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Expression of chemokine receptor CX3CR1 is reportedly restricted to several cell types including natural killer
cells, cytotoxic T cells, monocytes, and macrophages. However, its expression and function on exosomes, which
are nanosized extracellular vesicles known to act as mediators of intercellular communications, remain unclear.
Here, we investigated CX3CR1 expression on exosomes isolated from various cell types. Although we found that
all the exosomes tested in our study highly expressed CX3CR1, this chemokine receptor was expressed only

inside, but barely on, their source cells. Moreover, exosomal CX3CR1 was capable of binding soluble CX3CL1.
Therefore, our study suggests that CX3CR1 is a novel and ligand-competent exosome receptor.

1. Introduction

Extracellular vesicles are cell-released lipid-bilayer particles and
include exosomes, microvesicles, and apoptotic bodies that differ in size
(40 nm-5 pm) [1]. Among them, exosomes are the nanosized vesicles
(40 nm-150 nm) secreted after intracellular inbound sprouting of
endosomes or multivesicular bodies (MVBs) [2]. The exosomes are
effective at mediating cell-to-cell interaction by transporting bioactive
materials [3]. Intercellular transport of exosomal mediators in a para-
crine or autocrine fashion is thought to accelerate directional trafficking
of cancer cells [4]. Functional components contained within exosomes
may include integrins present on the surfaces and microRNAs (miRNAs)
inside vesicles. Exosomal integrins serve as a molecular signature,
particularly for organotropic metastasis; the integrins a6f4 (or a6p1)
and aVP5 of breast-cancer cell exosomes are necessary for lung- and
liver-tropic metastases, respectively [5]. T-cell exosomes expressing
integrin a4f7 negatively regulate the ligand expression in small in-
testines, presumably mediated by transferring functional miRNAs, and
inhibit the subsequent homing of lymphocytes to the tissue [6]. Thus,
exosomal integrins are involved in making pre-metastatic or pre-homing
niches and influencing recruited cells.

* Corresponding author.
** Corresponding author.

Apart from their functionality vis-a-vis integrins, chemokine re-
ceptors on exosomes have been shown to play a role in tissue-specific
homing or chemotaxis in both cells and exosomes. The CXCR4 and
CCR2 on bone-marrow stromal cell-derived exosomes exert a promoting
effect on the migration of multiple myeloma cells [7]. In addition, the
splenic accumulation of dendritic cell (DC)-derived exosomes is medi-
ated by CCR7 [8]. Exosomal chemokine receptors have been shown to be
crucial to the exosome-induced amelioration of certain disease models.
For example, mesenchymal stem cell-derived exosomes that highly ex-
press CCR2 mitigate both ischemia/reperfusion-induced renal injury
and post-stroke cognitive impairment, via limiting CCL2-mediated
macrophage activation [9,10]. In addition, the exosomes from mast
cells are believed to alter immune responses by using CCR1 [11]. These
reports show that multiple chemokine receptors play roles in deter-
mining the various functions of exosomes.

When cognate chemokines are bound, the chemokine receptors
present on the plasma membrane are generally internalized in early
endosomes and are then trafficked to MVBs [12]. These uptakes of
chemokine receptors to inner organelles and consequent elimination on
cell surface are indispensable physiological processes for restricting
chemokine access [12,13]. Chemokine receptors in the MVBs are
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degraded upon their fusion to lysosomes or are recycled on the cell
surface in order to refine receptor signaling after endosomal fusion to
the plasma membrane [14-17].

The chemokine receptor CX3CR1 mediates cell adhesion and traf-
ficking through its interaction with chemokine CX3CL1 (fractalkine)
[18]. CX3CR1 expression is detected by several cell types including
natural killer cells, cytotoxic T cells, monocytes, and macrophages
[18-20]. The binding of CX3CL1 to cellular CX3CR1 has been known to
affect the pathogenesis underlying inflammations and cancers [21-24].
In addition, the CX3CR1-CX3CL1 interaction has been found to be
critical for DC migration in inflamed lymphatics [25]. Lymphatic
endothelial cell-released exosomes have been shown to provide a
lymphatic environment such that the directional migration of
CX3CR1-expressing DCs is guided and augmented by inflammatory
conditions [26]. Nonetheless, the exosomal expression and function of
CX3CR1 remains to be elucidated.

