quantitative real-time PCR analysis

To analyse the RNA expression levels of the
macrophages, qRT-PCR was performed. For RT-PCR,
total RNA was extracted using Trizol and was spec-
trophotometrically quantified, and equal amounts
(1 pg) were transcribed into cDNA according to the
instructions. mRNA levels were quantified by gRT-
PCR using the Syber green master mix (Vazyme,
JS, CHN). The data analyses were performed using
the 222% method, whereby relative gene expres-
sion levels were normalised to GAPDH and mRNA
abundance was quantified using the threshold cy-
cle method. CD163, CD206, IL-10, IL-6, IL-12, and
CXCL10 mRNA expression in macrophages were
assessed. The primer sequences for the molecules
used were listed as follows. Sense and antisense
primers for CD163 (ATCAACCCTGCATCTTTAGACA;
CCTGTTGTCACATGTGATCCAG), CD206 (GACGTGG-
CTGTGGATAAATAAC; CAGAAGACGCATGTAAAGCTAQ),
IL-10 (GTTGTTAAAGGAGTCCTTGCTG; TTCACAGGG-
AAGAAATCGATGA), IL-6 (CACTGGTCTTTTGGAGTTT-
GAG; GGACTTTTFTACTCATCTGCAQ), IL-12 (TAAGA-
TGCGAGGCCAAGAATTA; TACTCATACTCCTTGTTGT-
TCC), CXCL10 (CTCTCTCTAGAACTGTACGCTG; AAT-
CAGACATCTCTTCTCACCCQ), as well as GAPDH (CAG-
GAGGCATTGCTGATGAT;, GAAGGCTGGGGCTCATTT),
were used for gRT-PCR analysis. Experiments were
completed in biological triplicate, and results are
expressed in terms of fold change using GAPDH
as the housekeeping gene.

Statistical analysis

All data are presented as mean + SD of results
obtained from at least three independent experi-
ments. Graph generation and statistical analyses
were performed using GraphPad Prism software
(GraphPad Software, Inc., La Jolla, CA, USA). Sta-
tistical significance was assessed using unpaired
Student’s t-tests, with p < 0.05 considered sta-
tistically significant. *p < 0.05, **p < 0.01, and
***p < 0.001 are indicated in the figure legends.

Results

Morphology and characterisation
of lymphoma exosomes

OCI-LY1, OCI-LY3, and SU-DHLS8 cells were cul-
tured in exosome-free cell media, and the super-
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natants were collected. Exosomes isolated and
purified from the supernatants were visualised
using TEM, which presented cup-shaped mem-
brane vesicles. There was no significant difference
in the morphology of the exosomes isolated from
the three cell types (Figure 1 A). Marker proteins
of OCI-LY1 and OCI-LY3-derived exosomes were
detected, including the expression of CD9 and
CD63. Western blot results showed that marker
proteins of exosomes from the two cell lines could
be detected, and extracted exosomes were fur-
ther identified at the molecular level (Figure 1 B).
The results showed that exosomes from different
DLBCL subtype cells were successfully isolated.

Exosomes from lymphoma cells regulate
macrophage polarisation

The polarisation of macrophages is easily influ-
enced by the TME; we hypothesise that exosomes
derived from lymphoma cell lines could acclimate
THP-1-derived macrophages to an immunosup-
pressive phenotype, contributing to tumour cell
progression. Many previous studies have shown
that IL-10 is a key factor in the polarisation of M2
macrophages [18-23]. Under indirect co-culture
conditions, we evaluated the mRNA expression of
M2-related polarisation markers CD163, CD206,
and IL-10 in macrophages of different stages. Then
we co-cultured different DLBCL cells subtypes OCI-
LY1 and OCI-LY3 with THP-1-derived MO or M2
macrophages, and the macrophages of each phe-
notype were divided into an experimental group
and a control group — the experimental group
were treated with different DLBCL exosomes for

A OCI-LY1-Exo

OCI-LY3
Cell Exo Cell Exo

B 0OCI-LY1

0OCI-LY3-Exo

48 h. After co-culture, the mRNA expression of
CD163, CD206, and IL-10 in macrophages of dif-
ferent phenotypes was detected via quantitative
real-time PCR. We found that the expression levels
of CD163, CD206, and IL-10 were significantly up-
regulated in MO macrophages treated with lym-
phoma exosomes (Figures 2 A, B), while the ex-
pression levels of CD163, CD206, and IL-10 were
not upregulated in M2 macrophages treated with
lymphoma exosomes (Figures 2 C, D).

