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Abstract

Myeloid-derived suppressor cells (MDSC) are present in most cancer patients where they inhibit
natural anti-tumor immunity and are an obstacle to anti-cancer immunotherapies. They mediate
immune suppression through their production of proteins and soluble mediators that prevent the
activation of tumor-reactive T lymphyocytes, polarize macrophages towards a tumor-promoting
phenotype, and facilitate angiogenesis. The accumulation and suppressive potency of MDSC is
regulated by inflammation within the tumor microenvironment. Recently exosomes have been
proposed to act as intercellular communicators, carrying active proteins and other molecules
between sender cells and receiver cells. In this report we describe the proteome of exosomes shed
by MDSC induced in BALB/c mice by the 4T1 mammary carcinoma. Using bottom-up
proteomics, we have identified 412 proteins. Spectral counting identified 63 proteins whose
abundance was altered > 2-fold in the inflammatory environment. The pro-inflammatory proteins
S100A8 and S100A9, previously shown to be secreted by MDSC and to be chemotactic for
MDSC, are abundant in MDSC-derived exosomes. Bioassays reveal that MDSC-derived
exosomes polarize macrophages towards a tumor-promoting type 2 phenotype, in addition to
possessing SI00A8/A9 chemotactic activity. These results suggest that some of the tumor-
promoting functions of MDSC are implemented by MDSC-shed exosomes.
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Introduction

Exosomes (1-3) are present in high abundance in the tumor microenvironment where they
transfer information between cells (4). Exosomes of tumor origin stimulate apoptosis of
tumor-reactive T cells, induce immune suppressive myeloid-derived suppressor cells
(MDSC), promote angiogenesis, and exchange genetic material between cells (5-10).
Increased understanding of the mechanisms that activate anti-tumor immunity, combined
with promising therapeutic strategies in some cancer patients and experimental animals have
led to enthusiasm for immunotherapy as a treatment for established cancers. Despite limited
recent successes, active immunotherapy has not been widely effective (11). The lack of
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efficacy is attributed in large part to immune suppressive cells present in most cancer
patients (12, 13). MDSC are present in virtually all cancer patients and experimental animals
with cancer and are considered one of the dominant cell populations that obstructs
immunotherapy (14, 15). MDSC inhibit anti-tumor immunity by preventing the activation of
tumor-reactive T lymphocytes, by inhibiting T lymphocyte trafficking to sites where they
could be activated (16), and by polarizing macrophages towards a tumor-promoting
phenotype (17). Some of these mechanisms require cell-to-cell-interactions between MDSC
and the target cells, and in some cases, the release of soluble mediators. Identification of the
molecules regulating these processes could lead to drug interventions for preventing MDSC-
mediated suppression. In vivo, the development of MDSC tracks with the level of
inflammation, with increasing inflammation enhancing the potency and quantity of MDSC
(18, 19). Exosomes, as extracellular messengers, may contribute to the differences in MDSC
abundance and suppressive activity under heightened inflammatory conditions

We now report that MDSC isolated from BALB/c mice carrying 4T1 mammary carcinomas
shed exosomes that contain proteins derived from many subcellular compartments and are
associated with diverse functions. The protein cargo of MDSC-derived exosomes appears to
be regulated by the extent of inflammation in which the MDSC develop in vivo. Importantly,
MDSC-shed exosomes polarize macrophages towards a tumor-promoting phenotype and
drive MDSC chemotaxis, suggesting that MDSC-derived exosomes play an important role
as communicators in the tumor microenvironment.

Experimental

Myeloid-derived suppressor cells

Exosomes

BALB/c mice were injected in the mammary fat pad with 7000 wild type 4T1 mammary
carcinoma cells or 4T1 cells stably transfected and expressing interleukin-1f (IL-1p) as
described. When tumors were greater than ~8 mm in diameter (~3-4 weeks after initial
inoculation), MDSC were harvested from the blood and monitored by immunofluorescence
and flow cytometry for purity by expression of the MDSC markers Grl and CD11b (Figure
1) (18). MDSC used in experiments were >90% Gr1*CD11b*. MDSC induced by wild type
4T1 and 4T1/IL-1P tumor cells are termed “conventional” and “inflammatory” MDSC,
respectively. All procedures with animals and animal-derived materials were approved by
the UMBC and UMCP Institutional Aminal Care and Use Committees.

