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ABSTRACT

BACKGROUND: Sarcoidosis is an inflammatory granulomatous rdiso characterized by
accumulation of Th-1 type CDA cells and immune-effector cells within the aféetorgans,
most frequently the lungs. Exosomes are extraegllwesicles conveying intercellular
communication, with possible diagnostic and theuéipepplications.

OBJECTIVES We have aimed to provide an understanding ofptiecinflammatory role of
bronchoalveolar lavage fluid (BALF) exosomes incsédosis, and to find candidates for
disease biomarkers.

METHODS We performed a mass spectrometric proteomics achenization of BALF
exosomes from 15 sarcoidosis patients and 5 healtntrols, and verified the most
interesting results with flow cytometry, ELISA amestern blot analyses in an additional 39
patients and 22 controls.

RESULTS More than 690 proteins were identified in the BAexosomes, several of which
displayed significant upregulation in patients, luging inflammation-associated proteins
such as Leukotriene AHydrolase. Most of the complement-activating festavere
upregulated, whereas the complement-regulatory Cbas lower in patients compared to
healthy controls. In addition, we detected forfirg time Vitamin D binding protein (VDBP)
in BALF exosomes, which was more abundant in pttiefio evaluate exosome-associated
VDBP as a biomarker for sarcoidosis, we investidggtasma exosomes from 23 patients and
11 healthy controls and found significantly higle&pression in patients.

CONCLUSON: Together, these data contribute to understaritiegole of exosomes in lung
disease, and provides suggestions for highly wegdasarcoidosis biomarkers. Further, the
validation of an exosome-associated biomarker enttlood of patients opens up for novel,

and less invasive, support for disease diagnosis.
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CLINICAL IMPLICATIONS
Sarcoidosis is associated with invasive diagnosgticcedures, and exosomes represent
potential new diagnostic and prognostic biomarkérsese data also contribute to the

understanding of the inflammatory properties ofsexues.

CAPSULE SUMMARY
Our clinical data resulting from proteomic analysisBALF exosomes, followed by multiple-
technique validations contribute to understandiag lexosomes contribute to inflammation

in airway disease, and suggest novel diagnostigasghostic markers for Sarcoidosis.

INTRODUCTION

Sarcoidosis is an inflammatory granulomatous disgrdaffecting mostly the lungs.

Spontaneous remission often occurs, although aroueethird of the cases develop chronic
disease, which may be fatal [1, 2]. The etiologpafcoidosis is not yet fully understood, but
immunologic evidence and its geographical variativave suggested causes including
infection, occupational exposure, as well as gerfattors. The presence of clonal Thl-like
CD4+ T cells, macrophages, and immune-effectorsoglthin affected organs suggests an
antigen-driven autoimmune disease [3]. Autoantigesash as vimentin and ATP-synthase,
have been identified as targets for expanded T atefies in the lung [4], and other data
suggest roles of microorganisms, on account of Ttheell reactivity against mycobacteria-

derived mKatG [5].
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Exosomes are 30-150 nm vesicles derived from emdals@ompartments, which act as
messengers between cells [6] and can either stienolainhibit immune cells, depending on
their cellular origin [7]. Dendritic cell exosomesan stimulate T cells [8, 9], and are
promising cancer vaccine candidates [10, 11], bwsemes from the gut and cancer cells
seem to inhibit the immune system [12, 13]. Exosstave been found in most body fluids
including breast milk [14] and plasma [15], and &kely to play physiological roles, and

have potential as disease biomarkers. We havequdyifound exosomes in bronchoalveolar
lavage fluid (BALF) of healthy individuals [16], dnshown in functional studies that
sarcoidosis patient BALF is enriched in pro-inflaatory exosomes and can induce
production of interferon gamma and interleukimr8itro [17]. In further functional studies,

we have shown that macrophage and dendritic celatt exosomes carry leukotriene
pathway components and have migration-inducing @épa [18], suggesting that exosomes
may contribute to airway remodelling. We have adstablished that BALF exosomes in
asthmatic patients carry leukotriene-forming enzyraad functionally induce production of
cytokines and leukotrienes [19]. Recently, it wdsoafound that exosomes promote the
chemotaxis of neutrophils by transporting leukoteieB4 [20]. Taken together, the
accumulating evidence points to a role of exosomekukotriene-mediated intercellular

communication, possibly with implications in airwdigease.

In view of the latter evidence, we aimed at thofduygdissecting disease-associated
components of BALF exosomes from sarcoidosis petie?ve conducted a full proteomic
analysis of the exosomal contents, followed bydadlons of the most interesting results
using flow cytometry, ELISA, Western blot and naadijzle tracking analysis. We detected
clear proteomic differences between exosomes fraroogosis patients and controls, with
pro-inflammatory and immune system activation pajiweomponents more abundant in

patient exosomes. Several of the proteomic findimgsluding an increase in leukotriene-
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forming enzymes, were successfully validated byessvtechniques, as were a number of
potential biomarkers. These findings indicate tmg@artance of future investigations of the
role of these proteins on exosomes in sarcoidbsisalso as disease biomarkers to support

the invasive and circumstantial diagnostic procedswf sarcoidosis patients.
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MATERIALSAND METHODS

Study subjects

BALF from 44 sarcoidosis patients (median age 4o05males, and 11% smokers), three
fibrosis patients, two asthma patients and oneoditieepatient was obtained as part of routine
diagnostic investigations at Karolinska HospitalweBlen. Sarcoidosis diagnoses were
established according to WASOG guidelines [21],ebdasn typical clinical signs, biopsies
showing non-caseating granuloma formation, andtalaesographic findings compatible with
sarcoidosis. The diagnoses were further suppornyedifterential BALF cell counts, BALF
CD4/CDS8 ratio and by ruling out other causes oE¢hebservations. Patients with Lofgren’s
syndrome (n=9) were identified by acute onset efdisease with fever, erythema nodosum,
and/or ankle arthritis, and bilateral hilar lymphesn with or without concomitant
parenchymal infiltrates. None of the patients hadeived any kind of immunosuppressant
therapy at the time of bronchoscopy. Healthy cdstfo=22, median age 27, 68% males, and
14% smokers) free of medication, with normal chésay, blood cell counts and electrolytes
volunteered for BAL. No participants showed sigrisr@spiratory infection at least four
weeks prior to the bronchoscopy. All the subjedisvged normocalcemia at the time of
bronchoscopy, which is reported together with thiep characteristics of the patients,
including smoking habits, X-ray stages, serum catcand ACE levels, where available (See
Table E1 in this article’s Online Repository at wyagionline.com). All subjects gave

informed consent adhering to protocols approvethbyegional ethics committee.

Exosome isolation from BALF and blood

BAL was performed as described previously [22]. BA_F was strained through a double
layer of Dacron nets (Millipore, Bedford, Irelandd centrifuged at 400g for 10 min at 4°C.

Cell viability was determined by Trypan blue exdatus and was always >90%. BALF
6
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exosomes were isolated by differential centrifumatas described elsewhere [17]. Plasma
exosomes were isolated by centrifuging whole blab@800g for 10 min, the supernatant was
further centrifuged at 20,0009 for 20 minutes. Thipernatant was filtered through a 2@

filter and ultracentrifuged at 140,000g for 90 mawy the pellet was then washed in PBS.

Sample preparation and iTRAQ labeling

Isobaric tags for relative and absolute quantificat(iTRAQ) reagents and buffers were
obtained from AB Sciex. Additional reagents, inchgl triethyl ammonium bicarbonate
(TEAB), LC-MS grade acetonitrile and methyl methtanesulfonate (MMTS) were obtained
from Sigma. Sequence grade trypsin was used faeiprdigestion (Promega, Madison, WI,
USA). All aqueous solutions were prepared usingewdtom a MilliQ-water purification

system. BALF exosomes were prepared for proteomédyais as previously described [14],
with modifications to accommodate for labeling watplex iTRAQ reagents (ABSciex), as
described in Online Repository including sampleelihgy (see Table E3 in this article’s

Online Repository at www.jacionline.com).

LC-MSMS

An Orbitrap-Velos coupled with an EasyNano-LC (Ther Scientific) was used for LC-
MS/MS. Additional analyses were made with QSTARe&IAB Sciex) together with an
Ultimate 3000 capillary LC (Dionex). The data welieectly analyzed using ProteinPilot™
software and the Paragon™ identification algoritnith a human Swiss-Prot database

(Release 18/08/2011, 20245 entries).

Flow cytometry

To characterize the exosomes based on original B&lléme, 4.5 um anti-human HLA-DR
beads (Clone HKB-1, Dynal®, Oslo, Norway) were eghatwith BALF exosomes

7
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corresponding to 6 ml of the original BALF volumerpl beads, and stained with FITC-
conjugated antibodies to HLA-DR, HLA-ABC, CD9, CD53D63, CD81, CD86, DC-SIGN
(BD Biosciences, San Diego, CA, USA) or MUC-1 (Abtatd, Cambridge, MA, USA), as

previously described [17].

For validation of the ITRAQ results, where exosomaantities were based on total protein
contents, 2 pg of BALF exosomes were addedupef 4 um latex beads (Molecular Probes,
Paisley, UK) coated with anti-human CD63 (BD Biesuwes, San Diego, CA, USA) and
stained with HLA-DR-FITC, CD63-PE, CD55-FITC (BD dgiciences) or C3-PE (LSBio
LifeSpan Bioscience, Inc., Seattle, WA, USA) or lwisotype-matched controls. Samples
were analyzed by a BD Biosciences FACSCalibur™ BlmvJo software (TreeStar, San

Carlos, CA).

Western blot for leukotriene pathway proteinsand complement C3

Methods for Western blots (WB) for detection ofHetrienes and complement C3 are found
in the Online Repository (see detailed methods his farticle’s Online Repository at

www.jacionline.com).

ELISA for Vitamin D-binding protein

To quantify exosome-associated VDBP, BALF exosorfresn 14 patients, 13 healthy
controls and 6 non-sarcoidosis lung disorder ptgi€d with fibrosis, 2 asthma, 1 alveolitis)
were analyzed using an ELISA kit according to trenofacturer’s protocols (R&D Systems,
Minneapolis, MN, USA). Both plasma and exosomefated from the plasma of 23 patients

and 11 healthy controls were analyzed in the saam@ner.

Sucr ose gradient separation of exosomes
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Since VDBP has not been reported associated wibsawes before, we confirmed this by
analysing VDBP in exosome fractions isolated byrsse gradient centrifugation. BALF
exosomes from 5 sarcoidosis patients were pooledsaparated on a continuous sucrose
gradient (0.25-2 mM sucrose and 20 mM HEPES/NaiH/@l) (Sigma-Aldrich, St Louis,
MO, USA), by centrifugation for 20 h at 17,9p@at 4°C. Fraction densities were determined
by refraction index measurements. Each fraction wtnacentrifuged at 100,09Gor 35 min

to pellet the exosomes for detection of VDBP by &A] as described above.