Uptake of DiO-labelled DLBCL-derived
exosomes

To investigate the uptake of DLBCL-derived
exosomes by macrophages, we evaluated wheth-
er DLBCL-exosomes are efficiently internalised
into macrophages by using laser scanning con-
focal microscopy. Both DiO-labelled OCI-LY3- and
OCI-LY1-derived exosomes were incorporated into
macrophages of different stages (Figures 3 A, B).
These data suggest that exosomes derived from
DLBCL cells can be internalised into THP-1-derived
macrophages.

The effect of exosome-treated
macrophages on apoptosis of DLBCL cells

To identify the impact of macrophages treated
with exosomes on DLBCL cell apoptosis, early and
late apoptosis was assessed by Annexin V-FITC/
Pl double staining. We found that in the indi-
rect co-culture of MO macrophages and different
DLBCL subtype cells, in the group of macrophages
treated with different DLBCL exosomes, the
drug-induced apoptosis of corresponding DLBCL

SU-DHL8-Exo

Figure 1. Morphology and characterization of
lymphoma exosomes. A — Transmission electron
microscopy of isolated exosomes indicates a cup-
shaped structure. The size bar represents 50 nm.
The diameter ranged from 30-150 nm. B — Expres-
sion of exosome and cell marker proteins CD9 and
CD63 in OCI-LY1 and OCI-LY3 cell lysate (cell) and
exosomes (Exo)
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Figure 2. Exosomes from lymphoma cells OCI-LY1 and OCI-LY3 regulate macrophage polarization in co-culture.
A — The expression of CD163, CD206, and IL-10 in THP-1-derived MO macrophages treated or untreated with
OCI-LY1-secreted exosomes. B — The expression of CD163, CD206, and IL-10 in THP-1-derived MO macrophages
treated or untreated with OCI-LY3-secreted exosomes. C — The expression of CD163, CD206, and IL-10 in THP-1-
derived M2 macrophages treated or untreated with OCI-LY1-secreted exosomes. D — The expression of CD163,
CD206, and IL-10 in THP-1-derived M2 macrophages treated or untreated with OCI-LY3-secreted exosomes. Re-
sults are shown as relative to PBS-treated control (n = 3)

*P < 0.05; **p < 0.01; ***p < 0.001.
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DiO-LY1-exo Bright Merge

DiO-LY3-exo Bright Merge

Figure 3. Exosomes derived from OCI-LY1 and OCI-LY3 cells are taken up by THP-1 derived macrophages (MO and

M2). A — Representative confocal microscopy images at 40x magnification, showing the uptake of DiO-labeled OCI-
LY1-derived exosomes by macrophages (MO and M2) after 4 h incubation. B — Representative confocal microscopy
images at 40x magnification, showing the uptake of DiO-labeled OCI-LY3-derived exosomes by macrophages (MO

and M?2) after 4 h incubation

cells decreased (Figures 4 A, B). However, in the in-
direct co-culture of M2 macrophages and different
DLBCL subtype cells, in the group of macrophages
treated with the combination of lymphoma exo-
somes and IL-4/1L-13, the drug-induced apoptosis
of lymphoma cells increased (Figures 4 C, D). We
found that macrophages of different stages treat-
ed with lymphoma exosomes had different effects
on the drug-induced apoptosis of lymphoma cells
under the indirect co-culture conditions.

The effect of different DLBCL-derived
exosomes on p65(NF-kB) phosphorylation
in macrophages

To investigate the effect of lymphoma exo-
somes on the NF-kB signalling pathway in mac-
rophages, we cultured THP-1-derived MO macro-
phages with 150 pg/ml lymphoma exosomes, and
we detected the protein expression of phosphor-
ylation p65 and total NF-kB(p65) in these macro-
phages treated with OCI-LY1 exosomes. We found
that the expression of p-p65 in MO macrophages
treated with OCI-LY1 exosomes was significantly
upregulated (Figure 5 A), while the protein ex-
pression of total NF-kB(p65) was not significantly
altered. At the same time, we also detected the
NF-kB signalling pathway activated in M2 macro-
phages treated with OCI-LY1 exosomes, and found
that the protein expression of p-p65 was also sig-
nificantly upregulated, while total NF-kB(p65) did
not change (Figure 5 B). In addition, the mRNA
expression of related inflammatory factors down-
stream of NF-«B signalling was screened, and the
expression of IL-12, IL-6, and CXCL10 was signifi-
cantly upregulated (Figures 5 E, F).

