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Exosomes derived from nasopharyngeal carcinoma cells
induce IL-6 production from macrophages to promote

tumorigenesis
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Chronic inflammation in the tumor microenvironment can
promotes tumorigenesis. Various immune cells, including macro-
phages, can infiltrate into the tumor microenvironment and
secrete abundant inflammatory cytokines.' Interleukin-6 (IL-6) is a
major inflammatory cytokine that is widely involved in the
tumorigenesis of many cancers, including nasopharyngeal carci-
noma (NPC).2 In NPC patients, serum IL-6 was elevated and
positively correlated with poor prognosis, suggesting that IL-6 may
play a critical role in NPC progression.>* Indeed, previous studies
demonstrated that IL-6 could activate signal transducer and
activator of transcription 3 (STAT3) and promote the proliferation,
migration, and invasion of NPC cells.> However, the mechanism
underlying the upregulation of IL-6 in NPC remains elusive.

Within solid tumors, tumor-associated macrophages (TAMs) are
the most abundant immune cell type that can be affected by tumor
factors and produce abundant inflammatory cytokines, including IL-
6, to support tumorigenesis.* For example, human hepatocellular
carcinoma (HCQ) cells could significantly enhance macrophages to
produce IL-6, which subsequently induced the expansion of HCC
stem cells.”> Moreover, colorectal cancer cells could secrete CCL2 to
recruit TAMs, which further produced abundant IL-6.° This evidence
highlights the protumoral role of macrophages in the tumor
microenvironment by producing IL-6. However, it is still not clear
whether IL-6-producing macrophages in the tumor microenviron-
ment are involved in NPC development and progression.

Exosomes are endosome-originating small extracellular membrane
vesicles (20-200 nm) that mediate intercellular communications.
Cancer cells generate abundant exosomes into the tumor micro-
environment to mediate tumor-host crosstalk.” Through transferring
pathogenic signals from cancer cells to immune cells, tumor-derived
exosomes can modulate tumor immunity by enhancing opsonization,
regulating antigen presentation, and inducing immune activation or
suppression.® NPC-derived exosomes (NPC-Exos) can also regulate
tumor immunity. NPC-Exos can hamper antitumor immunity by
preventing Th1 differentiation through secretion of immunomodu-
latory exosomal miRNAs and proteins to T cells.® In addition, NPC-
Exos can induce and recruit human regulatory T cells to support
immune evasion.'® However, it is unknown whether NPC-Exos can
modulate macrophages to produce IL-6. In this study, we investigated
the role of NPC-Exos in IL-6 production from macrophages and their
subsequent effects on NPC tumorigenesis.

Exosomes of an immortalized normal nasopharyngeal epithelial
cell line (NP69-Exos) and two undifferentiated NPC cell lines