Nanoparticle tracking analysis

To relate the quantities of exosomes between pgat@md healthy individuals, nanoparticle
tracking analysis (NTA) was used, for method dggimn see detailed methods in this

article’s Online Repository at www.jacionline.com.

Bioinformatics and statistical analyses

The Reproducibility-Optimised Test Statistic (ROT33] was initially used to analyse the
iITRAQ determined protein abundances between thithyesubjects and Sarcoidosis patients.
To identify differences between groups, either parametric Mann-Whitney test or Kruskal-
Walllis were performed using GraphPad Prism 5 (Geaph Software, Inc. La Jolla, CA,

USA). P<0.05 was considered significant. More dgtare found in the Online Repository

(detailed methods are found in this article’s GnRepository at www.jacionline.com).
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RESULTS

| solation and char acterization of exosomes from BALF

In agreement with our previous findings [17], salosis BALF displayed total exosomal

protein amounts greater than two times higher 8ahF from healthy controls (p<0.0001)

(data not shown). Smoking status did not signifilyaaffect the exosome protein amounts.
Patient BALF cell phenotypes are displayed in FeghB in this article’s Online Repository at
www.jacionline.com.

Phenotype of exosomes analyzed in iTRAQ

Exosomes from the 15 patients and 5 controls imdud the iTRAQ analysis were coated to
anti-MHC class Il beads and analyzed by flow cytosnel hese analyses detected the CD63
and CD9 exosome markers (Figure 1A-B), as well BA&-ABC (see Figure E1b in this
article’s Online Repository at www.jacionline.cori, both patient and healthy control
exosomes. The patient exosomes displayed signifychigher expressions of HLA-DR
(p=0.0012) and CD54 (p=0.0052) (Figure 1C-D) coraddp the healthy controls. This
difference remained significant also when the Léfgs syndrome patients were excluded

from the statistical analysis

Identification of proteinsin BALF exosomes by iTRAQ

The proteomic profiles of exosomes from 15 patiamd 5 healthy controls were analyzed by
LC-MS/MS after labelling with iTRAQ reagents. Onesage 1400 proteins and 16,000
peptides were detected in each of the three iTRAGe®Ments performed, with the overall

detection of 1479 proteins with two or more distipeptides, at an estimated false discovery

rate of 5 % (see this article’s Online Repositorywavw.jacionline.com). Although 840
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proteins were detected in the exosome samples fadm subjects (>1 peptide)
(http://www.microvesicles.org [24]), we focused anshorter list of 690 proteins for the
statistical analysis, which was filtered to lintietinfluence of quantification measurements

based on single values (See this article’s Onligy@oRitory at www.jacionline.com).

To gain insight into the biological processes aisged with the major changes in protein
abundance, the DAVID bioinformatics tool was udedrichment and clustering analysis was
made for the GO biological processes associatddtiv proteins altered more than two-fold
between the patients and healthy controls. The teimpist of GO biological processes are
listed (see this article’s Online Repository at wjaeionline.com) and summarized in Figure
2. Also, the list of proteins altered two-fold oora between patients and healthy controls are
displayed (see Tables E2a and E2b in this arti@ale Repository at

www.jacionline.com).

A range of proteins were more abundant in patiemdsemes, including glycoproteins
involved in cell-cell interaction, lipopolysacchdet and Vitamin D-binding protein (VDBP).
Kininogen-1, lactotransferrin, prothrombin, serasgerrin, haptoglobulin and apolipoprotein
B-100 were also increased in the patients. Pagieosomes further had a higher abundance of
proteins involved in homeostasis and hemostasiswals as inflammation, including
membrane attack complex (MAC) proteins and enzymeaslved in leukotriene metabolism.
The four IgG subclasses and proteins related tovadicn of adaptive immunity were
upregulated in patients. Hierarchical clusteringtlé iTRAQ results also highlighted the
increase in complement system activators (Figuran8juding C3 in patients compared to
controls (p=0.0012). Reversely, the abundance ahptement decay-accelerating factor

(CD55), a complement system inhibitor, was higherthe healthy controls (p=0.0045)
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(Figure 4A). Amongst the proteins less abundarngatient exosomes were components from

metabolic processes, such as ubiquitination ang:@some activation.

Validation of iTRAQ results

For the proteins highlighted in the ITRAQ analysés,number of the most promising
biomarker candidates and functionally interestingptgins were verified using other
techniques. These targets included complementerklgtroteins, components of the

leukotriene pathway and Vitamin D-binding protein.

Complement-related proteins

Flow cytometric analysis of C3 and CD55 on BALF sxmes from 12 patients and 9 healthy
controls showed that the lower levels of CD55 deeiifRAQ (Figure 4A) could be verified
(Figure 4B, p=0.0016). Complement component C3,ewar, which was found by iTRAQ to
be more abundant in patients (Figure 5A), showeddifference (p=0.456) (Figure 5B).
However, as flow cytometric analysis detects orgitapes exposed on exosomal surfaces,
western blot was used to investigate total C3 fev€he WB analysis showed that C3 was

clearly present in patient exosomes, whilst badelgctable in healthy controls (Figure 5C).

Proteins of the leukotriene pathway

LTA, hydrolase (LTAH) is a potent chemo-attractant for several tygdeukocytes and the
enzyme that converts LTA0 LTB,. The iTRAQ data indicated that LA was more
abundant in patient exosomes (Figure 6A), and tlBzaialysis clearly verified this (Figure
6B), showing a significantly higher band intensity the sarcoidosis BALF exosomes
compared to healthy exosomes (p=0.02, Figure 6@)th@ other hand, 5-lipoxygenase (5-

LO), which catalyses formation of LTAfrom arachidonic acid, was found to be 1.3-fold

12
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more abundant in healthy BALF exosomes by iTRA (8s article’s Online Repository at

www.jacionline.com), which was validated with WBadysis (p=0.024) (Figure 6B).

In keeping with our earlier findings [18] we demtrated a more stable fluorescent signal in
5-lipoxygenase-activating protein (FLAP) exosomespared t@-actin, suggesting FLAP

to be a more suitable reference protein for BALBs&xmes.

Vitamin D-binding protein

Vitamin D dysregulation has been described in sdosis, and we here present the first
evidence associating exosomes to this topic. THRA(J analysis indicated a 2-fold
upregulation of VDBP (see Table E2a in this arteleOnline Repository at
www.jacionline.com) in patient BALF exosomes congghto healthy individuals (p=0.0012)
(Figure 7A). To validate these differences, we yredl BALF exosomes from 14 sarcoidosis
patients, 13 controls and 6 patients with othegldiseases (three with fibrosis, two with
asthma, one with alveolitis) by ELISA. We found réfgcantly higher levels of VDBP in
sarcoidosis patient exosomes compared to bothhyeatintrols (Figure 7B) and the patients
with lung disorders other than sarcoidosis (datashown). To further evaluate VDBP as a
disease biomarker, we used ELISA to analyze VDBRlasma from 23 patients and 11
controls, but found slightly lower levels of VDBR patients (Figure 7C). However, when
investigating exosomes isolated from the plasmsigaificantly higher level of VDBP was
seen in the patients (Figure 7D), suggesting tisstade-associated levels of VDBP are more
distinct in exosomes compared to in whole plasnhgs @ifference remained significant when
the Lofgren’s syndrome patients were excluded ftbenstatistical analysis.

Receiver operating characteristics (ROC) analysisof the plasma
exosome-associated levels of VDBP gave an arearuodeve (AUC) of 0.83 (95%

confidence interval of 0.69 to 0.97, p = 0.0024)n @e basis if these data, if the

13
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exosomal VDBP concentration would be used as a ndstg test, a threshold
concentration of 24.4 ng/ml, (based on the Youdewex of the ROC curve),
could be used to discriminate patients from healthybjects with a sensitivity
of 73.9% and a specificity of 81.2%, with positivand negative predictive
values of 89% and 60%, respectively (see figureirEkhis article’s Online Repository at
www.jacionline.com). However, further measuremeintsn a wider cohort of cases and
controls would be needed to robustly validate VD&Pa clinically applicable biomarker for
sarcoidosis. We also verified that VDBP is not @iynco-pelleted with exosomes during
centrifugation by detecting VDBP in the sucrosedgrat-fraction corresponding to the
exosomal density (see figure E2a in this artici®hdine Repository at www.jacionline.com).
Plasma exosome quantities were also compared betpa@ents and healthy controls by
nanoparticle tracking analysis (NTA), which showed significant difference in vesicle
concentrations between the groups (see figure B2this article’s Online Repository at
www.jacionline.com). Plasma exosome levels of VDBEre also plotted against disease
stage and the main BAL cell composition as welspsometric data, however showing no

correlations (see figure E4 in this article’s OalRepository at www.jacionline.com).
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DISCUSSION

We have previously demonstrated in functional gsidhat BALF exosomes from sarcoidosis
patients induce pro-inflammatory effects in PBMQ apithelial cells [17], and that asthma
patients BALF exosomes when added to epithelidk datluce the production of IL-8 and
leukotrienes [19]. To investigate possible mechasibehind this pro-inflammatory role of
exosomes in airway disease, we conducted the d¢wstedy. We compared the proteome of
BALF exosomes between sarcoidosis patients andhygadividuals by iTRAQ to screen for
targets for further investigation. The most intéresresults were verified by flow cytometry,
ELISA and WB. These novel data demonstrate, forfiisé time, that VDBP is present on
BALF exosomes, and significantly increased in sal@sis compared to healthy controls. A
higher level of VDBP was also found in exosomedaisal from the plasma of sarcoidosis
patients (23 patients vs. 11 healthy controlsgngithening the possibility of using exosome-
bound VDBP as a biomarker. We also show that exesadimom sarcoidosis patients carry
leukotriene-forming enzymes, which is in keepinghwour and others’ observations of
exosome involvement in leukotriene pathways [17-ZDdmplement factors and proteins
involved in inflammatory processes were also ineeean patients, as were proteins involved
in innate and adaptive immune responses, protetiurateon, hemostasis and homeostasis,
which supports a pro-inflammatory role for exosonresarcoidosis and may explain their

cytokine-inducing capacity, which we previously oejed [17].

