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ABSTRACT

Ovarian cancer is the first cause of death among gynaecological malignancies in women. Most
patients are diagnosed at late stages and present ascites, the accumulation of ascitic fluid in the perito-
neal cavity, associated to metastasis and poor prognosis. Ascitic fluids are enriched in pro-tumorigenic
components, such as extracellular vesicles (EVs) involved in the tumour microenvironment intercellular
crosstalk. Despite metabolic alterations being a hallmark of cancer and highly correlated with sensitivity
to treatment, the metabolite cargo is still the least explored component of EVs in ovarian cancer.

The aim of this thesis was to characterize the metabolic signature of EVs isolated from ascitic
fluids in ovarian cancer patients. Methods for the characterization of EVs were first implemented using
EVs isolated from an ovarian cancer cell line (ES-2), namely for the presence of EV and non-EV com-
ponents by Western blot, as well as the analytical platform for metabolomics and lipidomics by LC-
MS. Ultimately, EVs were isolated using differential centrifugation from ovarian cancer biofluids, in-
cluding ascitic fluids and peritoneal washes as controls. Isolated and discarded fractions were charac-
terized by Western blot; by transmission electron microscopy (TEM) for morphology, and by nanopar-
ticle tracking analysis (NTA) for particle concentration and size, following the International Society for
Extracellular Vesicles (ISEV) guidelines.

We demonstrated the recovery of EVs and increasing purity of isolates and confirmed the pres-
ence of EVs on biofluids. The metabolic characterization of ES-2 EVs suggested an enrichment in
metabolic pathways involved in cancer processes. This methodology for characterization of the meta-
bolic content of EVs can be further applied in EVs from ascitic fluids and peritoneal washes, which
may elucidate the role of EVs as mediators of metabolic crosstalk in ovarian cancer tumour microenvi-

ronment and eventually uncover potential biomarkers for ovarian cancer prognosis.

Keywords: ovarian cancer, ascitic fluids, metabolic crosstalk, extracellular vesicles, differential cen-

trifugation, metabolomics.
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RESUMO

O cancro do ovério é a principal causa de morte por doencas ginecologicas em mulheres. Geral-
mente o diagndstico é tardio e acompanhado por ascites, a acumulagdo de fluido ascitico na cavidade
peritoneal associada a processos metastaticos e mau prognostico. Os fluidos asciticos sdo constituidos
por componentes pré-tumorigénicos, como vesiculas extracelulares (EVs) envolvidas no crosstalk in-
tercelular estabelecido em microambientes tumorais. Alteragdes metabdlicas s&o um marcador de can-
cro e estdo relacionadas com a sensibilidade ao tratamento. Contudo, o contedldo metabdlico dos EVs é
ainda o menos estudado no contexto de cancro do ovério.

O objetivo desta tese foi caraterizar o perfil metabélico de EVs isolados de fluidos asciticos em
pacientes de cancro do ovario. Métodos para caraterizagdo de EVs foram primeiro implementados
usando EVs de uma linha celular (ES-2), nomeadamente para a detecdo de componentes e contaminan-
tes de EVs por Western blot e para a analise de metabolémica/lipidémica por LC-MS. Por fim, EVs de
fluidos bioldgicos, incluindo fluidos asciticos e lavados peritoneais (controlos), foram isolados por cen-
trifugacdo diferencial. FracGes isoladas e descartadas foram caraterizadas por Western blot, por micros-
copia eletronica de transmissdo (TEM) para analise morfoldgica das particulas e por nanoparticle
tracking analysis (NTA) para determinagéo da concentragdo e tamanho, seguindo as diretrizes da Inter-
national Society for Extracellular Vesicles.

Foi demonstrada a recuperagédo de EVs no final do isolamento, 0 aumento de pureza das fragdes
isoladas e a presenca de EVs em fluidos bioldgicos. A caraterizagdo dos EVs de ES-2 sugeriu o enri-
quecimento em vias metabolicas envolvidas em processos tumorais. Esta metodologia para carateriza-
cao do conteudo metabdlico pode futuramente ser aplicada em EVs de fluidos asciticos e lavados peri-
toneais para elucidar o papel dos EVs como mediadores do crosstalk metabolico no microambiente

tumoral e eventualmente revelar potenciais biomarcadores para o prognostico de cancro do ovario.

Palavras-chave: cancro do ovario, fluidos asciticos, crosstalk metabélico, vesiculas extracelulares,
centrifugacdo diferencial, metabolémica.
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1.
INTRODUCTION

1.1. Ovarian cancer

1.1.1. Incidence and mortality

Ovarian cancer is the eight most common cancer type in women, but the leading cause of death
among gynaecological malignancies ranking fifth in cancer deaths among women worldwide[1], [2].
Only in 2020, 313 959 new cases and 207 252 deaths were reported worldwide [3]. In the United States,
the risk of developing ovarian cancer during a lifetime is about 1.3%, the equivalent of 1 in 78 women
[4]. Despite the incidence rate of new cases decreased on average 3.3% each year from 2009 to 2018
[5], the five-year survival rate is of 49.1%, meaning that less than half of the patients are still alive 5

years after they were diagnosed or started treatment for ovarian cancer[6].

1.1.2. Origin, progression, and diagnosis

Most ovarian cancers are sporadic and prevail in postmenopausal women. High-grade serous
carcinoma (HGSC) accounts for 75% of epithelial ovarian cancers (EOC), the most frequent type of
ovarian cancer[7], and 40% of EOC patients are diagnosed over the age of 65 [8]. A small percentage
of EOC cases, about 10%, are hereditary and mainly attributed to mutations in the breast cancer 1
(BRCAL) and breast cancer 2 (BRCA2) genes[9]. Under abnormal physiological conditions of EOC,
epithelial ovarian cancer cells invade the surrounding peritoneum and adhere to mesothelial cells, a
process called transcoelomic metastasis, facilitated by CD44, B-integrins and cancer antigen 125
(CA125), expressed on the ovarian cancer cell surface, and associated with the production of ascitic
fluid[10]. In late stages, most patients present the accumulation of ascitic fluid in the peritoneal cavity.
The composition of ascitic fluid reflects the inflammatory environment of the underlying tumor — and
high amounts of ascitic fluids (more than 500 mL) are generally associated with poor prognosis[11].

During the invasion, it has also been suggested that epithelial ovarian cancer cells acquire a mesenchy-



mal phenotype characterized by increased migratory capabilities, a process known as epithelial-to-mes-
enchymal transition [12]. This conversion is associated with cancer aggressiveness and reduced vulner-
ability to chemotherapy, which in turn may be correlated with metabolic reprogramming[13].

More than half of the EOC cases are diagnosed when cancer has already metastasized. At this
stage, the five-year survival rate significantly drops by 62.3% compared to localized tumours[6]. Blood
test for CA125 and transvaginal ultrasound used in combination or alone, bimanual pelvic examination
and the more recent ultrasound molecular imaging techniques are some current tools to screen ovarian
cancer[14]-[16]. To check for peritoneal dissemination, peritoneal washes are obtained during surgery
by instilling a 50-200 mL of salt-water solution in the peritoneal cavity and recollecting the liquid again
for cytology analysis [17], [18]. Positive peritoneal washing cytology is a poor prognosis indicator fur-
ther correlated with tumour type and grade[19]. Symptoms of ovarian cancer (e.g. abdominal pain and
bloating, early satiety, urinary urgency) are nonspecific and the disease may remain unsuspicious until
late detection[20]. Ovarian cancer can only be confirmed for sure through biopsy[21]. Hence, ovarian

cancer remains a challenge to diagnose early.

1.1.3. Treatment and relapse

The options to treat ovarian cancer can be summed up to three forms - surgery (for staging and
tumour debulking), chemotherapy (e.g. platinum-based drugs and taxane) and radiation — which depend
on histologic subtype and stage[20]. Computerised tomography scan, a preoperative imaging tool, is
decisive in distinguishing patients suitable for primary debulking surgery or neoadjuvant chemotherapy
prior to surgery[22]. For advanced-stage disease, the standard chemotherapeutic regimen is a combi-
nation of carboplatin and paclitaxel[23]. The combination of optimal cytoreductive surgery and chem-
otherapy results in more than 70% initial cure rate for EOC[24]. Yet, most women will relapse in less

than 2 years and experience chemoresistant disease[25].

1.1.4. Ascites

At least one third of EOC patients are symptomatic for ascites, the accumulation of ascitic fluids
in the peritoneal cavity, causing abdominal pain, early satiety, respiratory distress, fatigue and insom-
nia[26]. To alleviate symptoms caused by the accumulation of ascitic fluids, patients require further
palliative care and repetitive paracentesis[25]. Many mechanisms are proposed to explain the unclear
pathogenesis of ascitic fluids and include increased production of fluid by the peritoneum, fluid accu-
mulation due to increased capillary permeability (facilitated by growth factors and cytokines) and fluid
leakage from obstructed lymphatic vessels by tumour cells[27], [28]. Remarkably, the abnormal build-
up of fluid has been linked to transcoelomic dissemination, the main route of metastasis occurring in
ovarian cancer, facilitated by the enriched composition of ascitic fluids in pro-tumorigenic and anti-

tumorigenic factors[29].
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Figure 1.1 — Ascitic fluid in the peritoneal cavity of ovarian cancer cancer-associated cells (e.g., tumour-associ-

patients. Source: adapted from [26] ated macrophages and cancer-associated fi-

broblasts (CAFs)). The acellular fraction includes angiogenesis-regulating factors (e.g., vascular endo-
thelial growth factor and epidermal growth factor), adhesion-regulating factors (e.qg., integrins), inflam-
matory and immune response factors (e.g., cytokines, chemokines, and bioactive lipids such as lyso-
phosphatidic acid and sphingosine-1-phosphate[30], [31]), lysosomes, and proliferation regulating fac-
tors (e.g., lactate dehydrogenase, extracellular vesicles (EVS)). (Figure 1.1). Together with acellular
components, the cellular components contribute to the tumour microenvironment and progression of
ovarian cancer, presumably through soluble factors and EVs that facilitate intercommunication[32].
EVs derived from ascitic fluids have been studied, mainly regarding the transcriptome and pro-
teome cargoes. Remarkably, microRNA content has been implicated in ovarian cancer spheroid
growth[33], intact MMP1 mRNA, whose expression is associated with poor prognosis in ovarian can-
cer, is selectively encapsulated in EVs that facilitate transcoelomic dissemination[34] and small EVs
isolated from ascitic fluids’ tumour cells are enriched in proteins associated with remodelling of the
extracellular matrix, namely transforming growth factor-g-I, plasminogen activator inhibitor 1 and fi-

bronectin, after chemotherapy[35].

