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ABSTRACT
Efferocytosis—the phagocytic removal of apoptotic cells—is required for preventing the
presentation of apoptotic cell-derived antigens. This process is regulated by Rab17-dependent
sorting of efferocytosed cargos from the phagolysosome to recycling endosomes. In this study we
demonstrate that Rab17 is rapidly recruited to efferosomes, followed by migration of the
efferosome to the cell center where it intermixes with lysosomes and undergoes Rab17-dependent
vesiculation. These efferosome-derived vesicles then traffic in a Rab17-dependent manner to the
cell periphery, where they transfer cargo to recycling endosomes. Combined, our observations
support a model wherein efferosomes migrate to the cell center to acquire degradative enzymes,
followed by peripheral migration to prevent further phagolysosome maturation and to enable
cargo transfer to recycling endosomes.
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Introduction

In multicellular organisms the uptake of external materi-
als through phagocytosis fulfills 2 functions: host defense
and the clearance of apoptotic cells and debris.1,2 Profes-
sional phagocytes such as macrophages or dendritic cells
internalize and destroy pathogens3 and present antigens
to initiate adaptive immune responses.1,4 Phagocytes also
engage in efferocytosis—the phagocytosis of apoptotic
materials,1,5-7 but whereas pathogen phagocytosis results
in immune activation and antigen presentation, efferocy-
tosis is anti-inflammatory and does not elicit antigen-
specific immunity.8-10 Differential processing of antigens
following phagocytosis versus efferocytosis is essential in
maintaining immune silence, with defects in this process
associated with inflammatory and autoimmune diseases
including rheumatoid arthritis, and atherosclerosis.7,11,12

Phagocytosis is an actin-dependent process regulated
by Rho family GTPases.6,13 Following recognition of a
target by phagocytic or efferocytic receptors (reviewed in
refs. 8 and 14, Rac1 and Cdc42 mediate target internali-
zation into a phagosome or efferosome,6 which then
mature through a shared maturation pathway regulated
by the sequential acquisition of the GTPases Rab5 and
Rab7.15,16 Active Rab7 mediates fusion with lysosomes,17

resulting phagolysosome formation wherein cargo degra-
dation and generation of antigen peptides occurs.1,18

Thereafter, phagolysosomes evolve into a major histo-
compatibility complex II (MHC II) loading compart-
ment, forming immunogenic MHC II-peptide
complexes,18 a process not observed with effero-
somes.9 The migration and fusion of the maturing
phagosome with parts of the endolysosomal system is
central to phagosome maturation and the processing
of antigens,1,2 and is driven by the dynein-dependent
migration of nascent phagosomes from the cell
periphery to the perinuclear area where phagosome-
lysosome fusion occurs.19 The recruitment of dynein
is dependent on Rab7 and its effector RILP, with
lysosomes lacking either Rab7 or RILP exhibiting
defects in perinuclear trafficking, lysosomal fusion,
acidification and cargo degradation.17,20

We have previously shown that Rab17 is selectively
retained on the surface of efferosomes and functions to
prevent the formation of the MHC II loading compart-
ment.21 Rab17 is a small GTPase, first identified in epi-
thelial cells,22,23 that has been implicated in the
regulation of transcytosis,24,25 dendrite formation in hip-
pocampal neurons,26 and melanosome exocytosis.27
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Rab17 plays a key role as a regulator of basolateral to api-
cal transport in polarized cells for cargos such as immu-
noglobulin A. Furthermore, it co-localizes with the
recycling endosome markers transferrin receptor (TfR)
and FcLR chimeric receptor,28 suggesting that it mediates
trafficking of material through the recycling endosome
network. Although the regulation of Rab17 remains only
partially characterized, it is established that Rab17 can be
activated by the guanine exchange factor Rabex5,29 and
mediates vesicular fusion through syntaxin 2.22 As
Rab17 is an important regulator of the migration and
fusion of intracellular vesicles and functions to direct
efferocytic cargo away from the MHC II loading com-
partment, we investigated the mechanism by which
Rab17 regulates the transfer of efferosome cargos to recy-
cling endosomes and away from the canonical phagoly-
sosome maturation pathway.