Here, we examined the exosomal expression of CX3CR1 by using
many cell types, revealing its high expression by all the exosomes used,
and further showing the exosomal binding to CX3CL1. Based on the
compelling results obtained in this study, CX3CR1 represents a ligand-
competent chemokine receptor highly expressed by exosomes.

2. Materials and Methods
2.1. Cell culture

All the study has been done with mouse cell lines and primary cells,
unless otherwise specified. The spleen cells isolated were used for in vitro
culturing and activating primary T cells as previously described [6]. In
brief, after eliminating erythrocytes by using
ammonium-chloride-potassium (ACK) buffer (Thermo Fisher Scientific,
Waltham, MA, USA), the lymphocytes were subjected to resuspension in
RPMI1640 (Nacalai, Kyoto, Japan) containing 10% exosome-depleted
fetal bovine serum (FBS) (Equitech-Bio, Kerrville, TX, USA) and pen-
icillin/streptomycin (Nacalai). The cells were then plated on culture
dishes coated with anti-CD3 (3 pg/ml) and anti-CD28 (3 pg/ml) anti-
bodies (BD Biosciences, San Jose, CA, USA) in a 37 °C incubator with 5%
COy supply. T cells activated for 48 h were moved onto
antibody-uncoated dishes and further incubated for 72 h in the same
culture media supplemented with interleukin-2 (1 ng/ml) (R&D Sys-
tems, Minneapolis, MN, USA). As mentioned above, to eliminate extra-
cellular vesicles (EVs) including exosomes in FBS, FBS was centrifuged
at 76,000 g for 18 h at 4 °C using polypropylene centrifuge tubes
(Beckman Coulter, Brea, CA, USA), a swing bucket rotor (SW 28 Ti,
Beckman Coulter) and an L60 Ultracentrifuge (Beckman Coulter) and
the supernatant solution was filtered through 0.22-pm filter units
(Merck, Darmstadt, Germany). This filtrated FBS was considered to be
exosome-depleted and was used in this study for exosome isolation from
the cells.

Several mouse tumor cell lines including TK1, CT26.WT, EL4, LTPA,
and B16F10 cells were obtained from ATCC (Manassas, VA, USA).
RAW264.7 (mouse macrophages) and THP-1 (human monocytes) were
also from ATCC. MLO-Y4 (osteocyte) and MLO-A5 (osteoblast) cells
were purchased from Kerafast (Boston, MA, USA). All cells were
cultured, according to the manufacturers’ instructions, for 48 h in
RPMI1640, DMEM (Nacalai), or MEMa (Thermo Fisher Scientific) media
supplemented with 10% EV-depleted FBS and penicillin/streptomycin.

2.2. Mice

C57BL/6J mice (8-11 weeks old) were purchased from CLEA Japan
(Tokyo, Japan) and maintained at the Experimental Animal Facility of
Mie University. Experimental animal protocols were approved by the
Ethics Review Committee for Animal Experimentation of Mie University
(Approval number: #27-6-2). Spleens, bone marrows, and lungs were
separated from the mice and used to isolate cells by using a mechanical
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dissociation with Falcon 40-pm cell strainers (Corning, Glendale, AZ,
USA). The media collected in the cell isolation procedure were used to
isolate exosomes (see section 2.3. for detail).