Previous studies have shown proteome profilestal ®ALF, of lung disorder patients [25-
28], including sarcoidosis [29], but not BALF exases. In 2002, Maget al. demonstrated
that the protein composition of BALF in sarcoidog@ients has a more inflammatory protein
profile, including calgranulin A and B, cyclophil&, complement activators components and

VDBP, whencompared to idiopathic pulmonary fibrosis (IPF)igats [25]. In addition,
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Sabounchi-Schiitt al. reported that sarcoidosis BALF samples had higgesls of proteins
involved in immune responses and in inflammatorycpsses compared to healthy controls
[26]. However, in our study, which to our knowledgehe first full proteomic analysis with
validations of exosome proteins in BALF, the datmgest that exosomes may be more
specific markers compared to the whole proteomem@ement activators, such as
complement factor B, C1q, C1s, C1r, C2, C3, and brane attack complex (MAC), showed
higher relative abundance in patients, whereas t@mgnt inhibitory CD55 and CD59 were
decreased. This may reflect a protective role oseres, which clear complement activators
from cells in inflamed areas by removal of the MA#Dssibly to protect surrounding cells
from MAC attack [30, 31]. On the other hand, C3gfreent-containing exosomes may
potentiate antigen-specific immune responses [32jken together, the presence of
complement activators and the low expression abitdrs of the complement system suggest
that BALF exosomes in sarcoidosis patients may plagodulatory role in the disease. The
iITRAQ data indicated that the levels of C3 were entinan two-fold higher in patients
compared to healthy controls. Flow cytometry of éixesomes did not show the same trend,
possibly due to a localization of C3 in exosomexaessible to flow cytometry antibodies.
Indeed, WB analyses for C3 showed that whilst C% wkearly present in the BALF
exosomes from patients, it was barely detectabl¢hen healthy controls, confirming the
ITRAQ findings. This could be interpreted as thati€ only accessible to recipient cells after
internalization of exosomes. Intracellular C3 hagrb shown to sustain T cell homeostasis
and mediate effector differentiation [33], and ntigterefore drive T cell activation and IFN-
y production in these patients. The localizationdasexosomes also suggests that C3 is

loaded in exosomes during formation and not boorttiém after production and release.
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LTs are inflammatory mediators produced by oxidatbarachidonic acid through an
enzymatic cascade initiated by 5-LO, mediatingepexide formation by the LTAsynthase
activity [34]. The final product, LTA can be converted by LTA to proinflammatory
leukotriene B [35]. Earlier studies have reported the presencsobfble LTAH in human
BALF with LTB4-producing capacities [36], and we have detected\JT in BALF
exosomes from allergic asthmatic patients, whileCblevels were almost undetectable [19].
In the present study, both the iITRAQ results anal Western blot analyses showed that
LTA4H was significantly more abundant in sarcoidosisLBAexosomes, while 5-LO was
more abundant in controls. This apparently invepatiern in patients compared with healthy
individuals suggest an altered LT pattern in salesis, and warrants further investigations,
especially given the amplitude of already availdblemodifying drugs, possibly beneficial
for sarcoidosis patients. Our previous findingslleB induction by LT enzymes in asthma
exosomes, and the observation of high levels of@x@s in sarcoidosis [17 and this study]
suggests that these enzymes associated to exosaayelse conveying inflammatory signals

also in sarcoidosis.

Granulomas in sarcoidosis express high levelsoafiyidroxylase, an enzyme that catalyses
hydroxylation of 25-OH vitamin D to its active form,25(OH)2 vitamin D [37], which has
been found positively associated with sarcoido38.[VBDP is the primary transporter of
vitamin D and makes it available to specific tisswnd cell types [39]. VDBP bound to
complement component 5a also has a chemotactict effieneutrophils and macrophages [40,
41], and VDBP can act as a macrophage-activatiotpfa(MAF) [42]. VDBP has been
previously detected in sarcoidosis patient BALF,[28] and plasma [43], although not in
connection with exosomes and not with any incréagbe plasma. We found VDBP at two-

fold (by iTRAQ) higher levels in sarcoidosis patidBALF exosomes compared to healthy
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individuals, and successfully validated these figdiby ELISA and showed that VDBP was
not increased in any of the subjects in a controlg of non-sarcoidosis lung patients (three
fibrosis patients, two with asthma and one withealitis). Diagnosing sarcoidosis is a
circumstantial task and better diagnostic procesl@e warranted. To evaluate exosome-
associated VDBP as a biomarker in blood, we theeefovestigated exosomes isolated from
sarcoidosis patient plasma, and found significahtiher levels of VDBP compared to in
healthy controls. The higher levels of VDBP in sddosis plasma exosomes are not
attributed to increased numbers of exosomes, agrshyg NTA, but rather enrichment for the
protein in the exosomes. The fact that only exosaess®ciated, but not total VDBP levels
were increased in patients further supports theoligxosomes as biomarkers, and if we will
be able to select organ-specific exosomes (i.en fitee lung) for analysis we might increase

specificity and sensitivity even further.

In conclusion, the observed differences in exosprogein expression between sarcoidosis
patients and healthy controls suggest a role fosemxes in several central inflammatory
systems, including leukotriene pathways. Theséargglmay help to clarify the progress or
driving cause of sarcoidosis and provide new diestfor its prophylaxis or treatment. We
also highlight exosome-associated complement cosmgsrand VDBP as candidates for
sarcoidosis biomarkers. Diagnosing sarcoidosiscismaplex task, and our finding that
exosomes may carry disease biomarkers even indeenp of patients, opens up the
possibilities for both improved diagnostic and fetstudies on the implications of exosomes

in sarcoidosis.
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FIGURE LEGENDS

Figure 1. Protein profiles of BALF exosomes captured byi-Mt#C class Il coated latex
beads and analyzed by flow cytomet®d+B, Exosome-markers tetraspanin CD63 and CD9.
C-D, Expressions of HLA-DR and CD54 on exosomes. Miean fluorescence intensity
normalized to isotype controls. Open circles atéepss with Lofgren’s disease, closed circles
repesent chronic sarcoidosig<0.05, **p<0.01 by Mann-Whitney or Kruskal-Wallis test

(the latter for Lofgren’s/non-Lofgren’s/healthy imdiuals).

Figure 2: Summary of the biological processes affected LB exosomes from sarcoidosis
patients compared to healthy controls as measusedTBAQ. DAVID, a functional
annotation clustering tool, was used to group eelablogical processes. Annotation clusters

with an up and down-regulated expression score@pre Zhown

Figure 3: Activating and inhibiting proteins involved ind@hcomplement cascade show a
different profile in BALF exosomes in sarcoidosegtipnts and healthy controls as measured
by ITRAQ. The abundance of the proteins is relatedhe internal control. Bars represent

relative linear protein abundance in sarcoidosi@pts and healthy controls.

Figure 4: CD55 levels are lower in patient BALF exosomesnthia healthy controls as
measured by iTRAQ and flow cytometrf, Relative abundance of CD55 compared to a
pooled reference, measured by iTRAQ in sarcoidpaients and healthy controB, CD55

levels on exosomes bound to anti-CD63-coated beads measured by flow cytometry
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adjusted to isotype-matched control. Open circtespatients with Lofgren’s disease, closed
circles represent chronic sarcoidosig<0.05, **p<0.01 by Mann-Whitney or Kruskal-Wallis

test (the latter for Lofgren’s/non-Léfgren’s/hegliindividuals).

Figure 5: Patient BALF exosomes carry more complement C3 eoetpto healthy controls.
A, Relative abundance of C3 compared to an intgroaled reference measured by iTRAQ
in sarcoidosis patients and healthy contrBIsC3 levels on exosomes bound to CD63-coated
beads and measured by flow cytometry adjustedotyps-matched controC, Western Blot
analysis of C3 in protein isolates from BALF exossmof sarcoidosis patients (P1-P6) and
healthy controls (H1-H5), MW = molecular weight tkar. Before transfer, the gel was
scanned for total protein contents, relative inteess correlating with protein amounts are
plotted in percent of the strongest sample. Opecies represent patients with Loéfgren’s
disease, closed circles are patients with chroaicasdosis. p<0.05, **p<0.01 by Mann-

Whitney or Kruskal-Wallis test (the latter for Léémn’s/non-Lofgren’s/healthy individuals).

Figure 6: BALF exosomes carry leukotriene pathway enzymi&s.LTA4H in BALF
exosomes detected by iTRAQ in sarcoidosis patiants healthy individuals. Open circles
represent Lofgren’s syndrome, closed circles reprepatients with chronic sarcoidosiB,
Western blot analysis of 5-LO and LTA4H in patief® and healthy controls (HX,
Quantitative analysis of LTAl Western blot band intensitiegp<0.05, **p<0.01 by Mann-

Whitney or Kruskal-Wallis test (the latter for Laémn’'s/non-Lofgren’s/healthy individuals).
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Figure 7: Vitamin D binding protein (VDBP) is present on ego®es and is enriched in
patients compared to healthy contrdls.Relative abundance of VDBP on BALF exosomes
as detected by ITRAQ relative to a pooled refereB;eVDBP on BALF exosomes from
healthy controls and sarcoidosis patients as medsoy ELISA. In the sarcoidosis group,
open circles represent patients with Lofgren’s alige and closed circles patients with chronic
diseaseC, VDBP measured in plasma of patients and healtimgrols by ELISA.D, VDBP
levels on exosomes isolated from plasma, as mehsyeELISA. *p<0.05, **p<0.01 by
Mann-Whitney or Kruskal-Wallis test (the latter fdrofgren’s/non-Lofgren’s/healthy

individuals).
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Detailed methods

Sample preparation and iTRAQ labeling

The BALF exosomes (50 pg per subject) from 15 sdosis patients and 5 healthy controls were preatigil using acetone (6:1), dissolved in a denajusixffer (6 M urea, 0.05% SDS, 5
mM EDTA, and 50 mM Tris-HCI (pH 8.5)), and reduceith 1 mM Tris 2-carboxyethyl phosphine hydrochttarifor 2 hours minutes at 37°C, followed by alkigiatwith the addition of 1 pl

of 200 mM MMTS and incubation for 10 min at roonmfgerature. Proteins were digested overnight (1&ith) trypsin (20:1, sequencing grade modified tigpgPromega, Madison, WI,

USA) at 37°C. The digests were purified using Seg@ Vac C18 cartridges (1cc/50mg) (Waters, Milfokth, USA), dried and re-dissolved in 0.5 M TEAB (80). The purified digests

were assayed at 280 nm with a Nanodrop detectar(fitn Scientific, Waltham, MA, USA) and the concatibns adjusted such that equal (estimated) amairtse peptides would be
labelled (40 pg). A sub-aliquot of each unlabeliiggkest was taken to create a reference pool thdt dme used to cross compare samples across spER#AQ experiments. The labeling
was performed and mixtures composed such that3teades and 5 controls were divided between thyex8experiments, each with one reference pod (Eporter), two controls (or one

control and one control pool) and five cases.

Small aliquots of the labelled samples were anayzg LC-MS/MS to confirm efficacy of the labellirexperiments before proceeding. The labelled sampézs mixed (as indicated in
below, Supplementary Figure 6), dried and acidifitdese mixtures were fractionated by strong caéiechange chromatography using a 200 mm x 4.6 mnmPolySULFOETHYL-A
column with a BioCAD HPLC system, as previouslyaésed (1). Forty SCX fractions were collected,edriand desalted using OMIX C18 100-ul tips and gaain the basis of UV

absorption at 280 nm, determined with a Nanodrapater (Thermo Scientific, Waltham, MA, USA).
LC-MS/MSAnalysis

i) A QSTAR-Elite was used together with an Ultim&®00 capillary LC was used for LC-MS/MS. Spectrere recorded between 350 to 1,400 m/z for theit@pmost intense fragment

ions with the enhance iTRAQ setting applied.