1.2. Tumour microenvironment and metabolic crosstalk

1.2.1. Components of the tumour microenvironment

The tumour microenvironment, characterized by nutrient deprivation, hypoxia, immune escape
and oxidative stress, is generally composed of various non-cellular components and cell types, includ-
ing stroma cells and cancer cells, as described above, but also extracellular matrix and vasculature [36].
Each component can either promote tumour progression or suppress tumour formation. For example,

NK cells, M1 macrophages, CD8" cytotoxic T cells, antigen-presenting cells and T-helper-1 cells act as



tumour growth suppressors, especially in the early stages of cancer. Other immune cells, such as neu-
trophils, regulatory T cells, tumour associated macrophages and CD4" T-helper-2 cells promote tumour
immune escape by e.g., limiting the proliferation of CD8* cells (by regulatory T cells)[37]. The extra-
cellular matrix is mainly secreted by hypoxia-stimulated CAFs and includes collagen, elastin, laminin,
and fibronectin that support tumour growth and regulate intercellular and cell-matrix crosstalk[38]. EVs
are a mean of molecule transfer among cells (tumorous, immune, stromal and endothelial cells) within
the tumour microenvironment that, for example, deliver to tumour cells nutrients, such as amino acids,
fatty acids, and TCA metabolites, to support tumour growth[36]. This mechanism of cell-to-cell com-
munication, one of the most important within the tumour microenvironment, is associated with several
cancer processes that can either promote or inhibit tumours depending on EV source cells and tumour
microenvironment conditions[39]. Altogether, the tumour microenvironment constitutes a web of com-
ponents with dynamic and reciprocal relationships that are important for cancer cell survival and tumour

progression[37].

1.2.2. Metabolomic crosstalk in the tumour microenvironment

Metabolic alterations have long been considered a hallmark of cancer and involve catabolic and
anabolic pathways of lipids, amino acids, vitamins, organic acids, carbohydrates[13]. Compared to
normal cells, tumour cells have elevated energetic requirements in the evolving hostile microenviron-
ment. In order to adapt, tumour cells increase consumption of glucose, in the presence of oxygen known
as the Warburg effect or aerobic glycolysis, and glutamine[40]. Other mechanisms, such as lipogenesis
and beta oxidation of fatty acids implicated in ovarian cancer’ ascitic fluids, are alternatives to aerobic
glycolysis as energy for tumour cells generated by reprogramming of lipid metabolism[41] and contrib-
ute to chemoresistance of cancer cells[42]. In opposition, normal cells depend mainly on mitochondrial
tricarboxylic acid (TCA) and oxidative phosphorylation to accomplish their bioenergetic needs[43].

Beyond biosynthesis, metabolites can also act as signalling molecules in the tumour microenvi-
ronment. CAFs, cancer-associated adipocytes and immune cells are tumour-associated stromal cells
that maintain metabolic relationships with cancer cells, resulting on tumour initiation, migration, and
metastasis [36]. Radhakrishnan and colleagues demonstrated that ovarian cancer cells — and ascitic flu-
ids —, stimulate glycolysis in normal fibroblasts and CAFs via lysophosphatidic acid, also implicated
on phenotypical change of normal fibroblasts to CAFs[44]. CAFs and cancer cells can also secrete EVs
that induce metabolic reprogramming by transferring bioactive molecules to recipient cells[45]. Nota-
bly, EVs derived from CAFs are internalized by cancer cells and supply them with TCA intermediates,
thus altering the intracellular metabolism of cancer cells[46]. EVs derived from normal cells are also
implicated in cancer processes, such as adipocyte tissue-derived EVs on evading apoptosis, sustaining

proliferative signalling and promoting angiogenesis and metastasis[47].



The mechanisms of intercellular communication mediated by EVs occur both at paracrine and
systemic levels. The formation of metastatic microenvironments generated by primary tumours in dis-
tant organs, or pre-metastatic niches, are influenced by EVs that deliver cargo in specific organs[48].
Fong et al. demonstrated that EVs reprogram metabolism non-cancer cells in the pre-metastatic niche
by suppressing their glucose uptake[49].

1.3. Extracellular vesicles

The existence of EVs, suspected long before, was confirmed in the late 1960s[50]. Since then,
the number of publications on the subject has increased over the years [51]. While there is no complete
understanding of why they form — specific intercellular communication is now strongly supported, be-
sides cellular waste disposal mechanism —, EVs are involved in many physiologic and pathologic pro-
cesses[52]. Their composition can vary and include lipids, proteins, and nucleic acid species. In addi-
tion, as they are released to the extracellular space, EVs can be found in biofluids, such as saliva, urine,
blood, plasma, and ascitic fluid[52].

Circulating cancer cells, biomolecules and EVs are emerging as biomarkers for cancer diagnosis
and monitoring through liquid biopsy regarding the advantages of easier and non-invasive sample col-
lection — this is essential in e.g., ovarian cancer as collecting tumour tissues is difficult by non-invasive
means and improved diagnostic tools are necessary[53], [54]. In the case of EVs, loading cargo and
cellular release can be regulated by environmental and cellular signals, including stress and inflamma-
tion [55], and cargo may correlate with clinical outcomes of cancer patients [56]. Furthermore, there is
evidence that tumour cells secrete more EVs compared to non-tumour cells, which makes EVs an in-

teresting target for anti-cancer therapy[57].

1.3.1. Nomenclature and biogenesis

The International Society for Extracellular Vesicles (ISEV) defines EVs as “the generic term for
particles naturally released from cells that are delimited by a lipid bilayer and cannot replicate” [58].
EVs are released from all cell types and, despite being a highly heterogeneous group, are broadly clas-
sified in exosomes and ectosomes according to their biogenesis route, which is respectively endocytic
and plasma membrane-derived[59]. Other terms, e.g. oncosomes and apoptotic bodies, can describe EV
subtypes by measurable characteristics, such as size, density, morphology, function, source cell and
biochemical composition [60].

Ectosomes are formed by outward budding of the plasma membrane and include microparticles
and microvesicles[58]. Microvesicles are irregular in shape and can vary in a wide range of sizes, from
100 to 1000 nm[61]. Exosomes, smaller in size (typically from 30 to 150 nm)[62], have an endosomal
origin and are formed by double invagination of the plasma membrane: cell membrane invagination

originates early-sorting endosomes containing cell-surface proteins. Multivesicular bodies (MVBs) are



made up of intraluminal vesicles (ILVs) formed by inward budding of small late-sorting endosome
(LSEs) domains. MVBs can fuse with the plasma membrane and ILVs are released through exocytosis
as exosomes with an average size of 100 nm or with lysosomes to be degraded (Figure 1.2)[63], [64].

The budding process of ILVs and ectosomes is facilitated by lipids such as cholesterol, sphingo-
myelins and ceramides enriched in small membrane domains of LSE or ectosomes limiting membrane
[65], [66]. The assembly of luminal cargo in ILVs is mediated by the four-domain endosomal sorting
complex required for transport (ESCRT) and their associated protein Alix. In ectosomes there is evi-
dence that at least ESCRT subunits | and 111, to-

gether with their plasma membrane anchors, 2" /T e ;358?3“@ O O
. . 5 /o s
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used as protein markers of EVs[58].

1.3.2. Methods for EV isolation and characterization

Several methods are currently available to isolate and characterize EVs from cell culture media
and biofluids. Some methods for the isolation include differential centrifugation, gradient ultracentrif-
ugation, ultrafiltration, size-exclusion chromatography, polymer precipitation, immunoaffinity capture
and microfluidics-based techniques[70]. Commercial kits to isolate EVs are also available, such as
ExoQuick and EasySep[71]. Differential centrifugation is considered the “gold-standard” technique to
isolate EVs and is widely used for both biofluids and cell culture media [72]. However, each method
has advantages and disadvantages, namely regarding e.g., cost, efficiency, equipment required, and pu-
rity obtained, that must be evaluated before each experiment [70].

Characterization of EVs must comprise multiple techniques to support the separation of these
from other particles and components. For a complete characterization of EV samples, ISEV recom-
mends the quantification of the EV source in terms of e.g., volume of biofluid, the characterization of
EV abundance by particle number and/or lipid or protein amount and the search for EV components
and contaminants[58]. Many techniques are available today to provide population or single vesicle
analysis. For example, the particle number of an EV population, can be assessed by nanoparticle track-
ing analysis (NTA). Protein composition can be characterized by Western blot, and should demonstrate
the presence of EVs by detection of lipid-bilayer components (category 1) and cytosolic proteins (cat-

egory 2), suggesting the isolation of lipid-bilayer particles that enclose intraluminal material as expected



for EVs, and absence of co-isolated material (category 3), such as lipoproteins, in purified samples of
EVs[58]. In turn, visualization techniques, such as transmission electron microscopy (TEM), can pro-
vide information on single EVs’ structure and composition (when combined with antibody detec-
tion)[73]. For the characterization of protein, metabolite, lipid content of EVs, chromatography coupled
with mass spectrometry based methods are widely used for rapid screening of low concentrated mole-
cules[74], [75].

1.4. Thesis aim

While the excessive accumulation of ascitic fluids constitutes a negative prognostic indicator in
ovarian cancer, ascitic fluids are collected from patients as part of clinical procedures and are a reservoir
of pro-tumorigenic components located close to the primary tumour site. EVs are among those compo-
nents and their role in cancer processes, namely as mediators for the metabolic crosstalk within the
tumour microenvironment, has been investigated. Ascitic fluids are associated with metastasis and
chemoresistance, and metabolic alterations are considered a hallmark of cancer. In ovarian cancer, the
transcriptome and proteome cargoes of EVs have been suggested in tumour progression. However, the
metabolome remains poorly explored in EVs from ascitic fluids. The aim of this thesis was to charac-
terize the metabolic signature of EVs from ascitic fluid of ovarian cancer patients. For this purpose,
three main objectives were defined:

I.  Implement characterization methods with EVs derived from cell lines. EVs from the
ES-2 ovarian cancer cell line were protein characterized by Western blot, according to
ISEV guidelines, and used to implement LC-MS platform for metabolomics.

Il.  Characterize and validate the isolation procedure for EVs derived from biofluids
according to the ISEV guidelines. Different EV fractions were derived from ascitic
fluids by differential centrifugation and characterized by Western blot, TEM and NTA.
Peritoneal washes were additionally characterized as control samples.

I1l.  Characterize EVs derived from biofluids of ovarian cancer patients. EVs isolated
from ascitic fluids and peritoneal washes were characterized by Western blot, for the
presence of CD63 and TSG101 (EV components) and apolipoprotein A-1 (ApoAl-l)
(non-EV component), TEM and NTA.