Results

Rab17 sorts materials on maturing efferosomes

We previously demonstrated that Rab17 is rapidly recruited
to efferosomes, where it mediates the transfer of degraded
apoptotic cell materials from the efferosome to recycling
endosomes.21 Here, we sought to elucidate the mechanism
by which Rab17 mediates the transfer of materials from
efferosomes to recycling endosomes. Firstly, the distribution
of Rab17 relative to recycling endosomes (demarcated by
transferrin receptor, TfR) and plasma-membrane derived
vesicles (demarcated by PM-RFP) was assessed in resting
macrophages. PM-RFP was excluded from Rab17C vesicles
(Fig. 1A, C); more interestingly, while all but a minute por-
tion of Rab17C vesicles were positive for TfR, there was a
significant portion of TfRC vesicles which lacked Rab17
(Fig. 1B, C). Therefore, in resting macrophages, Rab17
demarcates a subset of the recycling endosome system and
is not significantly recruited to plasma membraned-derived
vesicles such as endosomes.

Next, live cell microscopy was used to quantify Rab17
dynamics during efferocytosis, using large (5 mm) apopto-
tic cell mimics to provide high spatial resolution (Fig. 1D,
Movie S1). These mimics were internalized into a PM-
RFP demarcated compartment which was positive for
GFP-Rab17. A few minutes following closure, the effero-
some vesiculated through the fission of Rab17C vesicles,
depleting approximately 60% of the Rab17 initially
recruited to the efferosome (Fig 1D, Table 1). Interest-
ingly, the fissioning vesicles were devoid of PM-RFP, sug-
gesting that materials were being selectively sorted during
efferosome vesiculation. The efferosome remained weakly
positive for Rab17 following vesiculation, with the occa-
sional Rab17C vesicle interacting with the efferosome dur-
ing this stage (data not shown).

Fission and fusion of efferosome-derived vesicles

Our initial results used indigestible apoptotic cell mimics,
thus preventing us from relating Rab17 dynamics to the
processing of the efferosomal cargo. To address this limita-
tion, Rab17 dynamics were quantified on efferosomes con-
taining labeled apoptotic Jurkat cells in macrophages
expressing mCherry-Rab17 and PM-GFP. Macrophages
engulfed apoptotic bodies, not intact cells (Table 1, Fig. 2A),
with the level of Rab17 retained on efferosomes and the size
of the efferosomes remaining constant during the early
stages of maturation (Table 1, Fig. 2B). Despite some photo-
bleaching, it was apparent that newly formed efferosomes
migrated toward the cell center where they then vesiculated
into multiple efferosome-derived vesicles (EDVs, Fig. 2B–
C). Interestingly, the intensity of PM-GFP staining on
EDVs was variable, consistent with the sorting observed
during the vesiculation of non-digestible efferosomemimics
(Fig. 2B). By tracking the fluorescent signal of the apoptotic
bodies we were able to track EDVs for prolonged periods of
time, revealing that newly vesiculated EDVs migrated
toward the cell periphery, and once at the cell periphery,
ceased moving (Fig. 2B, C). During this migration most
EDVs underwent further vesiculation, as well as fusion with
other EDVs and with Rab17C recycling endosomes that
were otherwise devoid of apoptotic bodies (Fig. 2B–D,
Table 1), consistent with our previous study demonstrating
cargo transfer from efferosomes to TfR-positive recycling
endosomes.21 Both the inward movement of the nascent
efferosome, and the subsequent outward movement of the
EDVs were highly linear, but became non-directional once
EDVs reached the cell periphery (Fig. 2E–G).

Rab17 is required for edv migration

The inward migration of the newly formed efferosome is
required for efficient fusion with lysosomes and cargo
degradation,17,30 and indeed, our previous work demon-
strated efferosome-lysosome fusion concordant with
Rab17 recruitment to the efferosome.21 In contrast, the
subsequent peripheral migration of phagocytosed cargo is,
to our knowledge, previously unreported. To determine if
Rab17 was required for peripheral efferosome migration,
we expressed dominant-negative (DN) or wildtype (WT)
GFP-Rab17 in macrophages and quantified the intracellu-
lar localization of efferosomes, using DN-Rab17 at a mod-
est expression level to prevent the inhibition of
efferocytosis observed when Rab17 siRNA is used.21 As
expected, a significant fraction of efferosomes were located
in the periphery of cells expressing WT-Rab17, whereas
efferosomes remained in the central area of cells express-
ing DN-Rab17 (Fig. 3A–B). Efferosomes in DN-Rab17
expressing cells underwent limited fission (Fig. 3C–D,
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Table 1), but fused normally with LAMP1-demarkated
lysosomes (Fig. 3E, G). Consistent with our previous
work, expression of DN-Rab17 significantly impaired the
transfer of efferosome cargos from EDVs to transferrin-
positive recycling endosomes (Fig. 3F, G).