To further confirm the effect of DLBCL exo-
somes on the NF-«xB signalling pathway in mac-
rophages, we used OCI-LY3-derived exosomes on
THP-1 derived macrophages of different stages.
OCI-LY3-derived exosomes were added to THP-1-

derived MO macrophages, and western blot anal-
ysis evaluated the protein expression of p-p65
and total NF-xB(p65) in these cells. We found
that the protein expression of p-p65 in MO mac-
rophages treated with OCI-LY3 exosomes was not
upregulated, and the protein expression of to-
tal NF-kB(p65) did not change significantly (Fig-
ure 6 A). However, in M2 macrophages treated
with OCI-LY3 exosomes, we found that the protein
expression of p-p65 was significantly upregulat-
ed, and total NF-kB(p65) protein expression did
not change (Figure 6 B). The mRNA expression of
inflammatory cytokines downstream of NF-«B sig-
nalling were also examined, and it was found that
the mRNA expression of IL-12, IL-6, and CXCL10
was significantly upregulated (Figures 6 E, F) in
macrophages of different stages treated with DL-
BCL exosomes. This indicated that different DLBCL
exosomes have different effects on activation of
p-p65 in macrophages of different stages in the
TME.

Discussion

Exosomes are bioactive vesicles that contain
abundant bioactive substance and play a key role
in the regulation of intercellular signal transduc-
tion [24, 25]. Tumour-derived exosomes are an
efficient platform for the transfer and exchange
of cellular contents between tumours and sur-
rounding cells in the TME, and they play a key role
in regulating the TME function [26]. In this study,
differential centrifugation, together with a com-
mercial kit, was used to isolate exosomes. A high
concentration of isolated and purified exosomes
was used for biological function assays. Currently,
CD9, CD63, CD81, and Hsp70 are commonly used
to identify exosomes. Here, CD9 and CD63 were
detected on the surface of isolated and purified
DLBCL-derived exosomes, confirming the success-
ful extraction of tumour exosomes.

Arch Med Sci



The impact of diffuse large B-cell ymphoma-derived exosomes on macrophage polarisation and cytokine release

OCI-LY1-co-cultured

MO: all events
107 5 =
F01-ULa 11%) Q1-UR(59.62%)
10° 3
< ]
Wi 10°
a 3
10° 4
10° 4 ) R,
= Ty b g
FO1-LL(32.35%) Q1-LR{6.92%)
A — T T
10° 10* 10° 10° 107
FITC-A
OCI-LY1-co-cultured
M2: all events
107 =
J01-UL(1.41%) Q1-UR(55.15%)
10° 4
< 5]
g 103
10%
10°
Q1-LR{5.73%)
10° 104 10° 100 107
FITC-A
0OCI-LY3-co-cultured
MO: all events
107 5
§ CN-UL(1.20 Q1-UR(54.54%)
10° 3
< ]
i 10° o
& 3
10*
103§ )
J01-LL(40.44%)° ‘Q1-LR
T —t=rrf Ty
10° 10* 10° 10° 107
FITC-A

PE-A

PE-A

107

10°

10°

10" =

10° %

107

10°

10°

10*

10°

107

10¢

10°

10*

10°

OCI-LY1-co-cultured
MO + LY1-exo: all event

01-UR(56.26%)

@1-UL(Z.76%)

R AT

RTINS

21-LK
STV T T
10° 10* 10° 10° 107
FITC-A
0OCI-LY1-co-cultured
M2 + LY1-exo: all events
G-UL(2.32%) Q1-UR(62.07%)

Q1-LR(2.69%)

."Q LERLRLLLLL | LA LLLL
10° 10* 10° 100 107
FITC-A
0OCI-LY3-co-cultured
MO + LY3-exo: all event
g Q1-UL(1.73%) Q1-UR(48.82%)
E
E
: 01-LR(2.31%)
T LLLLL B B AR R
10° 10* 10° 10° 107
FITC-A