2.
MATERIALS AND METHODS

2.1. Cell lines

EVs isolated from cell lines were used in this study for the implementation of EV characterization
methods. EVs from two culture technical replicates of ES-2 ovarian cancer cell line, isolated and char-
acterized by NTA and TEM by R. Mendes (iBET), were used for the implementation of Western blot
and the analytical platform LC-MS in metabolomics and lipidomics. EVs isolated from the first culture
technical replicate, ES-2 EVs I, were at 9.6x10%° particles/mL. EVs isolated from the second culture
technical replicate, ES-2 EVs I, were at 4.5x10'! particles/mL (Figure S.8). In addition, the human
hepatocellular carcinoma cell line Hep-G2 and cell culture media, provided by I.R. Gal (iBET), were
used as controls for the lipid extraction method in lipidomics. MDA cells, provided by N. Lopes (iBET),
and a concentrate of platelets collected from human blood and provided by D. Salvador (iBET) were

used during the implementation of antibodies by Western blot.

2.2. Patient biofluid samples

Samples of ascitic fluids and peritoneal washes of 15 patients were collected with patient consent
at Instituto Portugués de Oncologia de Lisboa Francisco Gentil (IPOLFG). Samples were sent immedi-
ately to the Pathological Anatomy Laboratory and centrifuged at 1200 rpm (259 X g) for 2 min in cen-
trifuge Eppendorf 5804 R (rotor A-4-44, radius 16.1 cm). The supernatant and pellet were transferred
to 15 mL or 50 mL tubes and frozen at -80 °C, until the isolation of EVs (up to ~10 years). Supernatants
of ascitic fluids were named from AF1 to AF11, and supernatants of peritoneal washes from PW1 to
PWA4. The volume of each sample received from IPOLFG for the isolation of EVs is listed in Table 2.1.

Samples of ascitic fluids (AF11 and AF7) and peritoneal washes (PW1) were used for step-by-
step characterization of the discarded and isolated fractions collected during the isolation procedure,

and for the final characterization of EVs isolated from patient samples by Western blot, NTA and TEM.



Table 2.1 — Sample identification and volume of ascitic fluids and peritoneal washes collected from 15 patients at IPOLFG for
the isolation and characterization of EVs.

ID Volume (mL)
AF1 25
AF2 25
AF3 15
© AF4 25
3
= AF5 25
E AF6 25
<
AF7 15
AF8 25
AF9 25
AF10 25
AF11 15
PW1 30
S g PW2 15
S G
£ g PW3 15
& PW4 15

2.3. Isolation of EVs from biofluids by differential centrifugation

2.3.1. Sample dilution and elimination of large components

EVs were isolated from ascitic fluids and peritoneal washes by differential ultracentrifugation,
as described by Thery et al.[76] with minor modifications. Depending on the initial volume of ascitic
fluids, 10 mL or 20 mL of sample were collected into one or two 50 mL tubes (Sarstedt, #62.547.254),
respectively, and diluted in Dulbecco’s phosphate-buffered saline (DPBS) (HyClone) to the final vol-
ume of 30 mL to reduce fluid viscosity. Samples of peritoneal washes were diluted when necessary up
to 30 mL in a single 50 mL tube. The remaining volume of the biological samples (at least 1 mL) was
stored at -80 °C for step-by-step characterization and omics. Next, samples were centrifuged at 2,000
X g (5810 R, Swing-bucket rotor A-4-81, Eppendorf), for 30 min. Pellets consisting of cells and dead
cells were discarded, and the supernatants collected into new 50 mL tubes. To remove cellular debris
and large particles, samples were centrifuged at 12,000 x g (Avanti J-26 XPI, JA-14 rotor, Beckman
Coulter), for 45 min, and the pellets were discarded.

10



2.3.2. Collection of the EV fraction

Supernatants were collected into proper 31.5 mL ultracentrifuge tubes (Beckman Coulter, USA,
#358126) and centrifuged at 110,282 x g (Optima LE-80K COLO2K09, SW28 rotor, Beckman Coul-
ter), for 2 h, to precipitate EVs. Next, supernatants were discarded, and the EV pellets from the same
initial sample were resuspended in 1 mL DPBS (HyClone) and pooled together. To dilute the resuspen-
sion, tubes were filled up to 30 mL using DPBS and samples were then filtered using a Filtropur S 0.45
um filter device (Sarstedt, #83.1826), properly attached to a 30 mL syringe tip (Terumo Corporation,
#A020102020102). The total filtrate was collected and filtered again using 0.22 um filter devices (Acro-
discR Syringe Filters with Supor® membrane, Pall, #4612), thus removing large vesicles and membranes
from the EV suspension. The final filtrate, collected into the same ultracentrifuge tube, was centrifuged
at 110,282 x g (Optima LE-80K COLO2K09, SW28 rotor), for 70 min. To wash the EV pellet from
proteins and other contaminants, pellets were re-suspended in 1 mL DPBS, and tubes filled again up to
30 mL. Next, samples were centrifuged at 110,282 x g (Optima LE-80K COLO2K09, SW28 rotor), for
70 min. Supernatants were discarded and the final pellet was resuspended in 100 pL of double-distilled
water (ddH20). For Western blot (40 pL) and metabolomics (50 L), aliquots of the resuspended pellet
were snap-frozen in liquid nitrogen and stored in 1.5 mL micro tubes (Sarstedt, #72.706.200) at -80 °C.
For TEM (5 pL) and NTA (5 uL), samples were stored in 1.5 mL micro tubes at -20 °C. All centrifu-
gations were performed at 4 °C.

Extraction blanks for the EV isolation procedure were prepared by replacing biological fluid
samples by ddH.O and following the same isolation process as for ascitic fluids or peritoneal
washes[77]. The total volume of discarded fractions and aliquots (1 mL) of the isolated fractions of
samples AF11, AF7 and PW1 were snap frozen in liquid nitrogen and stored at -80 °C for further step-
by-step characterization. Isolated fractions are collected for the subsequent isolation step and discarded
fractions are discarded during the procedure of EV isolation. Samples AF5, AF6, AF8, AF10, PW2,
PW3 and PW4 were processed using rotor SW-32 Ti (Beckman Coulter) assembled in Optima L100
XP (Optima Coulter) ultracentrifuge, instead of Optima LE-80K COLO2K09 (SW28 rotor), in all ul-

tracentrifugation steps.

2.4. Characterization of EVs

2.4.1. Western blot

2.4.1.1. Determination of total protein concentration
Total protein concentration (mg/mL) of samples for Western blot characterization, including EVs
and isolation fractions, was measured by Nanodrop One® (Thermo Fisher Scientific) spectrophotometer.

Protein A280 application and 1 Abs=1 mg/mL sample type option were set for proper measurements of
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total protein concentration. For samples of EVs, ddH>O was used as blank. Other measurements were
acquired using DPBS as blank.

2.4.1.2. Protein precipitation using trichloroacetic acid

Protein precipitation by trichloroacetic acid (TCA) (Merck) was performed to isolated or dis-
carded fractions of the isolation procedure collected for step-by-step characterization with total protein
concentration below 0.3 pg/uL. First, 1 volume of 20% TCA (Merck Millipore) was added to samples
(volume of sample for TCA precipitation ranged between 200 and 2800 pL, depending on initial protein
concentration and volume collected), and the preparation was incubated for 10 min, at RT. Samples
were centrifuged at 15,000 x g (5810 R centrifuge, fixed-angle rotor F45-30-11, Eppendorf), for 10 min
(RT) and the supernatant collected and discarded carefully to not disturb the pellet. The protein pellet
was washed with two volumes of EtOH 80% to remove any residual TCA. The final suspension was
incubated for 10 min (AF11) at -20 °C or O/N (AF7 and PW1) at -20 °C. After centrifugation at 15,000
X g (5810 R centrifuge, fixed-angle rotor F45-30-11) for 10 min (4 °C), supernatant was discarded, and
the washing step repeated for 10 min at -20 °C. Supernatant was discarded again, and the protein pellet
left to air-dry. Dry pellet was then re-suspended in 5-10 uL of 2X NUPAGE™ LDS sample buffer (4X)
(Invitrogen, #NP0007) and stored at -20 °C until further use.

2.4.1.3. SDS-PAGE and Western blot

Samples were prepared in 1X NuPAGE™ Lithium Dodecyl Sulfate (LDS) sample buffer (4X)
(Invitrogen, #NP0007) and 1X NuPAGE™ reducing agent (10X) (Invitrogen, #NP0004) to the final
volume of 20 puL and protein amount between 0.9-6.63g, and boiled at 70 °C (ThermoMixer C), for
10 min. Next, samples were centrifuged for 5 min at 10,000 x g and loaded onto NUPAGE™ 4-12%
Bis-Tris gel (Thermo Fisher Scientific, #NP0322), in a Mini Gel Tank (Thermo Fischer Scientific,
#A25977) apparatus, properly filled with NUPAGE™ MOPS SDS running buffer (20X) (Invitrogen,
#NP0001). Next, 500 pL of 1X NuPAGE™ antioxidant (Invitrogen, #NP0005) was added to the cath-
ode chamber and SDS-PAGE performed at 200 V, using Electrophoresis Power Supply (EPS 600, Phar-
macia Biotech).

Molecular weight-separated proteins, in the SDS-PAGE gel were transferred to polyvinylidene
difluoride (PVDF) iBlot 2 Transfer Stack membranes (Invitrogen, #1B24002), using iBlot dry blotting
system (Invitrogen), at 20 V, for 7 min. Blocking solution, consisting of 5% non-fat milk (PanReac
AppliChem, #A0830) in 1X Tris buffered saline (TBS) (Sigma, # T6664) with 0.1% (v/v) Tween 20
(TBST) (Merck, #8.22184.0500), was prepared and incubated with membranes for 90 min, under agi-
tation (RT), to avoid unspecific antibody binding. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1),
anti-TSG101 (#EXOAB-TSG101-1) and anti-CD81 (#EXOAB-CD81A-1) (Systems Biosciences) pri-
mary antibodies, for specific EV components, were diluted (1:1000), in blocking solution with 0.1%

sodium azide, and incubated with membranes O/N (4 °C), under agitation. Monoclonal rabbit anti-
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apolipoprotein A | (Abcam, UK, #ab52945), a non-EV component, dilution (1:1000) was prepared sim-
ilarly.

Next, membranes were washed in TBST, 3 times for 10 min, and incubated with diluted (1:5,000
or 1:20,000) goat anti-rabbit HRP secondary antibody (System Biosciences, SBI, # EXOAB-KIT-1) for
1 h under agitation, at RT. Membranes were washed again, with TBST as described before, and briefly
with DPBS to remove Tween 20. For a chemiluminescent protein detection, membranes were incubated
for 5 min in GE Healthcare Amersham™ ECL Prime Western Blotting Detection Reagent (GE
Healthcare, #12316992) or Cytiva Amersham ECL Select Western Blotting Detection Reagent (GE
Healthcare, #45-000-999), covered from light, and developed in iBright FL1500 Imaging System (Invi-
trogen, #A44241), using Chemi Blots mode and signal accumulation routine. A commercial Human
Exosome Lysate Positive Protein Control (10 pg/uL) (SBI, # EXOAB-POS-1) was used as positive
control sample for the detection of CD63, CD81 and TSG101.