Purified MDSC obtained from 2-3 mice (~1 x 108 MDSC for each experiment) were plated
at 4x10° cells/ml in serum-free HL-1 medium (BioWhittaker, Walkersville, MD) and
maintained at 37° C with 5% A CO,. After 16 hrs the cultures were centrifuged at 805 g for
5 min (Eppendorf 5810R centrifuge), the pellets discarded, and the supernatants centrifuged
at 2090 g for 30 min (Sorvall RC5C, SS34 rotor). The supernatants were then
ultracentrifuged (Beckman L8 ultracentrifuge) at 100,000 g for 20 hrs at 10° C using an
SW4O0Ti rotor. Supernatants were discarded and the pellets containing the exosomes were
resuspended in PBS and absorbances were measured at 260 and 280 nm. Protein content was
assayed by Bradford Quick Start according to the manufacturer’s directions (Biorad).
Exosomes were stored at —80° C until used. For migration experiments, exosomes were
resuspended to the original volume of the conditioned medium from which they were
obtained so a direct comparison of the effects of exosomes versus conditioned medium
could be made. For the MDSC-macrophage cross-talk experiments, exosomes were used at
1x, 2.5%, and 5x concentrations. On average, one ml of conditioned medium contained 714
g of exosomal protein.
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Sucrose density gradient fractionation of exosomes

Freshly prepared ultracentrifuged exosomes were resuspended in 1.8 to 2.0 ml of 2.5M
sucrose/0.020 M Hepes and layered on the bottom of 9/16” x 3 %" polyallomer
ultracentrifuge tubes (Beckman). A 10 ml gradient of 0.25 M to 2.0 M sucrose in 0.020M
Hepes was then layered over the 2 ml containing the exosomes for a total volume of 11.8 to
12 ml. Gradients were ultracentrifuged (Beckman L8 ultracentrifuge) at 10° C for 16 hrs at
100,000g in an SWA40Ti rotor. One half ml fractions were collected and assessed by optical
density (Figure 1). Density of the fractions was confirmed by refractometry.

Transmission electron micrographs

An aliquot containing 0.03-0.3 pg exosomes suspended in 2% glutaraldehyde was applied to
a Formvar-coated grid and negatively stained with uranyl acetate. Electron micographs were
acquired using a Zeiss EM10 transmission electron microscope at an accelerating voltage of
80keV.

Protein analysis

Aliquots of conventional and inflammatory exosomes containing 25 pg of total protein were
lysed in 8 M urea. Fifty mM ammonium bicarbonate was added to each sample to dilute the
final urea concentration to 0.8 M, which is compatible with tryptic digestion. Each sample
was then reduced in 20 mM DTT at 56 °C for 30 minutes followed by alkylation in 40 mM
iodoacetamide at room temperature in the dark for 30 minutes. Three technical replicates of
7 pg total protein were analyzed by LC-MS/MS (using HPLC MS/MS parameters outlined
below) for three biological replicates each for conventional and inflammatory exosomes.

HPLC MS/MS Analysis

LC-MS/MS analyses were performed on a Shimadzu Prominent nanoHPLC (Shimadzu
BioSciences, Columbia MD) in-line with an LTQ-orbitrap XL (Thermo Fisher Scientific,
San Jose, CA). Peptides prepared via tryptic digestion were injected onto an Acclaim
PepMap 300 C18 precolumn (Dionex, Sunnyvale, CA) followed by desalting by 10%
Solvent A (97.5% H»0, 2.5% ACN, and 0.1% formic acid) for 20 minutes. Peptides were
fractionated on a C-18 analytical column (Grace Vydak, Deerfield IL) with a linear gradient
increasing from 0 to 40% solvent B (97.5% ACN, 2.5% H,0, and 0.1% formic acid) in 170
minutes, followed by an increase from 40 to 85% solvent B in 40 minutes. Flow rate was
500 nL/min. Precursor scans were acquired in the orbitrap with a resolution of 30,000 at m/z
400. In each cycle the nine most abundant ions were selected for fragmentation by
collisional induced dissociation (CID), and product ion scans were acquired in the LTQ. A
dynamic exclusion of 1 repeat count over 180 seconds was used.