Figure 4. Effect of macrophages treated with exosomes on apoptosis of DLBCL cells. A—OCI-LY1 cells were incubat-
ed in the upper transwell chamber and indirectly co-cultured with MO macrophages treated with OCI-LY1-derived
exosomes under the chamber for 24 h, before epirubicin was added for 24 h. The cells were analyzed by FCM.
B — OCI-LY1 cells were incubated in the upper transwell chamber and indirectly co-cultured with M2 macrophages
treated with OCI-LY1-derived exosomes under the chamber for 24 h, before epirubicin was added for 24 h. The cells
were analyzed by FCM. C — OCI-LY3 cells were incubated in the upper transwell chamber and indirectly co-cultured
with MO macrophages treated with OCI-LY3-derived exosomes under the chamber for 24 h, before epirubicin was

added for 24 h
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Figure 4. Cont. D — OCI-LY3 cells were incubated in the upper transwell chamber and indirectly co-cultured with M2
macrophages treated with OCI-LY3-derived exosomes under the chamber for 24 h, before epirubicin was added for
24 h. The cells were analyzed by FCM. The histograms of (E), (F), (G), and (H) represents the data of (A), (B), (C), and
(D), respectively. Results are presented relative to control (n = 3)

*P < 0.05; **p < 0.01; ***p < 0.001.

Within the cancer microenvironment, immune
cells often display altered phenotypes that con-
tribute to tumour progression through promotion
of tumour growth, migration, pre-metastatic niche
formation, and metastasis [27, 28]. Macrophages
are important immune cells in the TME and play
an important role in the formation of the inflam-

matory microenvironment and the development
of tumours. The pro-tumour response is induced
in immune cells by following direct or indirect
stimulation of cancer cells in the TME, and one
potential mechanism could be through the action
of tumour-derived exosomes [26]. Exosomes car-
ry a variety of genetic material, proteins, and lip-
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Figure 5. Effect of the subtype of DLBCL OCI-LY1-derived exosomes on phosphorylation of p65 and mRNA expres-
sion of IL-12, IL-6, and CXCL10 in macrophages. A — Expression of p-p65 in MO macrophages treated with OCI-LY1
exosomes. B — Expression of p-p65 in M2 macrophages treated with OCI-LY1 exosomes combined with IL-4/IL-13.
C — Densitometric analysis of p-p65 levels in MO macrophages treated with OCI-LY1 exosomes, normalized to
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*p < 0.05; **p < 0.01; **p < 0.001.
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ids, all of which may functionally alter recipient
cell phenotypes [29]. Aung et al. indicated that
B-cell lymphoma cell-derived exosomes could
transfer CD20, which combined with therapeutic
anti-CD20 antibodies protecting target cells from
antibody attack [30]. The dynamic interaction be-
tween tumours and TAMs coordinates key events
leading to tumourigenesis and drug-resistance
[31-33]. However, in the research field of DLBCL,
the underlying mechanisms of macrophages pro-
moting the progression of lymphoma in the TME
are unclear.

Herein, we have confirmed that exosomes de-
rived from DLBCL cells can be internalised by mac-
rophages in the TME with high efficiency. Next,
we investigated the role exosomes play in macro-
phages after they are internalised.

DLBCL-derived exosomes were collected to act
on macrophages, which were indirectly co-cul-
tured with corresponding lymphoma cells for 48 h,
and then the chemotherapy drug epirubicin was
added to these lymphoma cells and incubated for
24 h.Then, we assessed the growth and anti-apop-
totic ability of DLBCL cells through FCM. We found
that inactive MO macrophages treated with DLBCL
exosomes can enhance the resistance of lympho-
ma cells to drug-induced apoptosis and promote
the anti-apoptotic ability of lymphoma cells. How-
ever, for the M2 macrophages in the polarisation
stage, treatment with DLBCL exosomes enhanced
the drug-induced apoptosis of lymphoma cells
and did not promote the anti-apoptotic ability
of lymphoma cells. Therefore, we believe that in
the TME, DLBCL-derived exosomes have different
effects on macrophages of different stages, thus
having different effects on the drug-induced apop-
tosis of lymphoma. Related assays were conduct-
ed to assess the role of macrophages treated with
exosomes on the drug-resistance of lymphoma;
these showed that inactive MO macrophages that
internalise exosomes, whether from GCB subtype
OCI-LY1 or non-GCB subtype OCI-LY3 cells, can
promote drug-resistance in lymphoma. This study
provides important experimental support demon-
strating that inactive MO macrophages treated
with exosomes increases the drug-resistance of
lymphoma cells, which is vital for future research
into the potential underlying mechanisms of mac-
rophage drug-resistance in lymphoma.