2.4.2. Nanoparticle Tracking Analysis

2.4.2.1. Instrument preparation and cleaning procedure

NTA NS300 instrument (Malvern Panalytical), configured with a 405 nm laser and a Scientific
CMOS camera, was properly assembled, following manufacturer’s instructions. NanoSight NTA 3.3
software was initiated and flow cell, internal and external tubing connectors, washed three times, by
loading 1 mL syringes (B Braun™ Injekt™, Thermo Fisher Scientific, #10303002) with filtered (0.22
pm) ddHO in the inlet port. Next, filtered (0.22 um) DPBS was loaded and pumped into the flow cell,
as described before. Syringe pump rate was set to 500 until flow cell was completely clean and filled,

with no visible bubbles.

2.4.2.2. Sample preparation and analysis

Samples of EVs were diluted using filtrated (0.22 um) DPBS to adjust particle concentration to
10°-10° particles/mL before analysis. Samples were loaded in 1 mL syringes (B Braun™ Injekt™,
Thermo Fisher Scientific, #10303002) and syringe pump rate set to 1000. Before each measurement,
the flow cell was flushed with 400-500 pL of sample and camera gain adjusted, so that most particles
on screen were properly focused. Camera level was set to 15, screen gain to 10.0 and detection threshold
to 6. Tracks of 30 s each were recorded 3 times per sample at 20-40 frames/s with the temperature of
the laser unit controlled to 22-24 °C. Particle concentration (particle/mL) and size measurements (mean,
mode, standard deviation) were acquired using NanoSight NTA 3.3 software (Malvern Panalytical) and

data analyzed using Microsoft Excel and GraphPad Prism 9.
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2.2.1. Transmission electron microscopy

Sample processing and imaging of EVs and isolation fractions was carried out by A.L. Sousa and
E.M. Tranfield from the Electron Microscopy Facility at the Instituto Gulbenkian de Ciéncia (IGC) as
follows. First, suspended EVs were mixed (1:1) with 4% (w/v) formaldehyde in Phosphate Buffer 0.1M
and fixed for 5 min. Preparations (5 pL) were then loaded on copper 100 mesh glow-discharged EM
grid coated with 1% (w/v) formvar (Agar Scientific) and left to absorb for 5 min. Grids were washed in
10 drops of distilled water. Next, 1 drop of 2% (w/v) uranyl acetate was added to negative-stain grids
for 5 min. Excessive liquid was removed using No. 1 Whatman filter paper. TEM was performed using
an Olympus-SIS Veleta CCD camera coupled to a FEI Tecnai G2 Spirit BioTWIN microscope (FEI) at
an acceleration voltage of 120 keV.

2.5. Characterization of the metabolic signature of EVs

Untargeted metabolomics and lipidomics by liquid chromatographic tandem mass spectrometry
(LC-MS) platform were performed to characterize the metabolic content of EVSs. In each experiment,
quality controls (QCs) samples were prepared by pooling equal aliquots (30-50 uL) of samples of the
same analytical run together to equilibrate the analytical platform and remove variability in retention
time deviation over time[78]. The run order was as follows: blank, QC (10x), samples (3-6, random-
ized), QC (1x), samples (3-6, randomized), QC (1x). Blank samples were used for background sub-
traction[79]. In metabolomics, additional commercial samples were run after blank and before the 10
initial QCs samples to assess the system suitability using C18 column, namely Quad LC-MS QCRM,
(Waters, #186007362) and amide column, namely Aminoacids mix (Thermo Scientific, #20088).

For all chromatography columns, in metabolomics and lipidomics, measurements were con-
ducted in positive and negative modes of heated electrospray ionization (HESI) to maximize metabo-
lite/lipid coverage. We acknowledge A. C. L. Guerreiro, C. Almeida and C. Correia and the UniMS —
Mass Spectrometry Unit at ITQB/IBET (Oeiras, Portugal) for LC-MS data acquisition and data pro-

cessing in Compound Discoverer software (Thermo Fischer Scientific).
2.5.1. Untargeted metabolomics

2.5.1.1. Extraction of metabolites from EVs

The extraction of metabolites was based on Altadill et al.[80] protocol with some modifications.
Two aliquots of ES-2 EVs I and 11, at 9.6x10%° and 4.5x10"! particles/mL respectively, were diluted in
DPBS to obtain three different particle concentrations: 10°, 108 and 10%° particles/m. Next, the 6 sam-
ples were split in two tubes each with 50 pL. Two volumes of ddH20 were added to each tube and 5
freeze/thaw cycles in liquid nitrogen/wet ice, of 1 min each step, were performed to disrupt EV mem-
branes and release intravesicular content[81]. 600 uL of cold (-20 °C) methanol (Merck, #106018) were
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added to samples and the mixture vortexed for 20 s and incubated at -20 °C, for 1 h, to facilitate protein
precipitation. After centrifugation at 14,000 x g (5810 R centrifuge, fixed-angle rotor F45-30-11) at 4
°C, for 13 min, supernatant was collected and split into two 1.5 mL tubes, each with 250 yL of sample.

In total, 24 samples were prepared.

2.5.1.2. Relative metabolite quantification by liquid chromatography-mass spectrometry
(LC-MYS)

Two liquid chromatography columns were used: Waters Acquity UPLC BEH Amide column
(2.1x150 mm, 2.5 um particle size, P/N 186003023) and Waters XBridge C18 column (2.1x150 mm,
3.5 um particle size, P/N 186003023), both installed on an UltiMate 3000 UHPLC (Thermo Scientific)
system coupled to a Q Exactive Focus Hybrid Quadrupole-Orbitrap Mass Spectrometer (Thermo Sci-
entific).

For the C18 column, samples were left to dry, under vacuum conditions, in a SpeedVac (Lab-
conco) instrument and the pellet was resuspended in 100 pL water with 0.1% formic acid (FA) (Optima
LC-MS, Fisher), before injection on the column. Next, samples were injected (10 uL) onto the column
at 30 °C. Flow rate was 400 pL/min. Mobile phase A consisted of water with 0.1% FA and mobile
phase B of acetonitrile (ACN) with 0.1% FA, using the following program: 0-13 min, 1-99% B; 13-15
min, 99% B; 15-16 min, 99-1% B; 16-20 min, 1% B. HESI in positive mode was achieved under the
following parameters: capillary voltage at 3.8 kV, capillary temperature at 320 °C, sheath gas flow of
60 a.u., auxiliary gas of 20 a.u., auxiliary gas heat temperature at 320 °C. For negative mode was as
follows: capillary voltage was at 3.0 kV, capillary temperature at 320 °C, sheath gas flow of 60 a.u.,
auxiliary gas of 20 a.u., auxiliary gas heat temperature at 320 °C.

For the amide column, samples were directly injected (10uL) onto the column at 40 °C. Flow
rate was 350 puL/min. Mobile phase A consisted of 3 mM ammonium acetate (pH 4) and mobile phase
B of ACN, using the following program: 0-6 min, 90-50% B; 6-7 min, 50-40% B; 7-9 min, 40% B; 9-
10 min, 40-90% B; 10-20 min, 90% B. HESI in positive and negative mode was achieved under the
same parameters as for the C18 column.

Full MS scan spectra were acquired from 75 — 1125 m/z, with 70 000 in resolution (full width at
half maximum, FWHM, at 200 m/z) and 1x10° automatic gain control (AGC). For positive mode, drift
in m/z values was corrected with lock mass of m/z 144.98215 and m/z 445.12003, and for negative
mode m/z 112.98550 was used. To facilitate metabolite identification, a data-dependent MS/MS acqui-
sition method was performed using the top 3 most intense ions selected for higher-energy collisional
dissociation (HCD). Stepped normalized collision energies (NCE) of 20, 40 and 60 were applied and
MS/MS scan spectra were acquired at 17 500 resolution (FWHM at 200 m/z) and 1x10° AGC, with

maximum injection time of 100 ms and dynamic exclusion of 6 s.
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2.5.1.3. Data processing with XCMS

The raw spectral data recorded by the instrument as profile data was converted to centroid data
using the MSConvert GUI tool of ProteoWizard software[82]. The mzML files were then pre-processed
using the XCMS R language package[83], which includes algorithms to filter and identify peaks (xcms-
Set()), match peaks across samples (group()), correct retention time (retcor()), fill missing peak data
(fillPeaks()), but also to visualize peak intensities by retention time (getEIC()), and create report of
aligned peak intensities (peakTable()) and mass-to-charge (m/z) ratios. All parameters were set to de-

fault values except the bandwidth, which was set to 10 s (bw = 10).
2.5.2. Lipidomics

2.5.2.1. Lipid extraction using isopropanol

Lipids were extracted from EVs in two different concentrations based on Sarafian et. al [84]. The
first experiment was performed using 50 pL of ES-2 EVs | at 10° particles/mL. Three dilutions of ES-
2 EVs inisopropanol (IPA) were tested, 1:1, 1:2 and 1:3. Extraction blanks (50 pL) of the EV isolation
procedure were prepared similarly. All samples were prepared in replicate, called replicates of lipid
extraction, and 12 samples were prepared in total.

The second experiment was performed using 50 pL of ES-2 EVs Il at 4.5x 101! particles/mL.
In, addition, 200 pL of Hep-G2 cells at 2.5x10° cells in ddH,0 [85] and 200 uL of Hep-G2 cell culture
media were used to test the lipid extraction method efficacy. Two volumes of IPA were added to ES-2
EVs and three volumes of IPA to Hep-G2 cells and Hep-G2 cell culture media. Replicates of lipid
extraction were prepared only for Hep-G2 samples. In total, 6 samples were prepared.

Samples were vortexed for 1 min and incubated at RT for 10 min. To improve protein precipita-
tion, samples were incubated O/N at -20 °C and centrifuged at 14,000 x g (5810 R centrifuge, fixed-
angle rotor F45-30-11) for 20 min at 4 °C. Supernatant was collected and stored at -20 °C.