A 150 mm x 75 pum i.d. tapered column packed withgd C18 (200A) was used in combination with a 2 m®00 pm C18 pre-column (LC-Packings, Amsterdamthidriands). The
separation buffers were 98% water, 2% acetonirilé 0.2% formic acid for the A-phase, and 95% atgile, 5 % water with 0.2% formic acid for the@wase. The separation gradient was
from 2 to 35% B in 68 minutes at a flow rate of 200nin, (further details are indicated in the sigppentary information). The QSTAR was used to comfiabelling efficiency and for

preliminary analyses of the labelled samples.

i) An Orbitrap-Velos coupled with an EasyNano-L@salso used for LC-MS/MS. The MS/MS data were &edun positive ion mode with a data dependenteiiipn setting for HCD of
the 10 most intense ions (m/z 300-2,000) with chastgtes of 2+ or higher. MS1 spectra were acquitdd the Orbitrap set to a resolution of 30,0008z 400), with a target value of
1,000,000 ions and a maximal injection time of b@) MS/MS spectra were acquired in the Orbitrapaitesolution of 7,500 (at m/z 400), a target @afi50,000 ions, a maximal injection

time of 200 ms, and the lowest mass fixed at mz Dynamic exclusion was set to 60 s.

A 75 pm x 150 mm analytical column packed with 5 Magic Gg (Michrom, Auburn, CA, USA), coupled together wih20 x 0.1 mm i.d. pre-column packed with 5 pum Mags
(Michrom, Auburn, CA, USA) silica, was used witlgeadient from 5 to 40% B in 100 min, at a floweratf 300 pl/min. The Orbitrap was used for analgdithe SCX fractions and thus

produce the data used in the final quantitative gamisons.

LC-MS/MSData Analysis

The QSTAR data were directly analysed using PrBieno™ software and the Paragon™ identificationoatfym (2) with a human Swiss-Prot database (Rel@agyust 18th 2011, 20245
entries including 162 common non-human contamiparitse database searches were made in thorough spaiEfying 8-plex-iTRAQ quantification, trypsingdistion and MMTS
modification of cysteine. The Orbitrap data weralgsed with Proteome Discover (version 1.3) togetligh Mascot (Matrix Science, Boston, MA, USA) sfiging 8-plex-iTRAQ
guantification, trypsin digestion and MMTS modifian of cysteine, deamidation of N/Q and methionixédation, using the same database. The masatalersettings of 5 ppm for the
precursors and 0.02 Da for fragments were use@dctommodate analysis of the Orbitrap data withemBllot, the files were converted to MGF formaihgsProteome Discover version 1.3
(Thermo Scientific, Waltham, MA, USA) and filtereding the script PeakConvert, as described elsen3gr False discovery rates for identification evealculated with the ProteinPilot™

PSEP functionality, based on the relative propartbidentification from the forward and reversgusence searches (4). A confidence threshold of @B%rotein identification was applied.



ITRAQ ratios were calculated relative to the pookeference using both ProteinPilot™. ProteinPilof&tilitated the combination and co-analysis of diatan the different mass
spectrometers and was thus chosen. The ProteifiPilatio calculations are based on the weightedameeratio of the contributing peptides, as previodsscribed (1, 5). The calculations
excluded values that were blanks, zeros, greater @9, or for which the sum of the peak areasds than 40 counts. Only peptides sequences that weque were used for protein

quantification. Peptides that indicated non-tryptieavage, or contained a low probability modificatwere also removed. A cut off excluding peptidésntified with less than 65%

confidence from quantification was applied. Datanmalization was made to correct for possible syst@rbias. The software package R (http://www.rpebprg/) was used to merge the
data. The ProteinPilot™ Descriptive Statistics &) Protein Alignment Templates were used to akdwdling efficiency and compare iTRAQ experimemnsspectively. The mass

spectrometry proteomics data have been depositedhéo ProteomeXchange Consortium (7) via the PRIp&tner repository with the dataset identifier PXD808

(http://www.ebi.ac.uk/pride/archive/). The data wasverted using PRIDE Converter2 (8, 9) (httpidgrconverter.googlecode.com).

SDS-PAGE and western blot for leukotriene forming enzymes

Exosome aliquots were mixed with 4x Laemmli butied heated for 5 min at 95°C. Typically, 7.5 ugwobsomal proteins were loaded for each sample gpatated on SDS-PAGE 4-20%
pre-cast gels (BioRad Laboratories, Hercules, CBAY After electroblotting, the nitrocellulose merabes (GE Healthcare, Amersham Place, BuckinghaedbK) were blocked for 1 h
with 5% dry milk powder in Tris buffered saline wi0.1% Tween-20. The following antibodies were usediouse antisera (rabbit polyclonal) against®-[1:300 dilution), FLAP (1:300),
LTAH (1:750), peroxidase-conjugated primary antiboggimstp-actin (1:2000 dilution, Sigma-Aldrich, St Louis,®] USA) and IRDy& 800CW antirabbit secondary antibody (1:10000)

(Li-COR, Lincoln, NE, USA). Protein bands wereefged by the LI-CORDdyssey IR Imaging System.
Western blot for complement component C3

Exosome aliquots were mixed with RIPA buffer, satéel and vortexed in cycles to isolate exosomakpre. Four micrograms of total proteins were mikedX non-reducing Laemmli
buffer and separated on a pre-cast any kD gel @ioRaboratories, Hercules, CA, USA) at 240 volts3d minutes, and total protein contents of thewged visualized using a stain-free scan
technology (BioRad Laboratories, Hercules, CA, USM)e proteins were then transferred to a PVDF manéin a semi-dry Turblot system (BioRad LaboiasrHercules, CA, USA).
The membrane was blocked and incubated with primaoyse anti-human C3 (Abcam Ltd). As a controlrfon-specific binding, an identical second gel was in parallel and treated

identically but without primary antibody. Second&§L sheep anti-mouse HRP-conjugated antibody (®E&ltHcare, Amersham Place, Buckinghamshire, UK)an&CL developing kit



(BioRad Laboratories, Hercules, CA, USA) were usefibre scanning the membranes using a ChemiDooiscéBioRad Laboratories, Hercules, CA, USA).

Nanoparticletracking analysis

An LM10 instrument equipped with an LM14 laser uiNanosight/Malvern, UK) was used to record vessadeples under constant flow induced by a syringap The NTA 3.0 software
was used to analyse the videos and calculate eesimé distributions and concentrations. Samples wituted to vesicle concentrations between (£-i@8icles/ml and 30-50 particles per
frame, and five 60 second videos were recordedgiple at camera level 13. Batch processing wabtosenalyse the videos at threshold level 5, tieguhistograms were overlaid and the

average vesicle concentration of each batch wastoseompare relative vesicle quantities betweeiepis and controls.

Bioinformatics

The Reproducibility-Optimized Test Statistic (ROM&s used for these analyses (10) to determineiprabundances between the healthy subjects acdidasis patients. With this method
the test statistic is interpolated from the inhédistribution of the data and does not assume abdistribution of the data. Comparisons were maeleveen exosome samples form healthy
subjects versus those from Loéfgrens-Sarcoidosismatand from non-Lofgrens Sarcoidosis patienitee I6fgrens-Sarcoidosis and non-Léfgrens samplees also compared. The Orbitrap
data was used in the quantitative comparisons.

GO annotation and Pathway analysis: Ingenuity payhanalysis and Database for Annotation, Visuabnaand Integrated Discovery (DAVID) (http://da\athcc.ncifcrf.gov/) were used to

identify common pathways and functional annotai@sociated with the protein identified as diffelaht abundant between the Sarcoidosis subjectscanttols (ROTS analysis, false

discovery rate of <0.05).

To identify differences between two groups, the-pamametric Mann-Whitney test was used. For compatfiree groups the Kruskal-Wallis test was peréatmsing GraphPad Prism 5

(GraphPad Software, Inc. La Jolla, CA, USA). P<0M@s considered significant.



Table E1. Demographic and clinical data of subjects incluntetthe study

BALF exosomes from patients 1 to 15 and healthy 8 ¢(healthy subjects on next page) were analyga@RAQ. Patients 48-53 served as non-sarcoidosig Hisorder controls for plasma
exosome VDBP levels. Smoking status: no, nevershasked; ex, stopped smoking more than 5 years yag;current smokers. Missing data are represeayted Normal C4' levels in

blood are 2.2-2.6 mmol/L. Normal Egdon free values are 1.11-1.30 mmol/L. Diseaseestage confirmed by radiology findings.

BAL cells Spirometry
— =

s(S(E| 2|5 8 [ | P82 |8 ~e || |5 |s[8|&a[S|<¢|g[B]|s]| 8 |¢&
= SR 75| ¢ m 3 = |51 38| °|°® S S B £ |3
P1 41| F Yes 4.1 2.45 1.29 | 131.3 No 2 278,6 81 18,2 0,8 0 0 3 17 56 55 71 51 58 76
P2 |45]| F Ex 14 2.35 126 | 57.8 Yes |1 186,2 78 21 1 0 0 0 31 80 | 90 - 79 - 83
P3 |45 | F Yes 7.3 2.31 1.27 81.6 No 1 170,6 79,41 20,4 0 0 0 0 7,3 110 | 11 | 122 107 85 78
P4 | 51| F Ex 6.5 2.34 1281 90.3 Yes | 2 210 59 32,6 1,2 6,8 | 04 56 13 79 | 78| 91 72 65 75
P5 |69 ]| F Ex 5.8 - - - No |- 185 65 32,8 0,4 1,2 ] 0,6 10 5,2 - - - 106 - 76
P6 |29 | M Ex 12 2.28 - 224.2 No |- 210,4 55,4 | 44,2 0,4 0 0 3 2,9 - 10 - 103 - 79
P7 |37 | M Ex 9.5 - - - No |- 202,2 41 55,4 3,2 0,4 0 0 3,6 59 - 73 31 64 41
P8 | 38| M N 8 2.46 1.3 - Yes | 2 279 42,6 | 55,4 1,2 04 | 04 5 2,6 | 100 | 97 - 96 - 73
P9 |39 | M N 3.3 2.24 1.25]| 818 No |2 136,3 77,2 | 20,8 1,6 0,4 0 0 4,2 89 |10 - 103 - 90
P10 | 41| M | Yes 14 2.38 1271 96.9 Yes | 1 323 76 22 0,6 1,4 0 12 2,2 88 - 88 94 107 81
P11 |44 | M N 10 2.34 1.25 | 163.1 No 2 264 55 43,6 0,9 0,5 0 0 1,2 - - - - - -
P12 |51 | M N 21 2.49 136 | 853 No |2 205 66 29,6 2,3 2,1 0 11 1,8 - 92 - 96 - -
P13 157 | M N 13 2.27 1.24 | 143.1 No 1 168,2 46 50,5 1,3 1,7 0,2 0 3,5 - 73 63 69
P14 165 | M N 4.7 2.27 124 | 87.6 No |2 236,3 58,6 19 19,5 2,9 0 5 9,8 B |77 77 72 76 70
P15 169 | M N 10 2.26 121 ]| 612 No |1 110 56,2 | 41,8 1,6 0,4 0 0 4 64 | 10 - 69 - 80
P16 |26 | F Ex 7,7 2,36 - 77,9 No |3 137,9 73,6 | 24,6 0,6 1,2 0 0 4,6 93 - 94 100 97 90
P17 | 31| F Ex 57 - - - Yes | 2 306,7 79,2 | 20,2 0,4 0,2 0 2 24 106 - | 100 104 75 79
P18 | 34| F No - - - - No |-