The development of lymphoma is a very compli-
cated process. Many studies suggest that the TME
plays a key role in the formation of heterogene-
ity of lymphoma cells, and an immunosuppressed
microenvironment can promote the growth, me-
tastasis, and invasive ability of tumour cells [2, 3].
The composition of immune cells is complicated,
and macrophages are the main component [34].
We focused on the fundamental NF-xB pathway,

which is critical in the development of cancer, and
the expression of p-p65 and NF-kB(p65) protein
in different stages of macrophages treated with
DLBCL-derived exosomes. We found that in GCB
subtype OCI-LY1-derived exosomes applied to
MO macrophages, the expression of intracellular
p-p65 protein clearly increased, while the total
expression of NF-kB(p65) protein showed no ob-
vious change. When OCI-LY1-derived exosomes
were introduced to polarising M2 macrophages,
the expression of intracellular p-p65 protein was
similarly upregulated while the total expression of
NF-kB(p65) protein showed no obvious change.
The trend of p-p65 protein expression in macro-
phages at different stages treated with OCI-LY1-
derived exosomes is consistent. Together, the
activation of NF-xB signalling in macrophages
of different stages treated with OCI-LY1-derived
exosomes is at least partially induced by tumour
exosomes.

Additionally, we verified the effect of another
non-GCB subtype of DLBCL cells lines; OCI-LY3-de-
rived exosomes on macrophages in the TME were
investigated. We found that when OCI-LY3-derived
exosomes were applied to MO macrophages, the
expression of intracellular p-p65 protein did not
increase, while the total expression of NF-kB(p65)
protein showed no obvious change. When OCI-
LY3-derived exosomes were applied to polarising
M2 macrophages, the expression of intracellular
p-p65 protein was upregulated, while the total
expression of NF-xB(p65) showed no change. The
trend of p-p65 protein expression in macrophages
at different stages treated with OCI-LY3-derived
exosomes is inconsistent. Taken together, the
activation of NF-kB in macrophages of different
stages treated with OCI-LY3-derived exosomes
was different. In this study, inflammatory factors
in downstream NF-kB signalling pathway were
also assessed. The mRNA expression of IL-6, IL-12,
and CXCL10 was upregulated in macrophages
treated with different subtypes of DLBCL-derived
exosomes. These data suggest that the activation
of NF-kB in inactivated MO macrophages treated
with exosomes from different subtypes of DLB-
CL cells is different. Therefore, NF-kB signalling
is not the only signalling pathway for lymphoma
exosomes activating MO macrophages to release
more inflammatory factors. However, for the po-
larising M2 macrophages, lymphoma exosomes
from different subtypes of DLBCL cells can induce
the activation of NF-xB signalling in macrophages
to release more inflammatory cytokines.

In conclusion, this study shows that macro-
phages treated with DLBCL exosomes can produce
more proinflammatory cytokines (IL-6, IL-12, and
CXCL10), but exosomes from different subtypes
of DLBCL cells have different effects on the acti-
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vation of NF-xB signalling in macrophages at dif-
ferent stages. Exosomes from the GCB subtype of
DLBCL cells can activate NF-xB in macrophages at
different stages, while exosomes from non-GCB
subtype DLBCL cells only activate NF-xB signal-
ling in M2 macrophages that are in a phase of
polarisation. Our study was limited to the whole
exosome. The next step is to study how specific
contents of exosomes affect macrophage polari-
sation. Altogether, exosomes from different sub-
types of DLBCL cells can activate macrophages in
the microenvironment to produce more inflam-
matory cytokines, but the mechanisms regard-
ing the activation of NF-kB signalling in different
macrophage stages is different. This provides new
evidence in the study of exosome-mediated acti-
vation of macrophages in the TME and presents
new ideas for clinical intervention and treatment
of different subtypes of DLBCL.
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