2.5.2.2. Ultra-Performance Liquid Chromatography-Mass Spectrometry (LC-MS)
Samples of the first experiment were injected (5 pL) onto an Acquity UPLC HSS T3 column
(150 mm x 2.1 mm, 1.8 pm; Waters™) at 55 °C and flow rate of 300 uL/min. Mobile phase A consisted
of ACN:H20 (60:40, v:v) mixed with 10 mM ammonium formate and 0.1% formic acid and mobile
phase B of IPA:ACN (90:10, v:v) mixed with 10 mM ammonium formate and 0.1% formic acid. The
LC gradient was: 0-4.1 min, 40-43% B (curve 5); 4.1-4.3 min, 43-50% B (curve 6); 4.3-24.1 min, 50-
54% B (curvel); 24.1-24.3 min, 54-70% B (curve 6); 24.3-36.1 min, 70-99% B (curve 1); 36.1-36.3
min, 99-40% B (curve 6); and 36.3-40 min, 40% B (curve 6). HESI in positive mode was achieved
under the following parameters: capillary voltage at 3.8 kV, capillary temperature at 320 °C, sheath gas
flow of 60 a.u., auxiliary gas of 20 a.u., auxiliary gas heat temperature at 320 °C. For negative mode

was as follows: capillary voltage was at 3.0 kV, capillary temperature at 320 °C, sheath gas flow of 60
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a.u., auxiliary gas of 20 a.u., auxiliary gas heat temperature at 320 °C. Samples (7 pL) of the second
experiment were run under the same conditions, only using a different column (Acquity UPLC BEH
Shield RP18 column (150 mm x 2.1 mm, 1.7 pm; Waters™).

Full MS scan spectra were acquired from 100-1500 m/z, with 70 000 in resolution (FWHM at
200 m/z) and 1x10® AGC. For positive mode, drift in m/z values was corrected with lock mass of m/z
144.98215 and m/z 445.12003; and for negative mode m/z 112.98550 was used. To facilitate compound
identification, a data-dependent MS/MS acquisition method was performed using the top 3 most intense
ions selected for HCD. NCE of 20, 40 and 60 V were applied, and MS/MS scan spectra were acquired
with 17 500 resolution (FWHM at 200 m/z) and 1x10%° AGC. The maximum injection time was set to

100 ms and the dynamic exclusion to 6 s.

2.5.3. Data processing using Compound Discoverer software

All spectra were imported to Compound Discoverer software v3.1 (Thermo Fisher Scientific).
Filtering was carried to detect compounds (mass tolerance=3 ppm, min. peak intensity=1x10") and
group compounds (mass tolerance=3 ppm, RT tolerance=0.2 min). Filtered features were then searched
on the following nodes: mzCloud (precursor mass tolerance=3 ppm, FT fragment ion tolerance=5 ppm,
Cosine identity search, match any activation energy, recalibrate spectra), ChemSpider (mass toler-
ance=3 ppm, search by formula or mass) and Predicted Compositions (mass tolerance=3 ppm, intensity
threshold=0.01%, min. pattern coverage=100%). The Chemspider databases used to obtain compound
IDs were the following: Kyoto Encyclopedia of Genes and Genomes (KEGG) and Human Metabolome
Database (HMDB) for metabolomics; LipidMAPS for lipidomics. mzLogic data analysis node was ap-
plied to combine information of mzCloud with Chemspider. For metabolomics and lipidomics (exper-
iment 1), compounds with any type of annotation from mzCloud, ChemSpider or Predicted composi-
tions were exported. For experiment 2 (lipidomics), compounds were only considered if they were iden-

tified as full match in the ChemSpider search or mzCloud search.

2.5.4. Metabolite pathway analysis using MetaboAnalyst

Compounds from metabolomics, identified by Compound Discoverer, were further analysed us-
ing MetaboAnalyst v.5.0 online platform[86]. The list of compound names was entered as a one column
data for enrichment analysis by Over Representation Analysis (ORA) approach. The database used was
Small Molecule Pathway Database (SMPDB). From lipidomics, only features detected in the ES-2 EVs

samples with peak intensity above 1x10° were considered.
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3.
RESULTS AND DISCUSSION

3.1. Implementation of characterization methods for EVs

3.1.1. Western blot for the detection of EV and non-EV protein components

Western blot remains the most used technique to evaluate EV isolates for the presence of EV and
non-EV protein components. Several EV proteins, both membrane proteins (category 1) and cytosolic
proteins (category 2), are suggested by the ISEV for a complete characterization[58]. Proteins with
transmembrane domains and glycosylphosphatidylinositol (GPI)-anchored proteins, such as tetraspan-
ins (e.g., CD63) and integrins, confirm the presence of lipid-bilayer structures. Cytosolic proteins, such
as TSG101 and heat shock protein HSP70, suggest enclosure of luminal material as expected for EVs.
Further characterization of non-EV proteins (category 3) disclose the purity degree of isolates. Apolipo-
proteins, such as apolipoprotein A-1 (ApoA-1), suggest the co-isolation of lipoproteins. ISEV also sug-
gests that at least one protein of the three mentioned categories must be analysed, thus confirming the
nature and purity of EV isolates [58]. In this study, two membrane proteins, CD63 and CD81, one
cytosolic, TSG101, and one non-EV component, ApoA-I1, were tested by Western blot.

3.1.1.1. Antibody implementation using positive control sample
Detection of EV components

Antibodies for EV components were implemented using a commercial positive control sample
consisting of a lysate of exosomes isolated from human serum. The secondary antibody dilution was at
1:5,000. Membranes were exposed to LED light for different times, 13 s (CD63), 14 s (TSG101), and
1 min 45 s (CD81), in iBright FL1500 Imaging System. CD63 was detected using ECL Select Western
Blotting Detection Reagent, instead of ECL Prime Western Blotting Detection Reagent, since otherwise
no signal was detected. Both detection reagents are suitable for low protein levels but the former is the
most sensitive[87]. Contrary to the specific bands expected[88], multiple bands were observed in each

membrane at various molecular weights (Figure 3.1), most of them at >50 kDa. In each membrane,
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Figure 3.1 — Western blot analysis of Human Exosome Lysate Positive Protein Control with anti-CD63, anti-TSG101
and anti-CD81. CD63, TSG101 and CD81 were detected in positive control used for antibody implementation. Each lane
was loaded with 15 pg of protein. Uncropped blots are available as supplementary material (Figure S.1)

bands had different signal intensities, such as 62 kDa and ~52-58 kDa (less intense) bands in CD63
membrane. Sharp and smeared bands were also observed, such as 62 kDa and ~52-58 kDa (smeared)
bands in CD63 membrane, and ~51-60 kDa and 64 kDa bands in TSG101 membrane.

Western blot results (e.g., band intensity, range of molecular weights, single/multiple bands) for
CD63, CD81 and TSG101 proteins may vary depending on the EV source sample and EV isolation
method used. Exosomes isolated from feline plasma and urine by the same differential centrifugation
method originated single or multiple bands at the expected molecular weights in Western blot analysis
of CD63, CD81 and TSG101 [89]. Therefore, we may observe different Western blot results for EVs
isolated from ascitic fluids, peritoneal washes, or serum. EVs are categorized according to their char-
acteristics into heterogenous groups: exosomes, for example, differ in size, content, and cellular origin
[90] and biological samples contain different categories of EVs originated from different cell types[91].
Exosomes of the positive control sample were isolated from human serum using the commercial
ExoQuick™ kit, but it is possible that a population, rather than a single group of EVs, was isolated.

Moreover, based on Deun et al. [92] exosomes isolated by four different methods (ultracentrifu-
gation, OptiPrep density gradient centrifugation, ExoQuick and Total Exosome Isolation) displayed
different CD63 and TSG101 protein levels. In specific, the ExoQuick preparations harvested more con-
taminating non-vesicle proteins and were less enriched in exosome markers when compared to the ul-
tracentrifugation preparations[92]. Thus, we can hypothesize that the positive control sample did not
consist of a pure EV isolate, and that the multiple bands observed were non-specific. In this case, CD63,
CD81 and TSG101 blocking peptides could have been used to help differentiate specific bands from
non-specific bands [93].

On the other hand, multiple bands at various molecular weights can be originated if proteins have
isoforms or post-translational modifications[93]. In fact, both glycosylated and deglycosylated CD63

(~25 kDa) have been found enriched in exosomes isolated from human immunodeficiency virus type-
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1 infected cell culture supernatants[94]. TSG101 isoforms have been found and implicated in several
cancer types, such as in nasopharyngeal carcinoma[95] and Burkitt lymphoma [96]. CD81 encoding
transcript variants were also found in humans[97]. Moreover, tumour-cell derived EVs are highly gly-
cosylated[98], therefore we may observe higher molecular weight forms of surface glycosylated pro-
teins in tumour EVs[99]. If multiple bands in the positive control sample were non-specific due to the
isolation method, we may expect better results for EVs isolated by differential centrifugation. If the
problem was caused by multiple isoforms or post-translational modifications, we may expect different
results for EVs isolated from different sample sources. Therefore, samples of EVs or EV components
from different sources, as well as some protocol variations, were tested prior to EVs from patient sam-

ples.

ApoA-I as hon-EV component
Co-isolation of lipoproteins, such as very-low density lipoproteins (VLDL), low density lipo-

proteins (LDL), high density lipoproteins (HDL), and chylomicrons, is a common setback in many EV
purification techniques. Chylomicrons are formed in enterocytes and contain ApoA-I transiently before
transferring it to HDL when reaching the bloodstream[100]. ApoA-I is present in ascitic fluids and has
been suggested as biomarker to differentiate late-stage variants of ovarian cancer [101]. The lipidic
nature of lipoproteins may interfere with downstream characterization of EVs by metabolomics/lip-
idomics. Therefore, ApoA-I antibody was implemented as purity control for EVs, using ascitic fluids
and a concentrate of platelets as positive control sample in different total protein amounts (2, 5, 10 and
20 pg).

As expected for the predicted molecular weight of ApoA-I (31 kDa) [102], a sharp band was
detected at ~26 kDa in both ascitic fluids and platelets (Figure 3.2), and signals were more intense with
the increase in total protein. An additional band at ~51-57 kDa was observed, but not for ascitic fluids
(Figure S.2). Although a loading control sample would be needed to confirm the following claiming,
the ApoA-I protein detection appears to have originated more intense bands in platelets, suggesting that
ApoA-1 is more abundant in platelets than in the sample of ascitic fluid tested. In such case, it is possible
that the conditions used to reduce ApoA-I in increased amounts may have been insufficient and caused
protein aggregation in multimers due to the formation of disulfide bonds [93]. This is suggested as the
extra band is approximately twice the molecular weight of the expected band. If a single band is detected
in ascitic fluids, later in this study we may characterize EVs isolated from biological samples for the
presence of different molecular weight proteins by incubating simultaneously membranes with more
than one primary antibody. This way we can save as much sample as possible for other characterization

methods, namely metabolomics.
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Figure 3.2 — Western blot analysis of ascitic fluids and platelets at different total protein amounts with anti-ApoA-I.
ApoA-1 was detected in ascitic fluids and platelets (control) at 2, 5, 10 and 20 ug amounts of total protein. Uncropped blots

are available as supplementary material (Figure S.2).