Bioinformatics

Peptides and proteins were identified by the PepArML meta-search engine (20) using the
mouse reference proteome of the UniProtKnowledgeBase (June 2013) containing 50,807
sequences. Carbamidomethylation of cysteine was selected as a fixed modification and
oxidation of methionine and deamidation of asparagine and glutamine residues were
selected as variable modifications. Peptide identifications from technical and biological
replicates were pooled and filtered at 1% (spectral) FDR, as computed by PepArML using
the method of Elias and Gygi (21), and identified proteins required to contain at least two
distinct, unshared peptides, ensuring protein FDR of at most 0.01%. Spectral counts for
identified proteins, spectral count ratios (Rsc) as described in Old et al. (22), and statistical
significance for differential spectral counts determined using in house software. Differential
spectral count p-values were computed using the Fisher exact-test, and corrected for
multiple testing by transformation to false-discovery-rate (FDR) using the method of
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Benjamini and Hochberg (23). Identified proteins are assigned to cellular components
according to their Gene Ontology annotations and the PIR GO Slim.

MDSC chemotaxis

Cells used in the chemotaxis assay were >90% Gr1*CD11b* conventional MDSC as
assessed by flow cytometry (24). Five hundred pl of fresh media, media from MDSC
cultures (conditioned media), or MDSC-derived exosomes from the equivalent amount of
conditioned medium in fresh media were placed in individual wells of 24 well plates (lower
compartment). Monoclonal antibodies to S100A8, S100A9, or irrelevant control isotype
matched antibodies (10 pg/500 pl; Santa Cruz Biotech) were included in some wells.
Transwells with an 8.m polycarbonate semi-permeable membrane were then inserted in
each well and 1x10% MDSC in 100 pl of serum-free IMDM medium were placed in the
transwells (upper compartment). Assembled transwells were incubated at 37° C in 5% CO»
for 3hrs, and the MDSC in the bottom chamber were then quantified by hemocytometer.
Values for each sample are the average results of duplicate samples and three independent
hemocytometer counts per well (25).

MDSC-macrophage cross-talk

BALB/c mice were injected intraperitoneally with 1 ml of 3% thioglycolate and peritoneal
exudate cells (PEC) harvested 4 days later. Percent of macrophages in the exudate was
determined by flow cytometry analysis of the macrophage markers F4/80 and CD11b. PEC
were plated in 24 well plates at 7.5 x 10° F4/80*CD11b* cells/well/500 .l DMEM medium
supplemented with 10% fetal bovine serum and incubated at 37° C in 5% CO,, for 3hrs.
Non-adherent cells (non-macrophages) were then removed and the attached macrophages
were washed with macrophage medium (DMEM/5% serum). Five hundred pl of
macrophage medium containing 7.5 x 10° conventional MDSC (>90% Gr1*CD11b* cells)
or MDSC-derived exosomes from 7.5 x 10° (1X), 18.7 x 10° (2.5X), or 37.5 x 10° (5X)
MDSC were then added to each well. MDSC and macrophages were activated with IFNy
and LPS and co-cultured at a ratio of 1:1 (5x10° cells of each type/200 pl/well) for 18 hours.
Supernatants were harvested and assayed by ELISA for IL-12 (19).

Results and Discussion

The techniques most widely used for characterization of exosomes are density
measurements and imaging by transmission electron microscopy. The vesicles shed by both
conventional and inflammatory MDSC (Figure 1A) exhibited densities between 1.2 and 1.3
g/mL (Figure 1B) (1, 3, 26). Transmission electron micrographs of this material revealed
vesicles with diameters 25-30 nm (Figure 2), within the range ascribed to exosomes (1-3,
26). It should be noted that the MDSC that shed these small exosomes are smaller than most
eukaryotic cells (35). The negative control shown in Figure 2 indicates that structures of 15
nm in diameter are artifacts of TEM sample preparation.