Discussion

In this study we have identified a Rab17-dependent
vesiculation, fusion and trafficking process that is
required for the transfer of degraded apoptotic cells from
the efferosome to the recycling endosome. Our data are
consistent with a model in which newly formed effero-
somes traffic to the central region of macrophages to

Figure 1. Rab17 Dynamics on Efferosome Mimics. (A-B) Co-localization of GFP- or mCherry-Rab17 with plasma-membrane
(PM-RFP) derived vesicles (A) or with transferrin receptor (TfR-GFP) positive vesicles (B) in resting macrophages. (C) Percent of
Rab17C vesicles co-staining with TfR (Rab17:TfR), TfRC vesicles co-staining with Rab17 (TfR:Rab17) and PM-derived vesicles co-
staining with Rab17 (PM:Rab17) in resting macrophages. (D) Dynamics of GFP-Rab17 and the plasma membrane marker PM-RFP
on efferosomes containing non-digestible apoptotic cell mimics. Orange arrows indicate Rab17C vesicles fissioning from the
efferosome. Images are representative of (A-B) and quantifies (C) 47 images captured over 4 independent experiments, or is
representative of 12 time-lapse videos captured over 5 independent experiments (D). Data is presented as mean § SEM. Scale
bars are 5 mm (A-B) or 10 mm (D).

Table 1. Efferosome fission and fusion characteristics.

Efferosome Characteristics Mimics Apoptotic Cells

Diameter at Closure 5.20 § 1.4 mm 2.87 § 0.13 mm
Diameter at Vesiculation 4.97 § 2.6 mm 2.74 § 0.11 mm
Time to Vesiculation 7.25 § 3.72 min 22.40 § 3.78 min
Number of EDVs/Efferosome 1.25 § 0.45 4.05 § 0.58
Vesiculation Time 3.25 § 1.29 s �

Size of EDVs 1.08 § 0.29 mm ��

Time from Vesiculation to First Fusion n.o. 10.77 § 2.23 min
DN-Rab17 Efferosome Characteristics
Time to Vesiculation — 64.1 § 10.3 min
Number of EDVs/Efferosomes — 0.79 § 0.51
Size of EDVs — 2.28 § 0.46 mm

�Vesiculation time was shorter than the time between video frames (120 s)
��Many vesicles were sub-resolution in size and could not be measured
n.o. Not Observed
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fuse with lysosomes, but then avoid subsequent matura-
tion into a MHC II loading compartment through traf-
ficking to the cell periphery where their cargo is
transferred to recycling endosomes31-33 This sorting is
mediated by Rab17, which drives the fragmentation,
peripheral migration, and cargo transfer from EDVs to
recycling endosomes, thereby delivering degraded apo-
ptotic cells to the recycling pathway and preventing
development of the phagolysosome into a MHC II load-
ing compartment.

The observation that efferosomes undergo an initial
migration to the cell center is consistent with the matu-
ration of bacteria-containing phagosomes.17,30,34 In
phagocytosis, active Rab7 recruits the effector RILP,
which associates with the dynactin complex and drives
perinuclear migration of phagosomes, where they
undergo fusion with lysosomes to form phagolyso-
somes.17,35 Consistent with this model, we previously
demonstrated that efferosomes acquire Rab7 a few
minutes after closure,21 and in this study demonstrate
Rab17-independent efferosome migration to the cell
center and Rab17-independent fusion with lysosomes.

Therefore, the initial inward migration of efferosomes
is likely a product of Rab7 activity on the efferosome
and results in the acquisition of lysosomal enzymes for
cargo degradation. In contrast, while phagolysosomes
remain in the perinuclear region,17,35 efferosomes
undergo a distinct secondary outward migration, dur-
ing which time they fuse with other EDVs and with
TfR-demarcated recycling endosomes. This may repre-
sent a process whereby Rab17 moves degraded material
from late in the endocytic/phagocytic pathway to the
recycling endosome.21 While the initial inward migra-
tion and lysosomal fusion were Rab17 independent, the
later outward migration of EDV and fusion with EDVs
and recycling endosomes were dependent on active
Rab17. As Rab17 is a key regulator of the transcytosis
of macromolecules through the recycling endosome
compartment,24,25,28 it is tempting to hypothesize that
the outward migration of EDVs to the cell periphery
and cargo transfer to recycling endosomes may result
in the exocytosis of degraded apoptotic bodies,
although we have not yet observed direct evidence in
support of this hypothesis.