P19 | 35| F No 4.8 - - Yes | 2 100 84,6 | 13,2 1,4 0,8 0 0 7,5 - - - - - -
P20 | 36| F No 5.1 2.24 122 | 57.2 No | O 88,3 82 16,4 1,6 0 0 0 3,6 89 108 83 97

P21 1 36| F | Yes 9,1 - 1,26 | 84,3 Yes |1 171,6 89,4 | 10,2 0 0,2 0 2 34,4 13 119 79
P22 | 37| F No 15.6 2.24 1.27 - No |1 98 64,3 | 25,3 10 0,4 0 0 56| 74 | 78 81 91
P23 | 38| F No 18 - - - Yes | 1 388 59,7 38 2,1 0,2 0 0 2,7 72 | 71| 68 64 66

P24 | 39| F No 13,9 2,34 - - No |1 104,4 75,6 | 23,2 0 1,2 0 0 2,5 77 | 83 85 84




P25 140 | F No 17 2.26 1.26 - Yes | 2 197 51,2 46 1,2 1,6 0 2 2,9 57 | 58] 90 73 84 99
P26 | 45| F Ex 14,7 2,23 - 95,3 Yes | 1 225,8 59,7 ] 39,5 0,8 0 0 1 21 77 | 75 61 60
P27 | 48| F No 8.3 2.35 - - No |3 179 91 8,2 0,2 0,6 0 3 9,2 76 | 74| 83 88 82 93
P28 |50 | F No 12.1 - - - No |2 126,5 76,4 ] 20,4 18 1,4 0 0 2,5 94 | 93 78 64
P29 |52 | F No 18.7 - 128 ]| 105.7 | Yes | 2 416 53,6 | 40,8 4,6 08 | 0,2 1 33 85 88

P30 | 56 | F No 9.2 - 131 ]| 1265 | Yes | 2 145,6 57,7 41,5 0,8 0 0 0 14

P31 159 | F No 9,7 - - - No |2 192 57,7 42 0 0,3 0 0 4 84 92 82 70 77
P32 1 78| F No 4.9 2.23 - 35.4 No |2 275,7 56,6 | 42,6 0,3 03] 02 0 7,1

P33 128 | M Ex 8,5 - - - No |2 101,8 80 18,3 1,3 0 0 0 3 93 11 117 79
P34 129 | M Ex 26.4 2.32 1.26 - Yes | 1 152,2 62,7 | 36,5 0,5 0,3 0 3 39 94 92| 91 90 102 75
P35 131 | M No 3 2.53 121 ]| 76.6 No |2 156,7 93,8 54 0,8 0 0 4 14,9

P36 | 33| M No 9.2 2.36 1.33 76 No |2 332,6 44 53,7 1,3 1 0 0 14 92 84 83 84 72
P37 | 41| M | Yes 6 2.32 - - No |2 693 75,6 | 23,4 0,8 0,2 0 39 13 84 84 85 95 76
P38 |43 | M Ex 14,5 2,36 - 137 No |2 125 78,6 | 20,4 0,2 0,8 - 7 3,2 71 | 60 69 74
P39 144 | M No 3.2 2.38 - 77.1 No |2 437,6 65,2 | 34,5 0,3 0 0 14 90 | 90 87 74
P40 |45 | M No 15.2 2.17 - - Yes |1 272,3 68,5 28 3,5 0 0 35,3

P41 |46 | M No 6.3 2.23 1.24 - Yes |1 165,7 80,5 17 2,5 0 0 26 67 | 64| 86 63 91 71
P42 1 46 | M No 15 2,32 - 34,7 No |1 323 76 22 0,6 1,4 0 12 2,2 88 88 94 107 81
P43 1 46 | M | Yes 0,8 2,27 - 54 No |2 384,6 89,8 9,4 0,8 0 0 0 3,3

P44 148 | M Ex 7.8 2.46 1.3 - No |1 2527 816 | 16,8 1,2 02 | 02 4 3,1 74 | 77 84 85
P45 149 | M No 8,6 2,38 - - Yes | 1 123 70,4 21 0,8 76 | 0,2 11 8,5 92

P46 | 52 | M No 9.6 2.63 15 - No 620,2 78,2 ] 20,2 1,6 0 0 30 4,5 62 65 66 60 80
PA7 1 68 | M Ex 37,1 2,28 - 72,7 No |2 231,4 59,6 | 39,2 1 0 0,2 0 2,3 66 65

N1 |20]| F No - - - - Asth 44,2 86,4 | 10,7 2,7 0,2 0 8 - 102 | 10 82

N2 |25 | M No - - - - Asth S 83,5 3,5 13 0 0 0 - 92 10 94

N3 |69 ]| F Ex 2.1 2.36 - - Fibro | - 335 75 22,8 0,6 14 1] 02 19 3 69 | 66 65 72
N4 |75 | M Ex 15 2.34 - - Fibro | - 427,1 72,2 20,6 5 1 1,2 63 - 105 | 10| 90 109 78 74
NS |50 F No 17,6 2,29 - - Alve 163,4 56 33,2 10,6 0,2 0 13 - 67 | 63| 80 45 74 54
N6 | 72| F No 3,2 2,41 - - Fibro 464 49,6 | 39,8 5,2 4 1,4 16 6,1 77 | 78 78




Table E1 continued, healthy controls.

BAL cells Spirometry
T 2|l 8 | .0 | o8| s c . m < |4 .
Slz|glz| 5| gd| B | & E A - O N S
F|°|* % § sz - % =1 z 3 3 o a < N <
H1 | 23| F N 2 52,1 92,6 6 1,4 0 0 3 - 104 100
H2 |24 | F N 2.7 - 67,4 95 3,2 1,8 0 0 0 - 98 103
H3 |23 | M N 1.6 - 39,7 97 2,3 0,7 0 0 0 108 107
H4 | 25| M N - - 110 77 8 14,8 0 0,2 1 - 113 91
H5 |30 | M N 1.2 - 81,3 89,6 9,8 0,6 - - 1 - 106 109
H6 |20 | F No 1,4 - 83,1 73,6 25 1,4 0 0 0 2,8 105 97
H7 |21 ]| F No 2.9 2.39 111,21 91 7,6 1 0,4 0 0 - 123 126
H8 |24 | F No 3.2 2.4 44,8 97,8 2 0,2 0 0 0 - 112 111
HY | 25| F N 2,6 - 204,5 91,3 2,6 55 0,6 0 0 - 102 101
H10 | 39 | F No 2.9 2.35 56,4 86 10,3 3,7 0 0 0 - 92 95
H11 |42 | F No 3,7 - 105,8 89,3 57 5 0 0 0 1,3 115 119
H12 | 52 | F N 2,5 - 89,2 84 14,5 15 0 0 0 - 91 84
H13 |18 | M No 1.4 2.39 62 88,3 10,6 11 0 0 0 4,5 118 107
H14 |20 | M N 1,1 - 57,4 95,3 3,6 0,8 0,3 0 2 - 106 89
Hi15 |21 | M N 3,3 - 68 89 9,6 1,4 0 0 2 88 103
Hi6 |22 | M No 0.7 2.32 76,8 93 4,8 2 0 2 0 2,9 115 113
H17 | 22 | M | Yes 2.4 2.35 61,9 90,6 8,8 0,4 2 0 5 3,9 106 106
H18 |22 | M No 2,6 - 86,98 88,3 11,3 0,4 0 0 6 - 130 125
H19 | 23| M No 7 2.48 95,4 85,6 13,3 11 0 0 0 - 122 117
H20 | 24 | M N 4,8 - 85,4 87,1 11,3 0,6 1 0 0 128 103
H21 |24 | M No 1,4 - 72,3 89,3 10 0,7 0 0 0 - 108 108
H22 |24 | M No 2.4 2.35 79,8 87,3 11,6 0,9 0 0,2 7 - 85 73
H23 |26 | M N 4,2 - 152,5 66,6 31,6 1,8 0 0 0 86 89
H24 | 26 | M N 1,3 - 61,7 93,6 6,3 0,1 0 0 1 107 109
H25 |29 | M No 1.5 2.32 39,5 86,2 12,6 0,3 0,9 0 0 - 121 112
H26 | 52 | M | Yes - 2.33 570,7 95,6 4,2 0,2 0 0 2 - 122 122
H27 | 53 | M | Yes 0,7 910,8 93,2 54 1,2 0,2 0 4 - 99 80




Table E2a. List of proteins two-fold or more increased in adancy in 15 sarcoidosis patients compared tohedithy individuals.

. Average Protein | % Sequence| Unique Average
ID Protein Name FDHR fold ; -
difference Score coverage | peptides| Calculations

P02748 | Complement component C9 q 3.01 22.91 24.0 5 1 31
P02760 | Protein AMBP 0 2.95 15.74 28.7 9 29
P01042 | Kininogen-1 0 2.88 19.7 211 15 19
P05546 | Heparin cofactor 2 0 2.86 34.04 425 24 36
P09871 | Complement Cls subcomponent 2.85 8.7 134 6 6
P02751 E:ci:l?g))nectin (FN) (Cold-insoluble globulin) 0 2.79 175.92 49.4 191 287
P18428 | Lipopolysaccharide-binding protein (LBP) g Ve 11.18 16.0 7 16
Q96PD5 | N-acetylmuramoyl-L-alanine amidase 2.64 8.53 31.8 11 16
Q15063 | Periostin (PN) 0 2.64 35.61 325 28 41
P19827 | Inter-alpha-trypsin inhibitor heavy chain H1 0 2.62 34.36 24.2 23 37
P02765 | Alpha-2-HS-glycoprotein 0 2.61 21.95 43.9 6 1 31
P27169 | Serum paraoxonase/arylesterase 1 0 2.6( 89 11 25.9 6 14
P01023 | Alpha-2-macroglobulin 0 252 270.34 74.6 641 898
P01011 | Alpha-1-antichymotrypsin 0 251 30.79 47.7 30 51
P00751 | Complement factor B 0 2.50 47.72 38.1 34 49
P19823 | Inter-alpha-trypsin inhibitor heavy chain H2 0 2.49 39.17 231 30 35
P00734 | Prothrombin 0 2.48 27.9 31.3 17 22
P08697 | Alpha-2-antiplasmin 0 2.48 6.28 12.2 4 8
P02763 | Alpha-1-acid glycoprotein 1 0 2.47 19.67 .844 18 45
P07358 | Complement component C8 beta chain 2.46) 7327 27.8 15 46
P06276 | Cholinesterase 0 2.42 6.47 7.1 3 8
P02749 | Beta-2-glycoprotein 1 0 2.40 16.88 29.6 13 17
P04196 | Histidine-rich glycoprotein 0 2.40 25.97 .31 18 38
P01860 | Ig gamma-3 chain C region q 2.34 14.4p 72.9 140 23
Q14624 | Inter-alpha-trypsin inhibitor heavy chain H4 0 2.32 34.03 25.8 20 21
P08603 | Complement factor H 0 2.32 81.34 41.7 53 54
P11678 | Eosinophil peroxidase 0 2.30 20.8 20.0 17 18
P00736 | Complement C1lr subcomponent 0 2.30 6.7 6.7 5 6
P01857 | Ig gamma-1 chain C region 0 2.29 97.2y 86.7 211 257
P02647 | Apolipoprotein A-l 0 2.28 36.95 63.7 39 75
P02652 | Apolipoprotein A-ll 0 2.27 6.24 37.0 7 36
P00748 | Coagulation factor XII 0 2.25 13.06 17.1 8 7
P10643 | Complement component C7 a 2.25 29.5 28.2 21 25
P0O0747 | Plasminogen 0 2.24 56.98 43.3 34 41
P07360 | Complement component C8 gamma chai 2.24 .88 9 49.0 7 8
P02679 | Fibrinogen gamma chain 0 2.23 38.41 49.5 33 63
P13671 | Complement component C6 a 2.23 9.1 9.0 7 6
P19652 | Alpha-1-acid glycoprotein 2 0 2.22 9.7 43.8 11 10