3.1.1.2. Troubleshooting and protocol optimization

After preliminary results using the positive control sample, some protocol variations regarding
sample preparation and electrophoresis conditions were tested. During the implementation of antibod-
ies, samples were boiled at 70 °C, for 10 min, to denature proteins in NUPAGE™ LDS Sample Buffer
and NUPAGE™ Sample Reducing Agent, thus following the instructions of the Western blot reagent’s
manufacturer. Proteins with transmembrane domains, such as CD63 and CD81, may aggregate when
boiled at higher temperatures [103]. This time, two conditions of sample preparation were tested side-
by-side using the SBI positive control sample. One sample was denatured at 70 °C for 10 min, as before,
and the other was denatured at 95 °C for 5 min. A similar pattern of bands was observed in both condi-
tions (Figure 3.3.A). Therefore, the initial conditions of protein denaturation, 70 °C for 10 min, were
maintained for the next experiments.

Jong et al. run tetraspanins under non-reducing conditions and observe disparate results, e.g.
smeared CD63 for non-reducing SDS-PAGE and multiple band CD63 for reducing SDS PAGE [104].
Hence, non-reducing conditions were tested for CD63 and CD81 in ES-2 EVs. A similar pattern of
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Figure 3.3 — Western blot analysis of cells and EVs prepared in different conditions with anti-CD63, anti-TSG101 and
anti-CD81. A) CD63, TSG101 and CD81 were detected in Human Exosome Lysate Positive Protein Control prepared at
different conditions of time and temperature for protein denaturation. Each lane was loaded with 10 pg of protein. B) CD63
and CD81 were detected in ES-2 EVs run under reducing (R) and non-reducing (NR) SDS-PAGE conditions. Each lane was
loaded with 4.31 pg of protein. C) CD63 and CD81 were detected in MDA cells and Human Exosome Lysate Protein Positive
Control with different patterns. Each lane was loaded with 15 pg of protein. Uncropped blots are available as supplementary

material (Figure S.3, Figure S.4, Figure S.5, respectively).
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bands was observed in both conditions (Figure 3.3.B) and the initial reducing conditions were main-
tained for next experiments. Interestingly, no multiple bands were observed in this experiment. For
reducing conditions, one sharp band at ~64 kDa and one smeared band at ~40-50 kDa were detected in
CD63 membranes. In CD81 membrane, one sharp band was detected at ~21 kDa. Compared to previous
experiments, different protein amounts (15 pg vs. 4.31 pg) and secondary antibody dilutions (1:5,000
vs. 1:20,000) were used in different samples (positive control vs. ES-2 EVS).

To understand whether results in Figure 3.3.B were sample-related, anti-CD63 and anti-CD81
antibodies were tested in MDA cells using 15 g of protein (Figure 3.3.C). Multiple bands were de-
tected in CD81 membranes, but with different intensities compared to the SBI positive control. Also, a
single band was detected in CD63 membrane of MDA cells. Depending on sample, CD63 can be de-
tected at a very wide range of molecular weights and the most intense bands observed in MDA cells or
SBI positive control were within reported ranges (from ~35 to >110 kDa) [105], [106]. In fact, tumour
cell derived EVs are highly glycosylated and compared to cell membranes, several glycosylations are
more enriched in EVs than in the source cell[98]. This can explain the observations in ES-2 EVs, as
several forms of glycosylated CD63 were observed. In MDA cells, a single glygosylated form was
observed.

Altogether, it was possible to conclude that the temperature of protein denaturation and electro-
phoresis conditions did not significantly impact the outcome. Different samples, however, led to differ-
ent results, and may be associated with EV isolation protocols and EV source samples. Moreover, a
secondary antibody dilution of 1:20,000 was tested with improving results for TSG101 (Figure S.6),
encouraging further tests using ES-2 cells and EVs.

3.1.1.3. Characterization of EVs from cells by Western blot

According to the ISEV guidelines, for a complete assessment of EV proteins collected from cell
culture conditioned media by Western blot, EVs and the source cells should be loaded side-by-side in
specified protein amounts [58]. Western blot for EVs collected from the conditioned medium of ES-2
cell culture and ES-2 cells was performed accordingly using 4 pg of protein. In CD63 membranes, a
band at ~64 kDa was detected in ES-2 cells and EVs (Figure 3.4). Another band (smeared) at ~40-50
kDa, was also detected but only in EVs. In TSG101 membranes, between 39 and 66 kDa, one sharp
band at ~60 kDa and other less intense bands, at ~39, 49, 50 and 66 kDa, were detected for ES-2 cells.
Another band at ~63 kDa was detected, but only for EVs. Interestingly, bands at ~50 kDa in cells and
EVs seem to not be the same, despite having the same molecular weight. In EVs membrane, this band
was more intense than the other of higher molecular weight. In CD81 membranes, between 14 and 28
kDa, one band at ~26 kDa was detected in ES-2 cells. Two other bands at ~21 kDa ~28 kDa, the second

being the most intense, were also detected but only for EVs.
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Compared to their source cells, EVs must be enriched in reported EV components [58]. In
exosomes and microvesicles, the glycosylated CD63 and the non-glycosylated CD81 (expected
molecular weight: ~26 kDa) are the most common markers among the tetraspanin family [107].
Compared to ES-2 cells, the glycosylated CD63, as suggested by the smeared band and high molecular
weight band at ~64 kDa, was enriched in EVs [107], [108], as well as the non-glycosylated CD81
protein (band at ~21 kDa) [107]. The enrichment in TSG101, with expected molecular weight of 50-52
kDa[106], was not as clear. EVs may have not been fully lysed, as TSG101 can not be detected in intact
ES-2 EVs [109]. Another possibility is that ES-2 EVs have low TSG101 levels as observed in Neuro2a
cell line compared to neuro2a EVs [110]. Ultimately, ES-2 EVs have been previously characterizaed
by TEM and NTA by R. Mendes (Figure S.8) and altogether results support the isolation of EVs.

CD63 TSG101 CDs1
Cells EVs Cells EVs Cells EVs
64 KDa —| v — 28 kDa —
-
51 19

39

Figure 3.4 — Western blot analysis of ES-2 cells and EVs with anti-CD63, anti-TSG101 and anti-CD81. Each lane was
loaded with 4 pg of protein. Uncropped blots are available as supplementary material (Figure S.7).

3.1.2. Characterization of ES-2 EVs metabolic signature

Mass spectrometry techniques are the method of choice for the characterization of many mole-
cules, including proteins, metabolites, and lipids. LC-MS uses a liquid mobile phase composed of two-
liquid gradient and a stationary phase from which analytes are slowly released as a result of changes in
the gradient. Despite lipids may be considered a subset of metabolites, they require different solvents
for mass spectrometry[111]. In this study, ES-2 cell-derived EVs were used to implement the metabo-
lomic workflow that can be further applied to characterize the lipid content of EVs from different bio-
fluids by LC-MS.

3.1.2.1. Untargeted metabolomics

ES-2 EVs | and Il were prepared for metabolite extraction in three different concentrations to test
the minimum amount of EVs necessary to generate good peak signals on LC-MS: 10°, 102 and 10%°
particles/mL, considering the initial particle concentration of the ES-2 EVs samples (9.6x10%° and
4.5x10™ particles/mL, for ES-2 EVs | and ES-2 EVs 1l respectively) and reported EV concentration
(10122 particles/mL)[80] used in metabolomics. Replicates of metabolite extraction were also prepared
along with EVs to evaluate the reproducibility of the metabolite extraction method. In total, 24 samples
were analysed in C18 column and amide column, each in positive and negative modes of ionization to

maximize metabolome coverage.
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QCs were prepared for different uses by pooling equal amounts of the biological test samples
together into a single representative sample. In this study, 10 initial QCs (conditioning QCs) were used
to equilibrate the analytical platform prior to sample analysis by coating sites in the analytical system
that absorb metabolites to remove variability in compound retention times, calculated as the time spent
by compounds on the column from injection to detection, and stabilize the detector response[78]. Data
obtained during this phase is variable and must be removed prior to any following data processing[78].
In addition, QCs at the middle and at the end of the run were used to check for systematic errors, such
as changes in retention time and peak shape, that can later be mathematically corrected[78].

Variations in retention time deviation were observed in conditioning QCs (Figure S.9), empha-
sizing the importance of incorporating them prior to analysis. To achieve higher reproducibility data,
the first 7 conditioning QCs were removed from subsequent processing of data (Figure 3.5). The same

procedure was applied for the other columns and modes of ionization.

Retention Time Deviation vs. Retention Time

Retention Time Deviation (s)

— 9CIl_Pos
—— QC_C_10_Pos
—— QC_C_11_Pos
= IQC C 12 Pos

0 200 400 600 800 1000 1200

Retention Time (s)

Figure 3.5 — Retention time deviation vs. retention time of extracted metabolites from ES-2 EVs. Data obtained by LC-
MS using C18 column and positive ionization mode was processed with XCMS package. First conditioning QCs used to
equilibrate column and improve reproducibility of data originated high variability in retention time deviation (Figure S.9). For
this reason, only last 3 QCs (in the figure) were considered for subsequent data processing.

Once corrected the retention time deviation, the extracted ion chromatograms (EIC) containing
the intensity of signals at 80-1100 m/z by retention time, for both columns in positive and negative
modes of ionization, were extracted using XCMS R package (Figure 3.6). For the C18 column and
positive mode, 1130 features (i.e., peak groups representing the same analyte) were identified. For the
C18 column and negative mode, 1075 features were identified. For the amide column and positive
mode, 930 features were identified. For the amide column and negative mode, 973 features were iden-
tified. High intensity peaks at the beginning and end of the separation zone may indicate contaminants.
We hypothesized whether centrifuge tubes and filters used during the EV isolation procedure were
releasing plastic polymers onto samples due to mechanical forces[112], [113]. Bearing that in mind, we
implemented extraction blanks, prepared by replacing the biological samples with water and applying

the same EV isolation procedure, to check for contaminants [114]. Features identified in biological
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Intensity

samples and blanks can be considered contaminants and used for baseline subtraction. Moreover, EICs
revealed humps throughput the separation zone. These humps may suggest poor sample preparation
and purification or that samples are too complex to be chromatographically resolved. In this case, ultra-
high resolution mass spectrometry techniques are recommended [115].
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Figure 3.6 — Extraction ion chromatograms (EIC) using C18 and amide columns in positive and negative ionization
modes by XCMS. A — C18 (positive mode); B — C18 (negative mode); C — amide (positive mode); D — amide (negative
mode).