Exosomal protein was used as an indicator of the number of exosomes, and was normalized
for the number of MDSC cells used in each preparation in order to compare the amount of
exosomes shed by conventional MDSC and inflammatory MDSC. The ratio, expressed as
exosomal protein (ug) per MDSC cell, at the end of 16 hr was [1.1 + 0.1] x 1078 (n=4) and
[1.2 +0.2] x 1076 (n=4) for conventional and inflammatory MDSC, respectively. The
similar ratios demonstrate that conventional and inflammatory MDSC shed exosomes with
approximately the same frequency.

Three hundred and eighty seven proteins were identified (from 2528 peptides) in exosomes
from conventional MDSC (Supplemental Table 1), and 374 proteins were identified (from
2280 peptides) in exosomes from inflammatory MDSC (Supplemental Table 1). When the
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two inventories are combined, 412 proteins were identified. Mathivanan and Simpson (27)
established ExoCarta as a database of proteins reported from analyses of different exosome
proteomes. About 83% of the proteins identified in exosomes from MDSC are in ExoCarta
(August 2013). A searchable website EVpedia has been created by Kim et al (28) for
exosomal proteins. About 87% of the proteins identified here are also listed in EVpedia
(August 2013). A third database, Vesiclepedia, has recently been established for all
extracellular vesicles (29). Among proteins identified in our exosomes, 93% are listed in
Vesiclepedia (August 2013). Exosomal proteins from the inventory that have not previously
been reported in ExoCarta, EVpedia, or Vesiclepedia are shown in Supplemental Table 2.

Annexins (Al, A2, A3, A6, A7, All) and tetraspanins, including CD177, were identified
along with GTPases, NCK microfibrils (NCK associated protein 1 like), cytoskeletal
proteins, VSP35 (a member of the ESCRT complex), heat shock cognate 71 kDa protein,
heat shock 70 kDa protein 4, and HSP90 alpha and beta, all proteins reported to be
characteristic of exosomes (30).

A suite of subunits from the 26S proteasome was present, including 26S protease regulatory
subunit 6A, 26S proteasome non-ATPase regulatory subunits 1,2,5,6,7,11, and 13,
proteasome subunit beta type-2 and proteasome subunit alpha type-6. This raises the
possibilities that the proteasome may be carried by these exosomes, or that the disassembled
proteasome is removed from the cell by these exosomes.

More than a dozen histone variants were detected, as well as several elongation factors (1-
gamma, 1-alpha 1, and 2), DNA topoisomerase, RNA helicase (ATP-dependent RNA
helicase DDX39A) and a zinc finger (DBF-type zinc finger-containing protein 2 homolog).
The presence of these and other nucleic acid binding proteins is consistent with reports that
exosomes can alter protein expression in receiver cells (5,7, 9-11,12, 31,32).

Metabolic enzymes were identified from the pentose phosphate pathway responsible for
synthesis of NADPH and ribose-5-phosphate including: glucose-6-phosphate 1-
dehydrogenase X, 6-phosphogluconate dehydrogenase and transketolase. Most of the
enzymes in the glycolysis and gluconeogenesis pathways were present: pyruvate kinase
PKM, glucose-6-phosphate isomerase, glyceraldehyde-3-phosphosphate dehydrogenase,
alpha-enolase, L-lactate dehydrogenase A chain, fructose-bisphosphate aldolase,
phosphoglycerate kinase 1, glycogen phosphorylase liver form and glycogenin-1. These
proteins are also listed in databases of proteins identified in various kinds of exosomes.

Several proteins relevant to the immune system were also identified. SLO0A8 and S100A9
are known (25, 33) to drive chronic and acute inflammation. Myeloid bactecin strongly
interacts with immune cells and participates in the inflammatory response (34).