P07357 | Complement component C8 alpha chain 0 2.22 8.771 22.9 12 11
P01008 | Antithrombin-IIl 0 221 39.03 46.3 27 49
P01009 | Alpha-1-antitrypsin 0 221 71.15 69.4 89 184
P00450 | Ceruloplasmin 0 2.20 74.74 46.8 65 150
P02671 | Fibrinogen alpha chain 0 2.20 48.6| 29.1 53 67
P00738 | Haptoglobin 0 2.19 72.73 72.9 98 183
P55058 | Phospholipid transfer protein q 2.16 17.7p 16.8 10 20
P36955 | Pigment epithelium-derived factor [0 2.15 .548 30.9 13 19
P43652 | Afamin 0 2.08 25.67 29.2 15 22
P29622 | Kallistatin 0,02 2.07 13.62 23.2 8 13
Q8N4F0 | BPI fold-containing family B member 2 0,02 2.06 4.12 12.0 3 5
P01859 | Ig gamma-2 chain C region 0 2.03 36.41 84.0 161 52
P02774 | Vitamin D-binding protein 0,02 2.00 54.5 .163 41 89

Table E2b. List of proteins two-fold or more decreased in atancy in 15 sarcoidosis patients compared to iedbthy individuals.

Average UnUsed % Sequence Unique Average
ID Protein Name FDR fold Protein i ! -
. coverage | peptides| Calculations
difference Score
075531 Barrier-to-autointegration factor 0 4.42 83.6 65.2 8 12
P49721 Proteasome subunit beta type-2 d 2.35 11.7 41.3 10 11
Q53TN4 Cytochrome b reductase 1 0 2.15 6.96 185 11 8
P28070 Proteasome subunit beta type-4 d 2.09 8.1 221 5 9
Q03135 Caveolin-1 0 2.08 9.79 40.5 7 7
Q8TDB8 | Solute carrier family 2 0 2.01 4.47 35 2 4
P20618 Proteasome subunit beta type-1 0.01149 2.01 6.951 38.6 13 30




Table E3: ITRAQ Labelling scheme used to compare BALF exosearaples.

Experiment iTRAQ Reporter ion

) 113 114 115 116 117 118 119 121
iTRAQ 1

pool Control 1| Control 2 Sar.1 Sar.L1 Sar.2 Sar.8 Sar|L2
) 113 114 115 116 117 118 119 121
iTRAQ 2

pool Control 3| Control 4 Sar.4 Sar.5 Sar.§ Sari3 Sar.7

113 114 115 116 117 118 119 121
ITRAQ 3

pool Control 5 Sar.8 Sar.9 Sar.lp Sar{l4 poogl.2 .1Sar

Sar.L1, Sar.L2, Sar.L3 and Sar.L4 are Léfgrens@dosis samples
Control 1, 2, 3, 4 & 5 = healthy subjects. Sar.110= non-Lofgrens Sarcoidosis




Figure E1. Surface expression of CD86 and HLA-ABC on BALF exosomes.
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The BALF exosomes included in the iTRAQ analysisevenalyzed by flow cytometry for CD86 (A) and HIABC (B), showing presence of both markers
on exosomes from healthy and patients, with a #jigtigher level of CD86 on patient exosomes. Statal analysis was performed by a Mann-Whitney; tes

p<0.05



Figure E2. VDBP is associated to exosomes, and patients do not have more vesiclesin plasma than healthy controls.
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(A) A pool of exosomes from five patients was sepeat on a continuous gradient of sucrose, fractimngesponding to exosome densities were washed and
investigated for VDBP levels, showing VDBP in exompassociated densities. (B) Plasma exosomes featthly controls and patients were analyzed by

nanoparticle tracking analysis, showing no sigaiffiicdifference between the groups.



Figure E3. BAL cell type proportions of healthy controls and patients.
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The cells from the BAL fluid collected from the atts and healthy controls listed above in supptearg table 1 analyzed by flow cytometry and

summarized.



Figure E4: VDBP levelsrelated to disease stages and BAL cell compositions.
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The plasma exosome-associated VDBP levels weredela patient disease stage (upper fig), andearthin cellular composition of the BAL fluid as wa$

the main spirometric readout (FEV1) for each pat{wer fig).



Figure E5: ROC curve of VDBP levelsin plasma exosomes.
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Based on the levels of VDBP associated to plasroa@mnes, and ROC curve was plotted showing an AUC8#61 (p=0.0024) assuming a 95% confidence

interval. Assuming a diagnostic test thresholdda#2g/ml exosomal VDBP in serum to discriminatéguas from healthy, the sensitivity for the tes?7B.9%

and the specificity is 81.2%. The positive and mieggpredictive values are 89% and 60% respectively
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Protein Pilot summary and identified proteins
Excel Work Book Summary

840proteins

Sheet name Description
All_values All protein detected in Sarcoidosis patients and healthy controls
Proteins quantified in sarcoidosis samples. The list if aim at including values with sufficient values for statistical evaluation, but allows for up to 33% missing

Short list of 690 proteins that was filtered to influence the affects of missing values. If the calcualtion included sufficient values, a p-value and error factor was calcualted by ProteinPilot. Without these the values, the numbers can be just based on a few or a single data point, thus no E

690_consistent_proteins

Data for significant hits

Data attributes for hits

<—

GO_enrich_UP

GO term enrichment for proteins MORE abundant in the Sarcoidosis BALF exosome samples

GO_enrich_DOWN

GO term enrichment for proteins LESS abundant in the Sarcoidosis BALF exosome samples

ROTS results:
Number of resamplings: 10000

al: 3.4

a2: 1

Top list size: 80
Reproducibility value: 0.6996537
Z-score: 4.01383

145 rows satisfy the condition.

LABELLING SCHEME

| | 113] 114 115] 116 117 118] 119] 121)
|Exp1 |poo| |Ex026ref |Ex024ref |Ex015 |Ex06 |Ex010 |Ex011 |Exo3 |
| | 113] 114 115] 116 117 118] 119] 121)
|Exp2 |poo| |Ex023ref |Ex025ref |Ex019 |Ex013 |Exo4 |Exo9 |Ex01 |
113 114] 115 116 117 118 119 121

Exp3 pool Exo22ref Exo5 Exol7 Exo7 Exo18 pooled samples |Exo16

Exo 6, Exo 3, Exo 9 and Exo 18 are lofgrens.



ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT

R B THHEET TR R

i




ACCEPTED MANUSCRIPT

fsitinisenint iRt tnatt it ptinit iR tonbnnen

sacittiieg

tRtattnnsisttentazitstittinign



ACCEPTED MANUSCRIPT

siepittoRttatistiztiteiititatitittitittanttianttntine

siseititeectitatiatittntntitertttinteatatunnatitctrtontittinttatttcttRnatantbtittizeitititettittitttintuteettiBtitinEssbitiatatibrttttinnanatictititisnitnttcatituttatttitettteintsnttnatntiititoanttttuttsttninttzuninie

T AT T T T T T P P T P



ACCEPTED MANUSCRIPT

E I B B e B B o o I A M e I e e e R A B T A e B M N




ACCEPTED MANUSCRIPT

=L L L R o e e o O St ¥ s e ot o Ot e e ot e e e et e e o e U s Bt e




ACCEPTED MANUSCRIPT




ACCEPTED MANUSCRIPT

L__ ElE L_‘w. e ) S e e e e = e e e e e bl ]




ACCEPTED MANUSCRIPT




———— S T ———————]
ors ‘ e b s e B o s s o o o s o o e o i o e o o s s
e g3 m nyouem oenoeR oo ogomomomoeoa o Do WmoW o oEowmoam oty owmomoaotw s RS I S S - R R
ficr N IS o B A IR I T R |oaE ol ogm lm o8 summis O T I (R A S R I T
| o o oW e SN N VA B R T S A B o= )i oo o o oom oo o otm o [T A T S I A
o] am in i neemn R R v R S S R BT I SR N O - N S S S R+ R N A S 1
el B e ool nhmem WM o omomow o ogm o r o D it Toam o ognomoamoam oor oom oam oM o oom o gm o AN L R I
ot e ST R ) mol oW om on oo om0 oo gTR R A A I A I AT A A
bt IS S oM om oo o oo o N FER T T I I A T noSnoun ooy e oW
ol BN IV R e wom ool om ok e e 0 n/myem R A A I (T I VA S | R S - A I
e o m e uEm oom oMol o omowm o= m U o R A A A T T I I+ AT T A A
iRt B R R v R I - R R - - A R T T T I A (A T S R A
el Bttt ISR SR S oom oW oEom oo o W oo AR I S SR T A AN ST I N I RN A A A
ool e s SR A ot WmOom oWl om oo N i R R A S I AT T L (RN A A
o |oiuen sumr om0 3 B ol om o om om omlE o i om0 RO BT T T I N O B SR I A S B I A
o | omieel on i an nem ol o oWl e R e/ o om o [ T I T I O ERNE T I T A T A S
e et IS T sy WOl MR Mee mn o o AR T I O A A (S T S+ A S A A
e frr I R f SOl oMW o M \mlyis oM o= 7 RS VI (A N S S+ S+ I (S T T S R S A S
- oo o P wmom o owom o W e omoom owm e [ R I I T I I I T A (AT RS VI - S+ R S A A
el BB N O+ S e B A A A T A ER I I B A A SN RS R T S T ]