The optimal range of peak intensity considered for this MS equipment was 10°-10°[116]. Detailed
analysis (Table 3.1) indicates that for C18 column most peaks were within the optimal range and a
smaller proportion was at suboptimal intensity (less frequent) or above 10°. More specifically, in nega-
tive mode of ionization, the percentage of optimal peaks to total peaks were 90.9%, 91.0% and 91.4%
on average for the two metabolite extraction replicates using ES-2 EVs I and Il samples at 10°, 108 and
10, respectively. In positive mode of ionization, were 98.1%, 98.2% and 98.5%, respectively. For the
amide column, most peaks have suboptimal intensity. Less than 40% of peaks were within the optimal
range, thus, compound identifications may be more reliable for C18 column. More specifically, in neg-
ative mode of ionization, the percentage of optimal peaks to total peaks were 33.0%, 32.1% and 32.9%
on average for the two metabolite extraction replicates using ES-2 EVs | and Il samples at 10°, 108 and
10%°, respectively. In positive mode of ionization, were 35.6%, 34.6% and 36.2%, respectively. The

three EV concentrations tested, 108, 108 and 10% particles/mL, did not lead to much different ratios.
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This may have been caused by insufficient membrane lysis to extract the EV metabolome. In fact, intact
particles on precipitate after metabolite extraction were observed by TEM (Figure S.11). Variations on
the protocol can be tested such e.g. freeze/thaw cycles with higher thawing temperature coupled to a
sonication step[117]. Moreover, more peaks with optimal intensity were identified using C18 column.
This may be correlated with the sample concentration step performed after metabolite extraction and

before LC-MS analysis only performed using samples for C18 column.

Table 3.1 — Total features identified in ES-2 EVs by peak intensity using XCMS R package. ES-2 EVs | and Il were
prepared in three concentrations, 108, 108 and 10%° particles/mL (P/mL), for metabolite extraction in replicates of extraction.
Optimal peak intensities are between 10°-10°,

C18 (positive C18 (negative) Amide (positive) Amide (negative)
P/mL <10° 10°-10° >10° | <10° 10°-10° >10° | <10° 10°-10° >10° | <10° 10°-10° >10°

101 5 1113 12 95 979 1 620 373 0 649 324 0

> 6 1112 12 94 980 1 628 365 0 653 320 0
5 108 4 1114 12 97 977 1 652 341 0 662 311 0
a 13 1105 12 89 985 1 645 348 0 656 317 0
i 10° 9 1109 12 96 978 1 637 356 0 648 325 0
7 1111 12 93 981 1 635 358 0 650 323 0

101 4 1114 12 89 985 1 644 349 0 654 319 0

= 5 1113 12 88 986 1 644 349 0 657 316 0
5 108 8 1110 12 95 979 1 650 343 0 666 307 0
o 10 1108 12 104 970 1 649 344 0 659 314 0
A 106 9 1109 12 108 966 1 641 352 0 655 318 0
13 1105 12 92 982 1 645 348 0 655 318 0

To evaluate the reproducibility of the metabolite extraction method, each replicate of extraction
was plotted for the three particle concentrations tested of the two ES-2 EV samples. A linear relationship
was found in all conditions: peaks of extraction replicates were very similar to each other (r? > 0.9)
suggesting reproducibility of the method (Figure 3.7). Additionally, the coefficient of variation (CV) of
extraction replicates was calculated and considered acceptable up to 20%. Results confirmed the repro-
ducibility of the method. For the C18 column positive mode, 88% or more features had CV<20% in
replicates of extraction prepared from ES-2 EVs samples at 10°, 102 and 10%° particles/mL. For the other
columns or ionization modes were as follows: for the C18 column negative, 91%; for the amide column
positive mode, 82%; amide column (negative mode), 87%.

Further analysis was carried using the Compound Discoverer software. For the C18 column and
positive mode, 46 compounds were identified (Table S.1). For the C18 column and negative mode, 20
compounds were identified (Table S.2). For the amide column and positive mode, 102 compounds were
identified (Table S.3). For amide column and negative mode, 87 compounds were identified (Table
S.4). Out of 66 metabolites, 11 lipids or lipid-like molecules, 12 amino acids, peptides, or analogues,
and 4 benzenoids were identified in C18 column. Out of 189 metabolites, 46 lipids or lipid-like mole-
cules, 11 amino acids, peptides or analogues, and 19 benzenoids were identified in amide column.

For pathway analysis, compounds were imported to MetaboAnalyst and analysed by column,
both ionization modes together. For the input data of C18 column (Table S.5), the top three pathways
identified in both positive and negative modes of ionization were glutathione metabolism (p-value =

0.0905, enrichment ratio = 3.899), ammonia recycling (p-value = 0.182, enrichment ratio = 2.561) and
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Figure 3.7 — Peak intensity of features identified in metabolite extraction replicates from ES-2 EVs. A — C18 column and
positive mode; B — C18 column and negative mode; C — Amide column and positive mode; D — Amide column and negative
mode. Dark blue — ES-2 EVs | at 108 particles/mL; Yellow — ES-2 EVs Il at 106 particles/mL; Grey — ES-2 EVs | at 108
particles/mL; Green — ES-2 EVs Il at 108 particles/mL; Orange — ES-2 EVs | at 10%° particles/mL; Light blue — ES-2 EVs I
at 101° particles/mL. E1 — replicate 1 of metabolite extraction; E2 — replicate 2 of metabolite extraction).

glycerol phosphate shuttle (p-value = 0.239, enrichment ratio = 3.717) (Figure 3.8.A) (Table S.6). For
the amide column (Table S.7), the three top pathways identified in both positive and negative modes of
ionization were riboflavin metabolism (p-value = 0.0912, enrichment ratio = 1.835), fatty acid biosyn-
thesis (p-value = 0.237, enrichment ratio = 1.075) and beta oxidation of very long chain fatty acids (p-
value = 0.0912, enrichment ratio = 1.835) (Figure 3.8.B)(Table S.8).

It has been reported that in ovarian cancer, adipocytes of the omentum provide neoplastic cells
fatty acids, and induce beta oxidation to support tumour growth [118]. The fatty acid oxidation acts as
an efficient and selective source of energy for nutrient deprived cancer cells by generating large
amounts of ATP [119]. Moreover, ovarian CAFs supply neoplastic cells cysteine and glutathione to
protect cells from chemotherapy. Cysteine helps maintain balance in cells exposed to redox stress
caused by chemotherapy as a component of glutathione[36]. Similarly, an enrichment in riboflavin,
involved in lipid metabolism[120], has been associated with chemoresistance in ovarian cancer [121].
Another source of nutrients for tumours are amino acids, namely glutamine. The enzymatic conversion

of glutamine into glutamate, with pro-tumorigenic signalling activity, originates the by-product ammo-
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nia which is enriched in the tumour microenvironment and further recycled into glutamate and down-
stream amino acids as a nitrogen source to support tumour biomass [122]. Also, the metabolism of
glycerol-3-phosphate, a component of the glycerol phosphate shuttle, associated with glycolysis, de
novo synthesis of triglycerides and oxidative phosphorylation [123], is in ovarian cancer associated
with tumour migration and poor prognosis by the activity of glycerol-3-phosphate acyltransferase [124].
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Figure 3.8 — Top 25 of enriched metabolite sets on ES-2 EVs by LC-MS untargeted metabolomics using C18 and amide
columns. Compounds identified using Compound Discoverer were imported to MetaboAnalyst for pathway analysis of C18
(A) and amide (B) column metabolites.

Altogether, these results sustain the hypothesis that ES-2 EVs contain pro-tumorigenic metabo-

lites, such as amino acids and lipids, and stimulated a change of approach from untargeted metabolom-

ics to lipidomics for a more targeted characterization of the EV content.

3.1.2.2. Lipidomics

For the lipidomic approach, two experiments were conducted. The first experiment was per-
formed using a less concentrated sample (1x10° particles/mL), prepared from ES-2 EVs at 9.6x10%°
particles/mL for three IPA dilutions (1:1, 1:2 and 1:3), and generated few intense peaks in all conditions
tested (Figure 3.9.C) and Compound Discoverer identified only 4 compounds with full match from
mzCloud, ChemSpider or Predicted compositions nodes (Table S.9). From the total ion chromatograms
(TIC), some of the peaks found in extraction blanks (Figure 3.9.A) matched with peaks found in EV

samples Figure 3.9.B). Therefore, the extraction blank sample must be used for contaminant subtraction
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Figure 3.9 — Total ion chromatograms of extraction blank, ES-2 EVs and QC. A — Extraction blank of the isolation
procedure; B — ES-2 EVs; C — QC generated by pooling all samples (extraction blanks and ES-2 EVs) together. Three lipid
extraction conditions were tested, 1:1, 1:2 and 1:3 dilution of EVs (at 10° particles/mL) in IPA.

to allow more reliable compound identifications and we may need to increase the concentration of par-
ticles. Because few peaks were detected, a further analysis using MetaboAnalyst was not conceivable.

The second experiment was performed using the more concentrated ES-2 EVs sample (4.5x10
particles/mL) of the two ES-2 EVs samples. Another sample of Hep-G2 cells and Hep-G2 cell culture
media were implemented to assess the efficacy of the lipid extraction method. If lipids were identified
in Hep-G2 samples, then we could hypothesize that in the first experiment lipids were extracted but
were at very low levels to be detected by the implemented analytical platform.

For the positive mode of ionization, 68 compounds were identified in all samples, including EVs
(Table S.10). For the negative mode of ionization, 18 compounds were identified in all samples (Table
S.11). For both modes of ionization (Table S.12), the top three pathways identified using MetaboAna-
lyst platform were betaine metabolism (p-value =0.0723, enrichment ratio =4.435), methylhistidine
metabolism (p-value =0.0833, enrichment ratio = 11.641) and urea cycle (p-value = 0.126, enrichment
ratio = 3.210) (Figure 3.10) (Table S.13).

Betaine is a specific ovarian cancer metabolite, derived from the choline metabolism and in-
volved in the methylation cycle, with increased levels on EOC and metastatic ovarian cancer tissue
compared to normal [125]. Methylation in several cell types is associated with malignant phenotypes
of cancer [126]. Methylhistidine, resulting from elevated protein degradation, is a proposed marker of
colorectal cancer [127] further associated with tissue repair and remodelling, alterations in the inflam-
matory response and redox imbalance [128]. Moreover, the dysregulation of the urea cycle has been
considered a metabolic hallmark in cancer, with implications on the anabolism of molecules, such as

pyrimidines, implicated in tumour proliferation and aggressiveness [129].
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Figure 3.10 — Top 25 of enriched metabolite sets on ES-2 EVs by LC-MS lipidomics. Compounds identified using Com-
pound Discoverer were imported to MetaboAnalyst for pathway analysis.

From Hep-G2 results, peaks were more intense for cells than cell culture media, and further anal-
ysis of identified compounds was not investigated for it was not the scope of the experiment. However,
results from cells suggested that the method for lipid extraction led to the recovery of lipids — if the first
experiment led to little intense peaks, then it most likely was not method-related but due to the concen-
tration of EVs (too low) as proposed before. Therefore, better outcomes for EVs might be achieved if

the concentration of particles was increased.