2.3. Isolation and characterization of exosomes

Exosomes were isolated as previously described with minor changes
[6,27,28]. Briefly, culture media were centrifuged at 1000 g for 10 min
at 4 °C to remove cells. The supernatant was spun at 2000 g for 20 min at
4 °C to eliminate apoptotic bodies. The supernatant was centrifuged in
an L60 Ultracentrifuge (Beckman Coulter) at 24,000 g for 20 min at 4 °C.
The supernatant was then subjected to a second centrifugation at 110,
000 g for 2 h at 4 °C. The pelleted exosomes were subsequently sus-
pended in phosphate-buffered saline (PBS) buffer (Nacalai). In turn, this
exosome solution was passed through a 0.22-pm filter unit and spun at
110,000 g for 2 h at 4 °C. The pellet (exosomes) was suspended in PBS
buffer. The concentration was measured with a bicinchoninic acid pro-
tein assay kit (Thermo Fisher Scientific). The particle size was charac-
terized by using a dynamic light scattering (DLS) device (Horiba, Kyoto,
Japan).

2.4. Exosome conjugation with microbeads

The exosomes were conjugated to 4-uym latex beads for efficient
detection and then stained with fluorescently labeled monoclonal anti-
bodies as previously shown [6]. In brief, after standardizing all different
exosomes equally at 0.5 mg/ml in PBS, the exosomes (5 pg) were con-
jugated to microbeads (10 pl) (Thermo Fisher Scientific) in 1 ml of PBS
by incubating the mixture for 2 h using a tube rotator and then blocked
by an incubation with 100 mM glycine for 30 min. The exosomes were
washed three times with PBS containing 0.5% bovine serum albumine
(Sigma, St. Louis, MO, USA). The same amounts of exosome samples (5
ng) coupled to 10 pl latex beads were subjected to flow cytometry below
so that the expressions are detected feasibly at comparable amounts of
exosomes. In some experiments, 1 ml of PBS, 1 ml of EV-depleted FBS, or
1 ml of FBS were conjugated with 10 pl latex beads as done with the
same methods as exosomes and then assessed for any expressions via
using flow cytometry.

2.5. Flow cytometry analysis

Antibodies to CD9 (HI9a), CD63 (NVG-2), CD63 (H5C6), CD81 (Eat-
2), CCR9 (9B1), CXCR4 (L276F12), and CX3CR1 (SA011F11) were
purchased from BioLegend (San Diego, CA). Isotype controls including
Rat IgG2a, Rat IgG2b, Armenian Hamster IgG, Mouse IgG2a, and Mouse
IgG1 were also from BioLegend. The antibody to CD9 (KMC8) was ob-
tained from BD Biosciences. The antibodies to CCR7 (4B12), CCR10
(248918) were acquired from R&D Systems. The cells or microbead-
conjugated exosomes were stained with the fluorescently labeled anti-
bodies, washed twice with PBS containing 2% FBS and 2 mM ethyl-
enediaminetetraacetic acid (EDTA) (Wako, Osaka, Japan), and analyzed
by using BD Accuri C6 flow cytometer and software (BD Biosciences).
For this method of microbead conjugation of exosomes, only positive
events can be detected and fluorescently quantified in the flow cytom-
etry. In some experiments, total (intracellular plus surface) staining
experiment was done by using FIX and PERM Kit (Thermo Fisher Sci-
entific) according to manufacturer’s instructions.

2.6. Binding assay

The exosomes conjugated to the microbeads were incubated with
recombinant mouse fractalkine-His (R&D Systems) at 37 °C for 1 h,
washed once with PBS containing 2% FBS and 2 mM EDTA, and labeled
with phycoerythrin (PE)-anti-His Tag antibody (Biolegend). After wash,
fluorescence intensity for fractalkine binding was analyzed by using BD
Accuri C6 flow cytometer and software.
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3. Results and discussion

3.1. T-cell exosomes exhibit marked expression of chemokine receptor
CX3CR1

To characterize the exosomes, we examined expression of tetraspa-
nin markers (e.g., CD9, CD63, CD81, etc.). All the exosomes isolated
from different types of mouse cells used in this study were positive for
indicated tetraspanins, although they exhibited the expression levels
different depending on source cells (Fig. 1A-D). We then examined the
diameter, using DLS, of the exosomes including those which were iso-
lated from TK1, EL4, B16F10, and CT26.WT cells. The exosomes from
those cell types had similar and typical diameters (100-150 nm) (Sup-
plemental Fig. 1). In our previous report, TK1 and T-cell exosomes were
already validated for their particle number and size as well as CD9 and
Alix expression by using nanoparticle tracking analysis (NTA) and
Western blot analysis, respectively [6]. Taken together, the nanosized
EVs (exosomes) used in current study were confirmed for their size and
marker expression.