GO term enrichment for proteins MORE abundant in the Sarcoidosis BALF exosome samples

Common GO elements for

g . Sarc
Pr?.tems more abund__a"t i Protein | Sarc % LI Enriched Proteins Sarc FDR
Lofgrens and non-léfgrens PValue
PPN Count
P04196, PO1031, PO7357, PO4114, PO7358, Q14624, POS546, P02774, QONZPS, POS603,
P04217, P3695S, PO1857, P18428, PO18S9, POS697, PO0738, P01024, P01023, PO0734,
GOTERM CC FAT P55058, PO0736, POS637, P02679, P02787, PO1042, PO2675, P02749, P02748, PO7360,
60:000557 6 extracallular 77 | 75 |asseas| PLO5S2 P02743, PO2649, PL090S, PO4275, Q15063, PO2790, POO7AS, POG276, PO2647, |, oo o
e e e P00747, P29622, 075636, P02751, P02753, PO4003, P19827, PO9871, P13671, P19823, |
8 P10643, PO1011, POS164, PO1834, PO0751, 043866, PO1008, PO1009, PO04S0, PO1880,
P02652, P02760, P02763, PO1860, PO2671, PO1861, PO2768, P02765, PO2766, PO6727,
P43652, PO818S, POS156, P27169, Q8NAFO, P04004, Q9GPDS, POCOLS
P01031, P07357, PO7358, P04114, P02774, QINZPS, POS603, P36955, P18428, PO0738,
GOTERM_CC_FAT P08697, P01024, PO0734, PO1023, P02679, P02787, PO1042, P02749, PO2675, P19652,
G0:0005615~extracellular 50 |56.8182(2.686-28|  P02743, P02649, P10909, PO2790, PO0748, PO0747, PO2647, POG276, 075636, PO2751, | 3.06E-25
space P02753, P13671, P05164, 043866, PO1008, PO1009, PO04S0, PO2652, P02763, PO2671,
P02768, PO2765, PO2766, PO6727, P43652, POS18S, P27169, POS156, 04004, POCOLS
P01031, P07357, PO7358, PO4114, P02774, QONZPS, P08603, P36955, P18428, PO0738,
GOTERM CC FAT P08697, P01024, PO0734, PO1023, P02679, P02787, PO1042, P02749, PO2675, P19652,
i P02743, P02649, P10909, P04275, Q15063, PO2790, PO0748, PO6276, PO2647, PO0747,
GO'UOAf:Ziinex;:ce"“'a' 52 |59:0909|LO1E26)  ()2ce36 02751, PO2753, P13671, POS164, 043866, PO1008, PO1009, PO04S0, PO2652, | -0E 23
glonp P02763, P02671, PO2768, PO2765, PO2766, PO6727, PA3652, POS18S5, P27169, POS156,
P04004. POCOLS
GOTERM_BP_FAT 075636, P02751, PO1031, P07357, P07358, Q14624, PO5546, PO4003, QONZPS, PO8G03,
60:0009611~response to 46 [52.2727|2.956-23|  P09871, P13671, PO1011, P10643, POO751, P18428, PO1008, PO9960, PO1009, POSES7, | 4.73E-20
wounding P01024, P02652, PO1023, P00734, P00736, P02763, P02679, PO2671, PO6702, P02787,
GOTERM BP FAT 075636, P01031, P02751, P07357, P07358, Q14624, PO4003, QINZPS, PO8603, POIS71,
60:00025262eute 53 | 375 |a7rea| P13671 PL0643,PO1011, POOTSL, P18428, POL0DS, POSGST, PO1024, POO734, POLO23, | oo
flammaton: remonse 2ot P02652, PO0736, PO2763, P02787, PO2765, P02748, PO7360, P19652, P02743, POS156, |
v resp P10909, PO0748, POCOLS
GOTERM BP FAT 075636, P02751, 01031, P07357, P07358, Q14624, PO4003, QINZPS, PO8603, POIS71,
600006954 mflmmmator 36 |431818| 16o.20| P13671 PL0G43, POLOL1, POOTSL, P18428, POS9GO, PO100S, POSGS7, POL024, PO2652, |, o
R v : : P01023, PO0734, PO0736, PO2763, PO6702, P02787, PO1042, PO2765, P02748, PO7360, |~
esponse PO5109, P19652, P02743, P04839, PO5156, P10909, PO0748, POCOLS
075636, P02751, PO1031, P07357, P07358, Q14624, PO4003, QINZPS, PO8603, POISTL,
GOTERM_BP_FAT P13671, P10643, PO1011, PO5164, PO0751, 043866, P18428, PO9960, PO1009, PO8697,
60:0006952~defense a4 50 |4.04E-20|  PO0738, PO1024, PO2652, PO1023, PO0734, PO0736, PO2763, PO6702, PO2787, PO1042, | 6.48E-17
response P02765, P02748, PO7360, PO6727, P19652, PO5109, P02743, POS311, PO4839, POS156,
P10909, Q96PDS, PO0748, POCOLS
GOTERM_BP_FAT
SPAL 075636, PO1031, PO7357, PO7358, P02749, PO4003, P02748, QINZPS, PO7360, POSE03,
GO:0051605~protein 20 | 2272731108812 9071 p13671, P10643, POO751, POS156, PL0S0Y, PO1024, POD7A8, POCOLS, PO0736 | 720 0°
maturation by peptide bond
GOTERM_BP_FAT 075636, PO1031, PO7357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03, PO6727,
G0:0045087~innate immune | 23 | 26.1364|7.90E-12|  P09871, P13671, P10643, P04839, PO0751, P18428, PO5156, P10909, QI6PDS, PO0748, | 1.26E-08
response P01024, POCOLS, PO0736
Gg-OUZEE%EEPBFSﬁTve 075636, PO1031, P30273, PO7357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03,
9m=07787p 21 |23.8636(9.756-12|  P09871, P13671, P10643, POO751, P18428, POS156, P10909, PO2790, PO1024, POCOLS, | 1.56E-08
regulation of immune
P00736
response
GOTERM_BP_FAT
15" 075636, PO1031, PO7357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03, PO9ST1,
G0:0006956"complement 18 | 204545) 155611 P13671, P10643, PO0751, POS156, P10909, P01024, POCOLS, PO0736 249608
activation
GOTERM_BP_FAT
60:0002541~activation of 075636, PO1031, PO7357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03, PO9ST1,
18 | 204545 | 1.556-11 2.496-08
plasma proteins involved in P13671, P10643, PO0751, PO5156, P10909, P01024, POCOLS, PO0736
acute il y response
GOTERM_BP_FAT
- 075636, PO1031, PO7357, PO7358, P02749, PO4003, P02748, QINZPS, P07360, POSE03,
GO'OZi::SSS i::’te'” 20| 2272731 239811 9071 p13671, 10643, POOT51, POS156, P10909, PO1024, POOT4S, POCOLS, PO0736 | -2t 08
GOTERM_BP_FAT
OPPAL 075636, PO1031, PO7357, PO7358, P02749, PO4003, P02748, QINZPS, PO7360, POSE03,
GO'Uisalti?:nz:‘me'” 20 | 22727315858 ho9g71 p13671, P10643, POO751, POS1S6, PL0S0Y, PO1024, POD7A8, POCOLS, PO0736 | - 00 0
GOTERM_MF_FAT
_ VTR P04196, PO1031, PO1042, Q14624, POS546, P02765, P19827, P19823, PO1011, P36955,
©0:0004866endopeptidase | - 19| 21.5909) 8.99E-11 P08185, PO1008, PO1009, PO8697, PO1024, PO1023, PO2760, P29622, POCOLS 113807
inhibitor activity
GOTERM_MF_FAT
i P04196, PO1031, P01042, Q14624, POS546, PO2765, P19827, P19823, PO1011, P36955,
G0:0030414"peptidase 19| 21:5909]2.14E-10 P08185, PO1008, PO1009, POS697, PO1024, PO1023, PO2760, P29622, POCOLS 269607
inhibitor activity
Ggggi:g’;ﬁ”f 075636, PO1031, P30273, P07357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03,
- positive 21 |23.8636|2.446-10|  P09871, P13671, P10643, POO751, P18428, POS156, P10909, PO2790, PO1024, POCOLS, | 3.91E-07
regulation of response to
) P00736
stimulus
GOTERM BP FAT 075636, PO1031, P07357, 30273, P07358, POA003, QONZPS, PO8G03, PO9B71, P13671,
ity P10643, PO1834, PO0751, PO1857, P18428, PO1859, P01024, PO1880, PO0736, POS637,
GO'OO?SS;S"E"""“”E 32 |3636363.98610) 1560, po1861, PO2748, POT360, POG727, POB31L, PO4B39, POS156, PL0S0S, PO4004, | O2E 07
P Q96PDS, P00748, POCOLS
GOTERM_BP_FAT
il 075636, PO1031, PO7357, PO7358, PO4003, P02748, QINZPS, PO7360, POSE03, PO9ST1,
G0:0006959"humoralimmune| 18 | 20.4545) 8.36-10 P13671, P10643, PO0751, PO5156, P10909, P01024, POCOLS, PO0736 134806
response
GOTERM_BP_FAT
St 075636, PO1031, PO7357, PO7358, PO4003, P02748, QINZPS, P07360, POSE03, PO9ST1,
§0:0002253"activation of 18 | 20.4545)8.36E-10 P13671, P10643, PO0751, POS156, P10909, P01024, POCOLS, PO0736 134806
immune response
Gggggsg’;ﬁ”f 075636, PO1031, P30273, PO7357, PO7358, PO4003, P02748, QINZPS, PO7360, POSE03,
OADEbBATpositive 21 |23.8636|9.64E-10|  P09871, P13671, P10643, POO751, P18428, POS156, P10909, PO2790, PO1024, POCOLS, | 1.54E-06
regulation of immune system
P00736
process
GOTERM_BP_FAT
bl P01031, P07357, PO7358, PO4003, P02748, QINZPS, PO7360, PO9871, P13671, P10643,
69.0906958 c.omplement 15 17.0455 | 4.16E-09 PO5156, P10909, PO1024, POCOLS, PO0736 6.66E-06
activation, classical pathway
GOTERM_BP_FAT
60:0002455humoral immune| | | | PO1031, PO7357, POT358, PO4003, PO2748, QSNZPS, POT360, POSETL, PI3671, PL0GA3, | o
response mediated by : : PO5156, P10909, P01024, POCOLS, PO0736 -
circulating immunoglobulin
GOTERM_BP_FAT
it _ P01031, P30273, P07357, PO7358, PO4003, P02748, QINZPS, PO7360, PO9871, P13671,
60:0016064~immunoglobulin | 16 | 18.1818 | 4.80E-09 P10643, POSLSE, PL0309, PO1024, POCOLS, PO0735 7.69E-06
mediated immune response
GOTERM_BP_FAT
60:0009724°8 col mediated | 16 | 181818 | 4.805.08|  PO103L P30273, PO7357, PO7358, PO4003, PO2748, QOINZPS, POT360, PO9BTL PL36TL, | o0 o

P10643. P05156. P10909. P01024. POCOLS. PO073€

The protein count represents the number of proteins matching the
term.