Figure 2. Fission, Fusion and Movement of Rab17-Positive Efferosomes. Efferosome and Rab17 dynamics were quantified using live
cell microscopy of efferocytosed fluorescently-labeled apoptotic bodies by macrophages expressing mCherry-Rab17 and PM-GFP.
(A) Fluorescent image of a macrophage immediately following engulfment of an apoptotic body (arrow/AC), scale bar is 5 mm.
(B) Time-lapse micrograph of the insert from panel A. The intact efferosome is tracked by the white arrow, colored arrows track individ-
ual EDVs. The staining of the apoptotic body is shown only for the first and final frames, to emphasize the differential sorting of Rab17
and PM-GFP into EDVs. (C) Track of efferosome and EDVs from panel B. ‘X’ indicates the efferosome starting position, asterisk indicates
fusion between 2 EDVs, and diamonds indicate sites of fusion with Rab17-positive recycling endosomes. (D) Number of fusion events
between EDVs, and between EDV and recycling endosomes (RE). (E) Representative motion tracks of 10 pre-fission efferosomes, mea-
sured relative to a vector between the cell barycentre and the site of efferosome formation. (F) Representative motion tracks of a single
post-fission vesicle derived from each efferosome in panel E, measured relative to a vector between the cell barycentre and the effero-
some fission point. (G) Directionality of efferosome movement pre-fission (Pre), Post-fission (Post), and once the EDVs reach the periph-
ery (Periph). Data is representative of (A-C, E, F), or quantifies (D, G) 124 efferosomes imaged over 3 independent experiments. � D p <

0.05 comparted to Pre, y D p < 0.05 compared with Post, n.s. D p > 0.05, Students t-test (D) or ANOVA with Tukey correction (G).
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While our data are consistent with a model in which
apoptotic cell-derived antigens are trafficked away from
the lysosome/MHC II loading compartment to avoid
presentation of self-antigens, this is unlikely to be the
sole mechanism preventing presentation of self-antigens
from efferosomes. Indeed, MHC II is rapidly turned over
in cells, and requires TLR signaling to stabilize its expres-
sion and enable its delivery to the maturing phago-
some.32,33,36 TLR signaling is suppressed by efferocytosis,
likely accounting for the lack of MHC II recruitment to
efferosomes.21,37 In addition, the lysosomes of macro-
phages polarized to the pro-efferocytic M2 phenotype
acidify more strongly than lysosomes in macrophages
polarized to non-efferocytic M1 phenotypes, indicating
that efferocytic cargos will be highly processed by acid

hydrolases, perhaps to a degree where MHC II compati-
ble peptides are not produced.38 Finally, full activation of
CD4C T cells requires not only antigen presentation on
MHC II, but also strong expression of co-stimulatory
molecules such as CD80 and CD86. These molecules are
weakly expressed on highly efferocytic M2 macrophages,
and are upregulated following TLR stimulation, indicat-
ing that even if apoptotic cell derived antigen are loaded
onto MHC II, the resulting presentation may be mini-
mally immunogenic.33,39 These and other pathways likely
cooperate to limit the immunogenicity of efferocytosed
apoptotic cells.

In summary, we have demonstrated that Rab17 medi-
ates a previously uncharacterized vesicular fission and
migration process required for the transfer of degraded