We sought to examine expression pattern of selected chemokine re-
ceptors on T-cell exosomes that were isolated from activated primary T
cells [6]. We discovered that chemokine receptors including CCR7,
CCR9, CCR10, and CXCR4 were barely expressed on the T-cell exosomes
(Fig. 2A). However, the expression of chemokine receptor CX3CR1
proved remarkable on the exosomes (Fig. 2A). We next asked if these
chemokine receptor expression patterns were evident on the exosomes
isolated from T-cell lines such as TK1 and EL4 cells. While TK1 and EL4
exosomes exhibited slight expression of CXCR4 and little or no expres-
sions of CCR9, CCR7, and CCR10, both exosomes also showed marked
expression of CX3CR1, as did primary T cells (Fig. 2A). Together, the
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exosomes of mouse T cells and two T-cell lines, which were confirmed to
be positive for CD9 and CD81 (Fig. 1A), expressed an extraordinary level
of CX3CR1. We next examined these chemokine receptor expression
patterns on exosomes of macrophage (RAW264.7) after validation of
exosome marker expression (Fig. 1C). Moderate levels of CX3CR1, but
no expressions of other receptors, were detected on RAW264.7 exo-
somes (Fig. 2B). In terms of CX3CR1 expression by the exosomes of
immune cells such as T cells and macrophage, these results suggest that
CX3CRI1 is superior to other chemokine receptors.

3.2. Expression of CX3CR1 within, but not on, the cells reflects its
preferential distribution on exosomes

We next inquired whether CX3CR1 levels are intracellularly sus-
tained, by using two T-cell lines (TK1 and EL4). Expressions of CCR9,
CXCR4, and CX3CR1 were poor on the surface of TK1 and EL4 cells,
except for CXCR4, which was moderately expressed by EL4 cells
(Fig. 3A). In the case of CXCR4, both exosomes were able to acquire it at
slight but comparable level, although only EL4 cells exhibited high
CXCR4 expression in their outer and inner compartments (Figs. 2A &
3B). Also, TK1 and EL4 cells appear to seldom share intracellular CCR9
with their exosomes, despite the fact that its intracellular expression was
ample (Figs. 2A & 3B). Both T cells contained considerable total levels of
CCR9, CXCR4, and CX3CR1 (Fig. 3B), implying that CX3CR1-positive
compartment is restricted to intracellular region. Conroy et al. have
shown that soluble CX3CL1 engages in CX3CR1 internalization into
human memory T cells and keeps this receptor level low on their surface
[29]. However, because we didn’t treat chemokine to activate cells in
this study, no expression of CX3CR1 on surface of TK1 and EL4 cells
(Fig. 3A) is unlikely due to chemokine-induced internalization.

Fig. 1. Expression of tetraspanins on exosomes
isolated from mouse cells. The exosomes were iso-
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Fig. 2. Expression of selected chemokine re-
ceptors on mouse T-cell and two T-cell line exo-