Figure 3 summarizes the sub-cellular locations of the exosomal proteins identified, and
compares them with a set of 305 proteins identified (35) in a whole cell lysate of
conventional MDSC. Exosomes from both conventional and inflammatory MDSC contain
proteins residing in the major intracellular organelles and the distribution of proteins in both
samples is similar. Compared to the whole cell lysate, a lower percentage of exosomal
proteins are assigned to the parental cell nucleus and endoplasmic reticulum.

Chronic inflammation in the tumor microenvironment increases the quantity and suppressive
potency of the parental MDSC (18, 19), and is associated with altered concentrations of
some proteins in MDSC (35). In the exosomes shed by MDSC spectral counting was used to
compare protein abundances. Out of 412 proteins quantified in conventional and
inflammatory samples (See Supplementary Table 1) the abundances of 63 proteins differed
by more than two fold with FDR less than 0.05. Heightened inflammation is associated with
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decreased abundances of 33 proteins in exosomes, including several proteins that participate
in the innate immune response: ficolin-1, C4b-binding protein, chitinase-3-like protein 3,
complement C3, and CD5 antigen-like. Other proteins that decreased with heightened
inflammation include cytoskeletal proteins (spectrin beta 1, ankyrin-1, tubulin beta-1 chain
and nesprin-1) and chemotactic proteins (myeloid cysteine-rich protein and platelet factor
4), suggesting a change in exosome migration.

Thirty proteins increased in abundance under heightened inflammatory conditions, including
GTP and ATP binding proteins (ATP-citrate synthase, ADP-ribosylation factor 1, and
phosphatidylinositol 4-phosphate 3-kinase C2 domain containing subunit gamma).
Interestingly, the coatomer subunit beta, recruited by ADP-ribosylation factors that
participate in membrane curvature and budding (36) is increased more than 2 fold with
inflammation. Other proteins that increase include biosynthetic proteins (serine-tRNA ligase
cytoplasmic, valine-tRNA ligase, aminopeptidase B, fatty acid synthase, ATP-citrate
synthase, and elongation factor 1-gamma) and the retromer component vacuolar protein
sorting-associated protein 35, which participates in protein sorting (37).

The relative abundance of proteins S100 A8 and A9 did not change in exosomes shed from
MDSC due to inflammation. These are usually present as the A8/A9 heterodimer, a pro-
inflammatory mediator that is present at sites of inflammation. It was previously shown to
be chemotactic and induce migration of MDSC to tumor sites (25, 33). It also stimulates
polarization of macrophages towards the tumor-promoting M2 phenotype (17). These
functions have previously been attributed to the extracellular secretion of SLO0A8/A9 by
MDSC themselves and by tumor cells. To test the possibility that exosomes carrying
S100A8/A9 are responsible for these effects, bioassays were conducted with intact MDSC,
MDSC-derived exosomes, and macrophages.

Chemotactic activity was assessed by co-culturing intact MDSC and MDSC-derived
exosomes on opposite sides of a semi-permeable membrane and measuring the number of
MDSC migrating through the membrane towards the exosomes (Figure 4). Exosomes were
chemotactic for intact MDSC and chemotaxis was significantly inhibited if antibodies to
S100A8 or S100A9 were included with the exosomes. The chemotaxis was specific since
inclusion of an irrelevant isotype matched antibody did not prevent migration. These results
indicate that MDSC-derived exosomes mediate chemotaxis through their content of S100A8
and A9. The same assay has been previously applied to conditioned media (25), where
antibodies to S100 A8 and A100 A9 reduced migration by amounts similar to what is
reported here for exosomes. In the current assay, exosomes were >90% as chemotactic as
the equivalent amount of conditioned medium, indicating that most of the S100 A8/A9
activity is contained in exosomes.