Figure 3. Peripheral Migration of EDVs and Cargo Transfer to Recycling Endosomes Requires Rab17. Localization of fluorescently
labeled, Jurkat cell-derived EDVs in macrophages expressing wild-type (WT) or dominant-negative (DN) GFP-Rab17, and either the lyso-
somal marker LAMP1-mCherry or the recycling endosome marker TfR-mCherry, was quantified 90-minutes post-efferocytosis. (A) Repre-
sentative images of EDV location in cells expressing WT- or DN-Rab17. Large dashed line indicates the cell periphery; fine dotted lines
indicate “shells” positioned at 1 mm increments inwards from the cell periphery. (B) Quantification of the fraction of EDVs observed in
each “shell” of cells expressing wild-type or dominant-negative Rab17. (C-D) Diameter (C) and number (D) of EDVs in macrophages
expressing WT- and DN-Rab17. (E) Effect of WT- vs. DN-Rab17 on the distribution of EDVs colocalizing with (LAMP1C) or lacking
(LAMP1¡) the lysosomal marker LAMP1. (F) Effect of WT- vs. DN-Rab17 on the distribution of EDVs colocalizing with (TfRC) or lacking
(TfR¡) the recycling endosome marker TfR. (G) Total colocalizaiton of efferosomes with LAMP1 and TfR in cells expressing WT- or DN-
Rab17. n D 33 (WT) or 28 (DN) cells, imaged over 3 independent experiments. � p < 0.05 compared with WT (B, G), LAMPC in the same
group (E) or TfRC in the same group (F), 2-way ANOVA with Tukey correction, or Students t-test (D, G). Scale bars are 5 mm.
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apoptotic bodies from a phagolysosome-like compartment
to recycling endosomes. This process likely represents a
mechanism whereby degraded apoptotic materials are
recycled or expelled through exocytosis to avoid antigen
presentation and the generation of autoimmunity.

Methods and materials

Materials

Transferrin receptor-GFP/mCherry (Tfn-GFP/mCherry),
LAMP1-mCherry and plasma-membrane-GFP/mCherry
(PM-GFP/mCherry) were gifts from Sergio Grinstein
(Hospital for Sick Children, Toronto, Canada), wild-type
and dominant-negative Rab17 constructs were described
previously.21 Jurkat T cells and DH5a Escherichia coli
were gifts from Drs. Jimmy Dikeakos and John McCor-
mick (University of Western Ontario). J774.2 macro-
phages were purchased from CedarLane (Mississauga,
Canada). #1.5/18mm circular coverslips and 16% parafor-
maldehyde (PFA) were purchased from Electron Micros-
copy Supplies (Hatfield, Pennsylvania). Permafluor, T4
DNA ligase, FugeneHD and Phusion DNA polymerase
were purchased from Thermo Scientific (Mississauga,
Canada). Cell Proliferation Dye eFluor 670 was purchased
from eBioscience (San Diego, CA). DMEM, RPMI and
Fetal Bovine Serum (FBS) were purchased from Wisent
(Saint-Jean-Baptiste, Canada). Silica beads were purchased
from Bangs Laboratories (Fishers, Indiana). Phosphatidyl-
serine and phosphatidylcholine were purchased from
Avanti Polar Lipids (Alabaster, Alabama). All other chem-
icals were purchased from Canada BioShop (Mississauga,
Canada). Matlab software was purchased from Math-
Works (Natick, Massachusetts), Graphpad Prism statisti-
cal software was purchased from Graphpad (La Jolla,
California) and FIJI Is Just ImageJ (FIJI) was downloaded
from https://fiji.sc/.

J774.2 culture

J774.2 macrophages were maintained in adherent culture
using T25 tissue culture flasks containing 5 ml DMEM C
10% FBS in a 37�C/5% CO2 incubator. Cells were split at
confluency by cell scraping and dilution into fresh media.
For experiments, coverslips were placed into the wells of a
12-well plate and»2.5£ 105 cells in culturemedium placed
into each well. Cells were transfected with 1.1 mg of DNA
and 3.3ml of FugeneHD as per manufactures instructions.

Apoptotic mimics

Mimics were prepared as described previously.21,40

0.4 mmol of a lipid mixture containing 80%

phosphatidylcholine and 20% phosphatidylserine in chloro-
form were measured into a glass vial, 10 ml of 5 mm diame-
ter silica beads added, the mixture vortexed and chloroform
evaporated under nitrogen for 1 hr. The beads were then
suspended in 1 ml of PBS (137 mM NaCl, 2.7 mM KCl,
10 mM Na2HPO4, 1.8 mM KH2PO4), washed 3£ in PBS
using 4500£g/1 min centrifugations, suspended 100 ml of
DMEMC 10% FBS and stored at 4�C until use.