(NPC43-Exos and C666-1-Exos) were isolated from conditioned
culture medium using differential ultracentrifugation. Electron
microscopy revealed that the ultracentrifuged vesicles from NP69,
NPC43, and C666-1 had similar cup-shaped morphology with
ranges of ~20-200 nm (Fig. 1a), which are the typical character-
istics of exosomes. For further characterization, the ultracentri-
fuged vesicles were bound to latex beads and subjected to
analysis of exosomal markers using flow cytometry. The analysis
identified robust expression of exosomal markers CD63 and CD81
on all three types of vesicles (Fig. 1b), indicating the successful
isolation of exosomes. To compare the uptake efficiencies of
NP69-Exos, NPC43-Exos, and C666-1-Exos by macrophages, the
exosomes were labeled with CFSE and then added to the culture
medium of THP-1-macrophages for 18 h. Pellets isolated from
nonconditioned exosome-free medium by differential ultracen-
trifugation were used as controls. The results indicated that all
three types of exosomes were efficiently taken up by macro-
phages (Fig. 1c). Then, we determined the effects of NPC-Exos on
IL-6 production from macrophages. The same amounts of NP69-
Exos, NPC43-Exos, and C666-1-Exos were used to treat THP-1
macrophages. Twenty-four hours later, the supernatant was
harvested for IL-6 detection. NP69-Exos, NPC43-Exos, or C666-1-
Exos only contained a very small amount of IL-6 (Fig. 1d). NP69-
Exos could not stimulate macrophages to produce IL-6, while both
NPC43-Exos and C666-1-Exos induced macrophages to produce a
large quantity of IL-6 (Fig. 1d), indicating that exosomes derived
from NPCs were more capable of inducing macrophages to
produce IL-6 than exosomes from normal epithelial cells. GW4869,
an exosome secretion inhibitor, could block exosome secretion
from the NPC cell line C666-1 (Fig. 1e). Compared with C666-1
alone or DMSO-treated C666-1 cells, GW4869 significantly ham-
pered the capacity of C666-1 cells to induce IL-6 production by
macrophages (Fig. 1f), supporting the importance of exosomes
from NPCs in the induction of IL-6 production in macrophages.
Taken together, these findings demonstrated that NPC cells can
secrete exosomes to induce macrophages to produce IL-6. As IL-6
is a protumoral cytokine for NPC,>"" it may further promote the
tumorigenesis of NPC. To confirm this, we harvested the super-
natant from C666-1-Exos-treated macrophages (C666-1-Exos-Meg-
SN) and determined its effects on the malignant behaviors of NPC
cells. Medium alone or recombinant IL-6 treatment was used as a
control. Similar to IL-6 treatment, C666-1-Exos-M@-SN significantly
promoted the malignant behaviors of NPC cells, including colony
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Fig. 1 NPC-Exos induce IL-6 production from macrophages to promote tumorigenesis. a The morphology of NP69-Exos, NPC43-Exos, and C666-
1-Exos was determined by transmission electron microscopy. Scale bar, 50 nm. b Expression of exosomal markers of CD63 and CD81 on exosomes
was measured by flow cytometry. ¢ CFSE-labeled exosomes were cultured with THP-1 macrophages for 18 h. The CFSE-positive cells were then
detected by flow cytometry. d Expression of IL-6 in exosomes (NP69-Exos, NPC43-Exos, C666-1-Exos) or the supernatant from THP-1 macrophages
treated with exosomes for 24 h. e Expression of CD63 and CD81 on ultracentrifuged vesicles isolated from the conditioned culture medium of
C666-1 cells pretreated with GW4896, DMSO, or PBS for 6 h. f Expression of IL-6 in the supernatant from THP-1 macrophages treated with
ultracentrifuged vesicles isolated from C666-1 cells that had been preincubated with GW4896, DMSO, or PBS for 6 h. The cell proliferation (g),
migration (h) and invasion (i) of NPC cells (C666-1) treated with medium, recombinant human IL-6, supernatant from macrophages pretreated
with C666-1-Exos, or supernatant from C666-1-Exos-pretreated macrophages plus anti-IL-6 (alL-6) blocking antibody or its isotype (Iso) were
determined by colony formation, wound-healing, and transwell invasion assays. Data are expressed as the means + SEM and representative of
four independent experiments. *p < 0.05; **p < 0.01; ***p < 0.001. NS not significant, Exos exosomes, Mg macrophages, SN supernatant
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formation, migration, and invasion (Fig. 1g-i). More importantly,
neutralization of IL-6 in C666-1-Exos-M@-SN cells using an anti-IL-6
blocking antibody significantly attenuated its protumoral effects
on NPC cells (Fig. 1g-i), suggesting that the protumoral activity of
C666-1-Exos-M@-SN was mainly mediated by IL-6.

Although exosomes derived from some tumors have been
found to induce inflammatory cytokines from tumor-infiltrated
immune cells,'? no studies are available on the effects of NPC-Exos
on IL-6 production in macrophages. In addition, the effect of IL-6
secreted from macrophages on NPC tumorigenesis remains
unknown. In this study, we demonstrated for the first time that
exosomes derived from NPC cells significantly induced IL-6
production from macrophages, which urged us to determine its
subsequent effect on NPC tumorigenesis because IL-6 can serve as
a growth factor for many tumor types. Indeed, enhanced IL-6
signaling has been found to promote NPC tumorigenesis both
in vitro and in vivo through STAT3 activation.> More importantly,
stable EBV infection in nasopharyngeal epithelial cells potentiated
their responses to IL-6-induced STAT3 activation and promoted
malignant properties, suggesting that the activation of IL-6
signaling might also be involved in the early stage of NPC
development? Here, we found that NPC-Exos-induced IL-6
production from macrophages significantly increased the malig-
nant behaviors of NPC cells. These results emphasize the
importance of tumor-derived exosomes on NPC development
and progression by promoting the production of inflammatory
cytokines. Furthermore, we found that only NPC-Exos could
induce IL-6 production from macrophages, whereas NP69-Exos
did not. Since NPC-Exos had similar morphology and expression of
exosomal markers to NP69-Exos and both NPC-Exos and NP69-
Exos had similar uptake efficiencies by THP-1-macrophages, our
results suggested that the difference in the ability of NPC-Exos to
induce IL-6 production in macrophages was probably due to their
distinct exosomal contents, such as mRNA, proteins, microRNA,
metabolites, and DNA. To further clarify the detailed mechanisms
of how NPC-Exos induce IL-6 from macrophages, more efforts
should be made to provide comprehensive information about the
contents of NPC-Exos. Although novel therapeutic approaches
against EBV-associated tumors are developing rapidly,'® progress
in NPC is relatively slow. Considering the protumoral activity of
NPC-Exos through inducing IL-6 production from macrophages,
targeting tumor exosomes may be an effective therapeutic
approach for NPC treatment and warrants future investigation.
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