CCR7 CCR9 CCR10 CXCR4 CX3CR1 somes and macrophage exosomes. The exosomes
‘g T-cell were isolated from the culture media of T cells
8 | exosomes (activated T cells, TK1 cells, and EL4 cells) (A) and
macrophage (RAW264.7) (B), immobilized on
e B L w—— microbeads, and stained with the indicated mono-
CCR7 CCR9 CCR10 clonal antibody (MAD) (see Materials and Methods for
= ) details). Exosomal expressions of chemokine re-
3 | 1* TKA1 ceptors were examined by using flow cytometry
O J exosomes analysis. CCR9, C-C chemokine receptor type 9;
CXCR4, C-X-C chemokine receptor type 4; and
CX3CR1, C-X3-C motif chemokin receptor 1. Flow
CCR7 CCR9 CCR10 cytometry histograms show the expression of the
= | EL4 indicated chemokine receptors. Data are representa-
8 i tive of three separate analyses. Red lines, MAb; and
S SKES0MBS black lines, isotype. (For interpretation of the refer-
& e e ences to colour in this figure legend, the reader is
referred to the Web version of this article.)
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Fig. 3. Expression of CCR9, CXCR4, and CX3CR1 by TK1, EL4, and RAW264.7 cells. Expressions of CCR9, CXCR4, or CX3CR1 on surface (A&C) or total
(intracellular plus surface) compartments (B&D) of TK1 and EL4 (A&B), and RAW264.7 (C&D) cells were measured by using flow cytometry. CCR9, C-C chemokine
receptor type 9; CXCR4, C-X-C chemokine receptor type 4; and CX3CR1, C-X3-C motif chemokin receptor 1. Flow cytometry histograms show the expression of the
indicated chemokine receptors. Data are representative of three separate analyses. Red lines, MAb; and black lines, isotype. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

Some of macrophages have been known to express CX3CR1 [30,31].
Using RAW264.7 cells, we sought to determine chemokine receptor
expression on surface and in intracellular region. Intriguingly, sub-
stantial amounts of CX3CR1 were expressed on the surface (Fig. 3C) and
much higher CX3CR1 expression was detected after permeabilization of
RAW264.7 cells (Fig. 3D), suggesting a balanced CX3CR1 distribution in
both compartments of RAW264.7. But, neither CCR9 nor CXCR4 was
detected on the surface (Fig. 3C), and only a tiny degree of both re-
ceptors was contained in the intracellular region of RAW364.7 cells,
compared to TK1 and EL4 cells (Fig. 3B&D).

CX3CR1 was superior to other chemokine receptors in its exosomal
acquisition, suggesting the possibility that the intracellular compart-
ment of this chemokine receptor might largely be restricted to the
membrane of MVBs [32-34]. In this regard, the distribution of intra-
cellular CX3CR1 appears to be biased toward the endosomal membranes
of TK1 and EL4, instead of toward the plasma membranes. The CX3CR1
expression by exosomes and intracellular compartments was unequiv-
ocal compared to other chemokine receptors (CCR9 and CXCR4).
Consequently, CX3CR1 represents a distinctive chemokine receptor
preferentially expressed on the exosomes of immune cells such as T cells
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and macrophage. Indeed, chemokine receptors may harbor completely
different characteristics depending on their relocation to the intracel-
lular, membrane-bound extracellular, or endosomal compartments.
Although the factors that determine the spatial relocation of different
chemokine receptors remain unknown, only in CX3CR1 intracellular
and exosomal expression levels synchronized. Unlike T cells, the mac-
rophages (RAW264.7) expressed moderate levels of CX3CR1 on both
cell surface and exosomes, possibly implying a reciprocal association
between internalization and exosomal expression of this chemokine
receptor. The spatially distinctive expression patterns of these three
chemokine receptors of TK1, EL4, and RAW264.7 cells and exosomes are
summarized in Table 1.

3.3. CX3CRI1 represents a highly expressed chemokine receptor on
exosomes

To determine whether CX3CR1 expression by exosomes is limited to
those isolated from the aforementioned cell types or is otherwise
widespread, we used various cell lines to isolate their exosomes sepa-
rately and examined their expression levels of CX3CR1, CCR9, and
CXCR4. The exosomes from several cancer cells including B16F10
(mouse melanoma; epithelial-like cells), CT26.WT (mouse colon carci-
noma; fibroblasts), and LTPA (mouse pancreatic adenocarcinoma;
epithelial cells) were chosen to test their chemokine-receptor expression
levels. These cancer-cell exosomes were found to express typical tetra-
spanins with some variations depending on their parent cell types
(Fig. 1B). We found that all of the exosomes exhibited expression pat-
terns that were similar to each other, in which high levels of CX3CR1
and no or only minute levels of CCR9 and CXCR4 were detected
(Fig. 4A). Moreover, the exosomes isolated from two non-cancer bone
cell lines, MLO-Y4 (mouse osteocytes) and MLO-A5 (mouse osteoblasts)
(Fig. 1C), displayed a similar trend in expressing considerable levels of
CX3CR1 and little levels of CCR9 and CXCR4 (Fig. 4A). Therefore, these
results raise a possibility that CX3CR1 is a prominent chemokine re-
ceptor highly expressed by the exosomes isolated from all of the cell
types examined in this study.