Jurkat apoptosis model

Jurkat cells were maintained in suspension in T25 culture
flasks containing 5 ml RPMI C 10% FBS. Cells were split
every 3 d by diluting 1:10 into fresh media. 5 ml of Jurkat
cell culture was pelleted using a 5 min/250£g centrifuga-
tion and apoptosis induced by 4 hrs incubation at 37�C
in serum-free RPMI C 1 mM staurosporine.40,41 Cells
were washed 3£ in PBS, labeled with 2 ml/ml Cell Prolif-
eration Dye eFluor 670 for 5 min, washed 2£ with PBS
and diluted in DMEM C 10% FBS to 1 £ 106 cells/ml.

Efferocytosis assays

For live-cell experiments, coverslips were transferred to a
Leiden chamber on the heated/CO2 perfused stage of a
Leica DMI6000B microscope equipped with a 100£/1.40
NA objective, photometrics Evolve-512 delta EM-CCD
camera, Chroma Sedat Quad filter set and the Leica
Application Suite X software platform (Leica Microsys-
tems, Concord, ON, Canada). The location of 5–10
transfected cells were stored using the mark-and-find
feature, then 1 mL of the apoptotic Jurkat cell suspension
or 1 ml of DMEM C 3 ml of mimics added. Cells were
recorded using the GFP, RFP and far-red channels for
2 hours at 0.5 FPS.40 For fixed cell imaging, 1 mL of apo-
ptotic cells or 1 ml of DMEM C 3 ml of mimics were
added to each well, the plate centrifuged at 200 £ g for
1 min, and the plate incubated at 37�C/5% CO2 for 60–
90 min. Samples were rinsed once with PBS, fixed with
4% PFA in PBS for 20 min, rinsed with PBS and
mounted on glass coverslips using Permafluor mounting
media.40 A minimum of 15 cells imaged on each cover-
slip. Images were exported as OME-formatted TIFFs for
further analysis.

Efferosome mimics quantification

Quantification of mimic-containing efferosomes was
performed using FIJI. Time to fragmentation was mea-
sured from the timepoint of complete efferosome closure
to the fission of the first Rab17C EDV, and the number
of EDVs formed recorded. EDV diameter was quantified
using the line measurement tool.
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Colocalization analysis

Colocalization analysis was performed with FIJI. Non-
vesicular staining was reduced using a 5-pixel rolling-
ball subtraction, the image manually thresholded to
remove cytosolic staining, and regions of interest (ROIs)
created for individual EDVs using the analyze particles
tool. Colocalization between markers was then quantified
as the fraction of overlapping of ROI’s between channels.

Efferosome fission, fusion and movement

Efferosomes were tracked in fluorescent images using FIJI.
At the timepoint of efferosome closure an ROI was drawn
around the cell using the freehand selection tool, and the
x/y coordinates of the cell barycentre determined with the
measure tool. The MTrack2 plugin was used to track the
efferosome, EDVs, and any EDV-interacting Rab17C

vesicles. Track positions were imported into Matlab, the
timing and location of all fission and fusion events anno-
tated, and the track divided into pre- vs. post-initial fission
segments. Pre-fission tracks were translated such that all
measurements were made relative to a vector linking
efferosome closure site to the cell barycentre, and post-fis-
sion tracks translated such that all measurements were
made relative to a vector linking the fission site to the cell
barycentre. The directionality of movement of each track
was then quantified as the ratio between the Euclidian dis-
tance covered by the vesicle from its start- to end-point
vs. the total distance traveled.42,43

Efferosome positioning

Efferosome positioning was quantified using the method of
Johnson et al.20 A 90 min efferocytosis assay was performed
using fluorescently labeled apoptotic Jurkat cells and J774.2
macrophages expressing wild-type or dominant-negative
GFP-Rab17, co-transfected with LAMP1-mCherry or TfR-
mCherry. Images were imported into FIJI and the cell
boundary, as defined by the Rab17 staining, traced using
the freehand tool. This ROI was then degraded inwards in
1 mm increments to create 3 shells of 1 mm thickness. The
number of EDVs in each shell, EDV diameter (sub-resolu-
tion EDVs were recorded as 0.2 mm in diameter), and
colocalization with LAMP or TfR was quantified in each
image using the protocols described above.

Statistics

Graphapd Prism software was used for all statistical tests.
Data are presented as mean § SEM, with statistical sig-
nificance set at p � 0.05.
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EDV Efferosome Derived Vesicle
MHC II Major Histocompatability Complex II
PBS Phosphate Buffered Saline
PFA Paraformaldehyde
ROI Region of Interest
TfR Transferrin Receptor
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