One of the suppressive mechanisms used by MDSC to promote tumor progression is their
conversion of macrophages from tumoricidal cells (so-called M1 macrophages) to cells that
facilitate tumor growth (so-called M2 macrophages). This conversion involves the switching
off of macrophage production of 1L-12, a cytokine that drives the development of
tumoricidal T lymphocytes and natural killer cells (17). To determine if this function is
mediated by MDSC-derived exosomes, M1 macrophages were co-cultured with either intact
MDSC or exosomes derived from an equal number of MDSC or multiples thereof (2.5X,
5X). Macrophage production of IL-12 was measured by ELISA (Figure 5). MDSC-derived
exosomes decreased IL-12 production; however, on a per cell basis they are less effective
than intact MDSC. These results indicate that exosomes contribute to the ability of MDSC to
polarize macrophages; however non-exosome mechanisms are also involved.
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Conclusions

Exosomes shed by myeloid-derived suppressor cells are rich in proteins. Exosomal proteins,
unlike RNA, can have an immediate effect on the target cell, making the exosomal proteome
a valuable source of information about intracellular communication in the tumor
microenvironment. Their cargo includes many histones, enzymes active in energy
metabolism, proteasome subunits and the pro-inflammatory mediators SI00A8 and S100A9.
Neither the number of exosomes shed per cell nor the concentration of protein S100 A8 in
the exosomes varies significantly between MDSC isolated from low and high inflammatory
murine environments. Biological assays demonstrate both autocrine and paracrine activities
for these exosomes and demonstrate causality for S100A8 and S100A9. These results
demonstrate that some of the immune suppressive activity of MDSC is mediated by MDSC-
shed exosomes. Since MDSC infiltrate solid tumors and also circulate in the blood and are
present in the bone marrow, MDSC-derived exosomes may function as short and long-range
mediators to regulate anti-tumor immunity and facilitate tumor growth.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
Transmission electron microscope images of (left) exosomes shed by conventional MDSC,;
(middle) exosomes shed by inflammatory MDSC; the TEM stain itself (right).
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Exosomes shed by MDSC contain S100A8 and S100A9 proteins that are chemotactic for
MDSC. MDSC were placed in the upper compartment of transwells and either tumor-
conditioned medium or MDSC shed exosomes + antibodies to SI00A8 or SI00A9 were
placed in the lower compartment. The number of MDSC migrating to the lower
compartment was determined after 3 hrs of incubation. Values are the average + SD of 3
independent cell counts of duplicate samples. The concentration of purified exosomes is
equivalent to the concentration of exosomes in conditioned medium.
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Exosomes shed by MDSC polarize macrophages from a tumoricidal M1 phenotype to a
tumor-promoting M2 phenotype by inhibiting macrophage production of I1L-12. Type 1
macrophages were co-cultured alone, or in the presence of intact MDSC or exosomes
derived from either an equal number of MDSC (1X) or multiples thereof. shed by MDSC.

IL-12 production by macrophages was measured by ELISA.
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Proteins with significantly greater abundance in conventional exosomes (Ry; =1 and FDR <0.05). R is
reported as the logs ratio of conventional versus inflammatory exosomes.

Table 1

Accession Protein Re FDR
P70390 Short stature homeobox protein 2 8.6 | 6.26E-157
P04919 Band 3 anion transport protein 6.4 | 5.05E-32
P08032 Spectrin alpha chain, erythrocytic 1 56 | 7.16E-19
Q8Cl1z8 von Willebrand factor 4.8 | 3.56E-10
P08226 Apolipoprotein E 46 | 5.86E-09
Q61171 Peroxiredoxin-2 4.4 | 1.53E-07

Q9QUMO Integrin alpha-11b 43 | 6.14E-07
P01837 1g kappa chain C region 3.7 | 1.28E-04
P29788 Vitronectin 3.3 | 1.50E-03
P49722 Proteasome subunit alpha type-2 3.3 | 1.50E-03
Q02357 Ankyrin-1 3.3 1.50E-03