Next, we isolated the exosomes from spleen, bone marrow (BM), and
lung cells of mice and then confirmed for their CD9 and CD63 expres-
sions (Fig. 1D), in order to further validate the prevalent CX3CR1
expression on primary-cell exosomes which are presumably derived
from multiple cellular sources. To this end, we assessed surface and total
(intracellular plus surface) expression levels. The level of CX3CR1 was
retained in the intracellular compartments of all three tissues to a high
degree, while the levels on the cell surface proved extremely low
compared to those inside the cells (data not shown), like all of the other
cells tested. Intriguingly, their exosomes expressed a remarkable level of
CX3CR1, while their expression levels of CCR9 and CXCR4 were

Table 1
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negligible by comparison (Fig. 4B), suggesting that all of the exosomes
tested in this study were intensely positive for CX3CR1.

In order to rule out a possibility that this marked CX3CR1 expression
of the exosomes may be manifested due to any remaining EVs in their
depleted FBS supplemented to culture media, we next decided to test
this. PBS (1 ml), PBS (1 ml) plus EL4 EV sample (5 pg), EV-depleted FBS
(1 ml), and FBS (1 ml) were first coupled to 10 pl latex beads as done
with the same methods as exosomes. Then, all samples stained equally
for CX3CR1 as well as CD9 and CD63 were analyzed using flow
cytometry. On note, all three samples except for EL4 EV-containing
conjugates did not show any positive signals for the expression of
CD9, CD63, and CX3CR1 (Supplemental Fig. 2A). Therefore, these re-
sults suggest that expressions of CX3CR1 as well as tetraspanins are
inherent to exosomes and unlikely affected by the possibly remained
FBS-EVs in the culture media used in this study. Still, it will be worthy to
carefully investigate the remaining EV levels in the FBS in near future
[35,36].

Furthermore, because expression of CX3CR1 was remarkable on all
the exosomes tested in current study, it may be open to question that the
anti-CX3CR1 antibody is too blunt to discriminate the exosomes positive
from negative for mouse CX3CR1. We thus tested this by using the
exosomes isolated from THP-1 cells (human monocytes) as a negative
control, despite CX3CR1 expression on human exosomes remains
obscure and should be carefully determined in a separate experimental
setting in near future. THP-1 exosomes positive for human CD9 and
CD63 were negative for CX3CR1 (Supplemental Fig. 2B), indicating that
the antibody to CX3CR1 used in this study was positive only to all tested
mouse eXosomes.

3.4. Exosomal CX3CR1 is capable of binding soluble CX3CL1

To examine the function of exosomal CX3CR1, we explored its
binding to fractalkine (CX3CL1), a ligand unique to CX3CR1 [18]. We
chose the exosomes isolated from TK1 and CT26.WT cells, which
represent different lineages, lymphoid and myeloid, respectively, to
ascertain their common activity despite being from distant sources. We
conducted the binding assasy by using flow cytometry. The
microbead-conjugated exosomes were incubated with recombinant
fractalkine tagged by six histidine residues followed by fluorescently
labeled anti-His Tag antibodies. The binding levels were measured by
their fluorescence intensities. As shown in Fig. 5A, both exosomes
exhibited an increase in their fluorescence intensities, which indicated
binding to soluble fractalkine, possibly through exosomal CX3CRI1.
These results suggest that the exosomes from two different source cells
were able to bind CX3CL1 through CX3CR1, possibly at comparable
levels of adhesiveness.