The % is the percentatge of the list submitted for the query that
was used.

The FDRs are calculatd as percentages



GO term enrichment for proteins LESS abundant in the Sarcoidosis BALF exosome samples

Common GO elements for

Proteins less abundant with SEIE Sarc
. . Protein | Sarc % Sarc Proteins Sarc FDR
Lofgrens and non-l6fgrens e PValue
sarcoidosis
GOTERN{'MF‘EAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0004298~threonine-type 12 24.0 1.5E-11 0.00
. - P49720, P28066
endopeptidase activity
GO‘OS:ZEi;ytﬁ:;;;:Zt . 12 24.0 1.5E-11 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.00
’ ) ninetyp ' ’ P49720, P28066 :
peptidase activity
Go'oogg;;g?“;ﬁs;:ﬁ;ecore 12 24.0 3.7E-11 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.00
: P . : P49720, P28066 :
complex
GOTERM_BP_FAT 20 40.0 6.3E-10 Q99816, P25788, P25789, P25786, 075351, P25787, P40306, Q13561, Q8WUM4, Q9UN37, 0.00
G0:0007049~cell cycle ’ ' P20618, P28074, P28070, Q14203, Q7LBR1, P60900, P49721, P49720, P53990, P28066
Géﬁgggﬁzgaf:;ngve 14 28.0 1.1E-06 P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, 0.00
| K 8 N ’ ' P60900, P49721, P49720, P28066 '
regulation of protein
G;S;;;%;E:;ngve 15 300 1.4E-06 P60228, P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, 0.00
- & . ’ ’ P28070, P60900, P49721, P49720, P28066
regulation of cellular protein
GOTERM_BP_FAT 15 300 1.4E-06 Q99816, P25788, P25789, P25786, P25787, P40306, Q13561, P20618, P28074, P28070, 0.00
G0:0022402~cell cycle process ’ ’ Q14203, P60900, P49721, P49720, P28066 '
GOG‘S(-:—SEJ’.}:?lgE:;F;I;VE 15 300 1.9E-06 P60228, P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, 0.00
B . 8 . ’ ' P28070, P60900, P49721, P49720, P28066
regulation of protein metabolic
GOGOOO-LZETIFuPb_iFﬁ-irtin 13 26.0 3.2E-06 Q99816, P25788, P25789, P25786, P25787, P40306, P28074, P20618, P28070, P60900, 0.00
| 3 q . ’ ' P49721, P49720, P28066
dependent protein catabolic
GOTERM_BP_FAT 14 28.0 4E-06 P25788, P25789, P25786, P25787, P40306, Q13561, P28074, P20618, P28070, Q14203, 0.01
G0:0000278~mitotic cell cycle ’ P60900, P49721, P49720, P28066 '
nggfgg)gf:;Fggve 16 320 43606 P60228, Q99816, P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P20618, 0.01
- 8 ’ ' P28074, P28070, P60900, P49721, P49720, P28066
regulation of macromolecule
GOTER“A‘BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051444~negative 12 24.0 4.5E-06 0.01
. I . P49720, P28066
regulation of ubiquitin-protein
GOTER“A‘BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051437~positive 12 24.0 4.5E-06 0.01
. . . P49720, P28066
regulation of ubiquitin-protein
GOTER“A‘BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051436~negative 12 24.0 4.5E-06 0.01
. - . P49720, P28066
regulation of ubiquitin-protein
GOTERM_BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0031145~anaphase- 12 24.0 4.5E-06 0.01
) P49720, P28066
promoting complex-dependent
GOTER“A‘BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051352~negative 12 24.0 4.5E-06 0.01
R . L P49720, P28066
regulation of ligase activity
GOTERM_BP_FAT
- - P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051439~regulation of 12 24.0 4.5E-06 0.01

ubiquitin-protein ligase activity

P49720, P28066

The protein count represents the number of proteins
matching the term.

The % is the percentatge of the list submitted for the
query that was used.

The FDRs are calculatd as percentages



GOTERM_BP_FAT

P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,

60:003.1397 negat{ve 12 24.0 4.5E-06 P49720, P28066 0.01
regulation of protein
GO‘O%?;;:;Q::;&EQ;]Q[\ 14 28.0 5.4E-06 Q99816, P25788, P25789, P25786, P25787, P40306, Q81X04, P20618, P28074, P28070, 0.01
| ’ ’ P60900, P49721, P49720, P28066 '
dependent macromolecule
GO'O%?;:fo:&EQZtion 14 28.0 5.4E-06 Q99816, P25788, P25789, P25786, P25787, P40306, Q81X04, P20618, P28074, P28070, 0.01
: . . ’ ’ P60900, P49721, P49720, P28066 '
dependent protein catabolic
GO‘OGOgIgzg/'I“_r:PJIZ?:c—)n of 12 24.0 6.5E-06 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.01
L &Y ' ’ P49720, P28066 :
ligase activity
GOTERM_BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0031396~regulation of 12 24.0 6.5E-06 0.01
) R P49720, P28066
protein ubiquitination
GOTERM_BP_F,AT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051443~positive 12 24.0 6.5E-06 0.01
. . . P49720, P28066
regulation of ubiquitin-protein
GOTERM_BP_F,AT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051351~positive 12 24.0 6.5E-06 0.01
R N L P49720, P28066
regulation of ligase activity
Gg?)ggig/;_SEP;:AtTve 1 24.0 6.5E-06 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.01
- positi ' ’ P49720, P28066 ’
regulation of protein
GOTERM_BP_FA,T P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0051438~regulation of 12 24.0 6.5E-06 0.01
A - . P49720, P28066
ubiquitin-protein ligase activity
GO‘(?(%LE_':,T)’\;:CFS);Z::OFHG 1 24.0 6.8E-06 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.01
| P . : P49720, P28066 :
complex
Gg?);;?x)_:lEP;:AJve 13 26.0 8.5E-06 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 0.01
T P . ’ ' P49721, P49720, P28066 ’
regulation of protein
G(G)%-I(—)El’jl'\ZAB_SB”'::_eTIﬁ-Irar 15 300 1.2E-05 P60228, 099816, P25788, P25789, P25786, P25787, P40306, Q81X04, P20618, P28074, 0.02
| . ’ ' P28070, P60900, P49721, P49720, P28066 '
macromolecule catabolic
GO'OOGAS-;E’;"}‘/(I:_eﬁEi'A-I;Otein 14 28.0 1.6E-05 Q99816, P25788, P25789, P25786, P25787, P40306, Q81X04, P20618, P28074, P28070, 0.02
: . P ’ ' P60900, P49721, P49720, P28066 '
catabolic process
Gof)ggfgo'\g:BfthAo-ll- sis 14 28.0 1.6E-05 Q99816, P25788, P25789, P25786, P25787, P40306, Q81X04, P20618, P28074, P28070, 0.02
(SDEISI503 Proteolysis : : P60900, P49721, P49720, P28066 :
involved in cellular protein
GOTERM_BP_FAT
GO'0031399"‘_re Jlation of 14 28.0 1.6E-05 P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, 0.02
o - Tee ' ' P60900, P49721, P49720, P28066 :
protein modification process
GOTERM_BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0043161~proteasomal 12 24.0 1.8E-05 0.03
L . P49720, P28066
ubiquitin-dependent protein
GOTERM_BP_FAT P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721,
G0:0010498~proteasomal 12 24.0 1.8E-05 0.03
. . P49720, P28066
protein catabolic process
GO'O(G)()OAI-I;lE7RS'\"/‘I;r':I:|Z_FeA1t-idase 12 24.0 2E-05 P20618, P28074, P25788, P25789, P28070, P25786, P25787, P40306, P60900, P49721, 0.02
: endopep . P49720, P28066 :
activity
GOTERM_BP_FAT
- 99816, P25788, P25789, P25786, P25787, P40306, Q8IX04, P20618, P28074, P28070,
G0:0030163~protein catabolic 14 28.0 2.1E-05 a Q 0.03

process

P60900, P49721, P49720, P28066




GOTERM_BP_FAT

P60228, Q99816, P25788, P25789, P25786, P25787, P40306, Q8IX04, P20618, P28074,

G0:0009057 lmacromolecule 15 30.0 2.4E-05 P28070, PE0900, PA9721, PA9720, P28066 0.04
catabolic process
Gg?);g?x&?f;::rve 13 26.0 2.7E-05 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 0.04
- P . ' ' P49721, P49720, P28066 :
regulation of protein metabolic
Gg?)gggg/;_oipzzf:’ve 13 26.0 2.7E-05 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 0.04
) P . ’ ' P49721, P49720, P28066 '
regulation of cellular protein
GO'OOSO%IETME_'\::Z;:::CﬁVit 13 26.0 3605 P25788, P25789, P25786, P25787, P40306, P28074, P20618, P28070, P60900, P28838, 0.03
: peprica . ' P49721, P49720, P28066 :
acting on L-amino acid peptides
Gg?);igz/(l):ip;:AtTve 14 28.0 3.4E-05 Q9UM54, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, 0.05
X P ’ ’ P60900, P49721, P49720, P28066 '
regulation of macromolecule
G()G‘g(-)rj:(')\ggf:f::i-ve 13 26.0 5.7E-05 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 0.08
: gative ' ' P49721, P49720, P28066 :
regulation of catalytic activity
GOTERM_MF_FAT 13 26.0 6E-05 P25788, P25789, P25786, P25787, P40306, P28074, P20618, P28070, P60900, P28838, 0.07
G0:0008233~peptidase activity ’ P49721, P49720, P28066 '
60‘0%2;;22/";:')&2?;[1 of 15 300 0.0001 P60228, P27105, P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, 015
. . g . ’ ' P28070, P60900, P49721, P49720, P28066 ’
cellular protein metabolic
G()G‘SJEZ(?QEE:;F:ZVE 13 26.0 0.00014 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 0.20
e 8 ’ ' P49721, P49720, P28066 '
regulation of molecular
GOTERM_CC_FAT
G0:0019773~proteasome core 4 8.0 0.00149 P25789, P25787, P60900, P28066 1.78
complex, alpha-subunit
Gg?);ig(';/;_S%PBZIAtTve 13 26.0 0.00168 P25788, P25789, P25786, P25787, P40306, Q03135, P28074, P20618, P28070, P60900, 243
N positive ' ' P49721, P49720, P28066 ’
regulation of catalytic activity
GOTERM_BP_FAT
- - 16 32.0 | 0.0026 |P25786, P25787, P40306, Q8I1X04, P20618, P28074, P28070, P08174, P60900, P28838,| 3.68

G0:0006508~proteolysis
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3 0.3% Eosinophils
3 1.1% Neutrophils 3 1.2% Neutrophils

@@ 8.3% Lymphocytes

| @@ 23.9% Lymphocytes
0,
3 90.5% Macrophages 3 74.5% Macrophages
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