Q3UGX2 Spectrin beta 1 3.3 | 1.50E-03
Q8K482 EMILIN-2 3.3 1.50E-03

QIQWK4 CDS5 antigen-like 3.0 | 9.63E-03
Q07797 Galectin-3-binding protein 2.8 | 1.74E-02
P11276 Fibronectin 2.7 | 3.08E-124
070165 Ficolin-1 2.7 | 2.95E-02
P08607 C4b-binding protein 2.6 | 4.68E-03
P10605 Cathepsin B 25 | 8.26E-03
P07724 Serum albumin 25 | 7.87E-22
Q61646 Haptoglobin 2.1 | 1.08E-03
P01872 Ig mu chain C region secreted form 21 | 7.19E-13
035744 Chitinase-3-like protein 3 2.0 | 8.90E-05
P35441 Thrombospondin-1 19 | 4.55E-14

Q6ZWR6 Nesprin-1 1.9 | 1.54E-02
P62259 14-3-3 protein epsilon 15 | 6.12E-03
P82198 Transforming growth factor-beta-induced protein ig-h3 | 1.5 | 1.04E-02
Q8C2Q7 Heterogeneous nuclear ribonucleoprotein H 15 | 4.89E-02
A2AQ07 Tubulin beta-1 chain 15 | 1.88E-03
P01027 Complement C3 13 | 4.62E-08
Q8K426 Myeloid cysteine-rich protein 1.3 | 2.59E-02
Q97126 Platelet factor 4 11 | 4.71E-03
QI9R1P3 Proteasome subunit beta type-2 1.0 | 2.41E-02
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Proteins with significantly greater abundance in inflammatory exosomes (Rsc =1 and FDR <0.05). R is

reported as the logs ratio of inflammatory versus conventional exosomes.

Accession Protein RSC FDR
Q5SS00 DBF4-type zinc finger-containing protein 2 homolog 3.6 1.48E-03
Q8VDP4 DBIRD complex subunit KIAA1967 homolog 3.1 1.39E-02
E9QQ35 | Phosphatidylinositol 4-phosphate 3-kinase C2 domain- containing subunit gamma | 3.1 1.10E-03
P12970 60S ribosomal protein L7a 3.0 2.29E-02
P84078 ADP-ribosylation factor 1 3.0 | 2.29E-02
P62908 40S ribosomal protein S3 2.8 4.49E-03
P08730 Keratin, type | cytoskeletal 13 2.8 | 3.76E-02
Q6ZQA0 Neurobeachin-like protein 2 2.8 3.76E-02
P26638 Serine--tRNA ligase, cytoplasmic 24 | 3.10E-02
P42227 Signal transducer and activator of transcription 3 2.4 3.10E-02
Q9D154 Leukocyte elastase inhibitor A 24 | 2.75E-05
Q971Q9 Valine--tRNA ligase 2.2 7.61E-05
Q8VCT3 Aminopeptidase B 2.0 1.48E-03
P84096 Rho-related GTP-binding protein RhoG 19 1.91E-03
P42932 T-complex protein 1 subunit theta 1.8 | 3.28E-02
088593 Peptidoglycan recognition protein 1 18 4.31E-03
Q99KE1 NAD-dependent malic enzyme, mitochondrial 1.8 | 2.29E-02
055029 Coatomer subunit beta’ 17 1.49E-02
Q9EQH3 Vacuolar protein sorting-associated protein 35 1.7 | 9.63E-03
QICWJ9 Bifunctional purine biosynthesis protein PURH 16 1.48E-03
P80315 T-complex protein 1 subunit delta 15 | 2.40E-02
P19096 Fatty acid synthase 14 4.22E-03
P28293 Cathepsin G 13 1.72E-04
Q63844 Mitogen-activated protein kinase 3 12 3.10E-02
P60766 Cell division control protein 42 homolog 1.2 1.49E-02
Q8CCKO0 Core histone macro-H2A.2 1.2 1.91E-03
Q9Z1Q5 Chloride intracellular channel protein 1 12 1.01E-02
Q9D8NO Elongation factor 1-gamma 12 6.62E-03
Q91Vv92 ATP-citrate synthase 1.1 | 2.40E-02
P62827 GTP-binding nuclear protein Ran 1.0 1.15E-03
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