Based on the results shown in this study, two possibilities regarding

. Comparison of CCR9, CXCR4, and CX3CR1 for their spatially distinctive expressions in TK1, EL4,

and RAW264.7 cells.
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Fig. 4. Expression of CCR9, CXCR4, and CX3CR1
on the exosomes of various cell types. The exo-
somes isolated from the culture media of various cell
types after being cultured for 48 h were immobilized
on microbeads and stained with the indicated
monoclonal antibody (MAb) (see Materials and
Methods for details). The expression levels of those
chemokine receptors on the exosomes of several
mouse cell lines (B16F10, CT26.WT, LTPA, MLO-Y4
and MLO-A5) (A) and mouse primary cells isolated
from spleen, bone marrow, and lung (B) were
measured by using flow cytometry. The exosomes
were immobilized on microbeads, stained with the
indicated MAD, subjected to flow cytometry and
analyzed for the expression of those chemokine re-
ceptors. CCR9, C-C chemokine receptor type 9;
CXCR4, C-X-C chemokine receptor type 4; and
CX3CR1, C-X3-C motif chemokin receptor 1. Flow
cytometry histograms show the expression of the
indicated chemokine receptors. Data are representa-
tive of three separate analyses. Red lines, MAb; and
black lines, isotype. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 5. Exosomal binding to CX3CL1 and a pro-
posed model illustrating the effects of exosomal
CX3CR1. (A) The microbead-conjugated exosomes
were incubated with or without soluble recombinant
CX3CL1 that contained C-terminal six histidine resi-
dues and then stained anti-His Tag labeled with
phycoerythrin. Exosomal binding was determined by
using flow cytometry analysis. Data are representative
of three separate analyses. (B) The binding of
membrane-bound or soluble CX3CL1 to cellular
CX3CR1 may lead to internalization of CX3CR1 in

/
Fluorescence intensity Endocytosis f Exosome-induced
/ Exocytosis attenuation of early endosomes and trafficking to MVBs, thereby
— CX3CL1 (1) " Recycling / [TectakneBlioels downregulating its level on the cell surface. Intracel-
— CX3CL1 (+) endosome lular CX3CR1 can be degraded upon MVB fusion to
3 Degradation lysosomes or recycled to the plasma membrane. By
Early endosome —_ contrast, MVBs undergo fusion to plasma membranes
via exocytosis in order to release exosomes. As a
Late endosome (MVB i inci i
Source cell (MVB) compelling and convincing scenario, those exosomes

Lysosome

the regulatory function of CX3CR1-expressing exosomes can be raised.
First, those exosomes expressing CX3CR1 are thought to bind both
membrane-bound and soluble CX3CL1 produced by counterpart cells
before do source cells. The exosomes isolated from the two selected cell
types proved to be capable of binding recombinant CX3CL1 (Fig. 5A),
thus supporting this hypothesis. Second, fractalkine binding of the
exosomes may deprive their source cells of the chance to bind this
chemokine, which may attenuate fractalkine-triggered pathophysio-
logical effects. The proposed model illustrating the impact of exosomal
CX3CR1 on fractalkine binding and intracellular pathways is shown in
Fig. 5B.

Ours is the first study to report exosomal expression of chemokine
receptor CX3CR1. In particular, CX3CR1 was prevalently and highly
expressed by all of the exosomes isolated from the different cell types
tested in this work. The various source cells contained high level of
CX3CR1 in their intracellular compartments, presumably on the mem-
brane of MVBs, which are the exosomal reservoirs inside cells. More-
over, those exosomes were capable of binding fractalkine. Our study
concludes that CX3CR1 is a novel and ligand-competent molecule of

highly expressing CX3CR1 bind CX3CL1 to regulate
fractalkine-triggered signaling to their source cells.
Thus, fractalkine binding by exosomes may prevent
intercellular CX3CR1/CX3CL1 crosstalk. This hy-
pothesis represents a novel model for exosomal
downregulation of fractalkine’s effects on source cells.

exosomes. In future investigations, it would be worthwhile to elucidate:
i) the underlying mechanisms by which CX3CR1 expression is main-
tained at such high levels on all of the exosomes; and ii) the exosomal
impact on any functional changes undergone by the cells or tissues that
express membrane-bound CX3CL1.
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