3.2. Validation of EV isolation protocol in patient biofluids

3.2.1. Characterization of patient cohort

Ascitic fluids and peritoneal washes were obtained during surgical resection of ovarian tumours
from 15 patients with different subtypes: 11 high-grade serous adenocarcinoma (HGSC), 1 low-grade
serous carcinoma (LGSC), 1 endometrioid carcinoma (EC) and 1 non-gynaecologic adenocarcinoma
(NGC) (Table 3.2). Since the accumulation of ascitic fluids represents a poor disease prognosis, peri-
toneal washes were collected from patients without ascitic fluids and used as control group of a less

aggressive disease.
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Table 3.2 - Ascitic fluids and peritoneal washes used for EV isolation and patient characterization. Diagnostic: HGSC
— High-grade serous adenocarcinoma; LGSC — Low-grade serous adenocarcinoma; EC — endometrioid carcinoma; NGD —
non-gynaecologic adenocarcinoma. Status: NPC — positive for neoplastic cells; DD — deceased from the disease; DF — disease
free; DC — disease carrier. C125 — C125 levels in ascitic fluids or peritoneal washes. N.A. — not available.

ID Harvest Patient age Liquid Diagnostic  Stage  Status CA125

date cytology (U/mL)

AF1 31.01.2012 73 NPC HGSC VB DD 6872.9

AF2 07.05.2013 56 NPC HGSC Ic DD 31423.0

AF3 17.05.2013 62 NPC HGSC Ic DD 83582.3

8 AF4 06.05.2013 60 N.A. N.A. IC DF 724.3
;_'j AF5 16.09.2015 60 NPC HGSC IVA DF 561.4
§ AF6 31.10.2013 65 NPC HGSC Inc DF 98836.0
< AF7 05.10.2013 73 NPC HGSC B DC 88858.8
AF8 21.11.2011 64 NPC HGSC Ic DD 3776.4

AF9 N.A. N.A. N.A. N.A. N.A. N.A. 877.0

AF10  13.05.2015 69 NPC HGSC 1][e} DC 22755.2

AF11  31.05.2013 57 NPC HGSC 1A DD 1751.7

PW1 18.12.2020 72 NPC HGSC 1nc DC 3707.5

g E PW2 06.01.2021 84 NPC EC 1A DD 7778.6
§ § PW3 23.02.2021 43 NPC HGSC IVA DF 9299.1
& PW4 23.04.2021 62 NPC NGD VB DD 928.1

3.2.2. Step-by-step characterization of the isolation fractions

Differential centrifugation for the isolation of EVs is suitable for large volume preparation and
provides low contamination risk with additional isolation reagents [70]. The low cost technique is also
the most used for metabolomic studies of the EV content[130]. For these reasons, a differential centrif-
ugation-based method was implemented in this study for the isolation of EVs from patient samples. A
step-by-step characterization of the isolation procedure provides information on the efficiency of the
isolation method and/or the purity of the isolates[131]. During the isolation procedure (Figure 3.11)
fractions to be isolated (“isolated fractions™) or discarded (“discarded fractions”) were collected and
characterized by the three characterization methods, Western blot, TEM and NTA. Two samples of
ascitic fluid, AF7 and AF11, and another sample of peritoneal washes, PW1, were used for this purpose.
Isolated fractions include the source biological sample (AF/PW), supernatants collected during differ-
ential centrifugation (S2 and S3), resuspended pellets and filtrate during washing steps (RP4, FP4, RP5)
and the final pellet (EVs). Discarded fractions include pellets collected during the differential centrifu-

gation (P2 and P3) and supernatants collected after ultracentrifugation steps (S4, S5 and S6).

32



(%]
=
= Qo
52
o S
5 ©
Sl Collect Tt T Collect
o § 2,000 g, 30 min supernatant ::::] 12,0009, 45min fi:i: supernatant 110,282 9,2 h
q>) o] 53 Discard pellet 5 530 Discard pellet
g & (=cells) (=debris) [
g <
[5)
o S2 + P2 S3+P3 S4 + P4
s nt a
= 2 wash 1 wash
o
@
= —
a e Discard . Discard
® 110,2829,70min |+ . supernatant 110,282 g, 70 min |- - Filtrate supernatant
- A
= S Resuspend Resuspend
= Collect -
§ ﬁ ﬁ pellet (=EVs) oo pellet pellet(s)
> %
@]
EVs + S6 RP5 S5+ P5 FP4 RP4
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3.2.2.1. Protein detection by Western blot

Samples of isolated and discarded fractions were tested for the presence of EV components,
CD63 and TSG101, and non-EV component, ApoA-I, by Western blot. Samples with low protein con-
centration (less than 0.3 pg/pL) were protein concentrated using TCA prior to the characterization.
Except for AF11 RP5, all other concentrated fractions were loaded in equal protein amounts onto gels
along with non-concentrated fractions by biological sample. CD81 and CD63 are in the same ISEV
category and biological samples were limited as indicated by the protein quantification assays. For this
reason, CD81 was not analysed in ascitic fluids and peritoneal washes.

No signal was detected for CD63, TSG101 and ApoA-1in AF11 RP5 (0.9 ug) lane (Figure 3.12).
RP5 is an isolated fraction, therefore the volume collected for step-by-step characterization by Western
blot, TEM and NTA was as small as possible to not interfere with the EV recovery by the last isolated
fraction. The theoretical protein concentration after precipitation was insufficient so that RP5 could be
loaded in equal protein amounts as the other AF11 fractions, thus only 0.9 ug of protein were used
instead of 6.63 ng. Besides the small volume used for TCA precipitation, RP5 is also a more diluted
fraction when compared with e.g., FP4. Furthermore, we characterized AF11 RP4 and FP4 fractions
with and without TCA precipitation, and it suggested that protein is lost during TCA precipitation
(Figure S.10)[132]. All these factors may have contributed to the lack of signals for CD63, TSG101
and ApoA-I, which in turn may not be correlated with the presence or absence of EV and non-EV

components in AF11 RP5 fraction.
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Bands were detected in CD63 and TSG101 EVs lanes of AF11, thus suggesting recovery of EVs
by the end of the isolation procedure. Although very faint, the band observed in CD63 membrane is at
~64 kDa and a faint smear further suggests the enrichment in several forms of glycosylated CD63 not
observed in other fractions, as seen in ES-2 EVs. Also, in TSG101 membrane a single band at ~50 kDa
was observed only in EVs. A band with the same molecular weight was observed in ES-2 EVs but was
not enriched when compared to the ES-2 cells, nor was the most intense band. In AF11, the ~50 kDa
band is unique among other bands in isolated fractions, suggesting that it may be specific to the anti-
body. Other bands observed in isolated fractions except EVs, both in TSG101 and CD63 membranes,
may be non-specific and possibly caused by the high complexity of samples, as observed in the positive
control sample used to implement antibodies (Figure 3.1). In purification protocols, we can expect the
last fraction to be less heterogenous than all other fractions, and that was observed in this step-by-step-
characterization of AF11, AFF7 and PW1 samples. In PW1, similar results as for AF11 were observed
in EVs lane, with the enrichment in glycosylated CD63 and ~50 kDa TSG10, using 4 ug of protein. In
AF7, no bands were detected in EVs lanes, possibly because the total protein (0.9 ug) was too low so
CD63 and TSG101 could be detected. For this reason, the characterization of EVs isolated from other
ascitic fluids and peritoneal washes in subsequent experiments was performed using 4 ug of total pro-
tein, whenever possible.

A single band in ApoA-I AF11 EVs lane was also observed. Despite that, compared to other
isolated fractions the signal intensity of ApoA-I in EVs was weaker suggesting that there was sample
purification in some degree from this contaminant. In PW1, ApoA-I was detected in the biological fluid,
but not in EVs. Lipoproteins can be very abundant in biofluids when compared to EVs. For example,
lipoprotein are estimated to be 20 to 100 fold more abundant than EVs in serum [133], [134]. It is
reported that ultracentrifugation-based methods cannot separate completely small EVs from lipopro-
teins[135]. Therefore, we can hypothesize that lipoproteins containing ApoA-I1, such as HDL and chy-
lomicrons, were co-isolated with AF11 EVs. Unless the two groups of particles are characterized sep-
arately, this can be problematic for metabolomic applications using EVs from biofluids, as the source
of molecules such as lipids could either be EVs or lipoproteins[136]. As observed before in ascitic
fluids (Figure 3.2), a single ApoA-1 band at ~26 kDa (Figure S.10) was observed in PWs fractions. For
this reason, ApoA-I and CD63 antibodies were incubated simultaneously in all next experiments for
ascitic fluids and peritoneal washes with the purpose of sample rationing.

Overall, we observed that more heterogenous or complex fractions originated multiple bands in
Western blots. Also, the isolation procedure led to the removal of contaminants, specifically ApoA-I,
in some degree until the final step. Positive results for CD63 and TSG101 suggested the recovery of

EVs by the end of the isolation. However, to be sure NTA and TEM were further carried out.
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3.2.2.2. Determination of size and particle concentration by NTA

All isolation fractions of AF11 were further analysed by NTA to determine particle concentration
and size among isolated and discarded fractions. The NTA method is used for the analysis of particles
in liquid suspensions[137]. The particle size and concentration, with direct and real-time visualization
supported by the specially developed software, is based on the Brownian motion and laser light scatter-
ing properties of the particles, captured by a scientific digital camera[137].

Differential centrifugation is used to separate EVs based on their sedimentation efficiency, which
is proportional to their sizes[138]. Small EVs (50-150 nm), such as exosomes, sediment at centrifuga-
tion forces in the range of 100,000 to 200,000 X g, and large EVs (150-1000 nm), such as microvesicles,
large oncosomes and ectosomes[58], in the range of 10,000 to 20,000 x g[139]. In this study, a clearing
step was performed at 2,000 x g to remove cells and dead cells from biological fluids, followed by
another centrifugation at 12,000 x g to sediment cell debris and large EVs. Subsequent centrifugations
were all performed at 110,282 x g to recover small, purified EVs.

The particle size distribution, normalized to the total particle count (Figure 3.13.A and B), revealed
five or more peaks in most fractions, indicating polydispersity. Some peaks of the isolated fractions
matched with others in the corresponding discarded fraction, including peaks at the size range of 50-
150 nm until the S3/P3 step, performed at 12,000 x g. This may indicate that small EVs were lost at
first steps of the protocol. Adding to this, size distribution of fractions towards the final steps of the
isolation procedure seemed to be widening and peaks shifting towards larger sizes. Compared to the
first isolated fraction, consisting of ascitic fluids, in which the most intense peak was at 113.5 nm, in
EVs the most intense peak was at 178.5 nm. Similarly, the most intense peak in P2 was at 121.5 nm
and in S6 at 140.1 nm. In addition to small EVs loss in isolated fractions, it is possible that particle
agglomeration was contributing to the detection of large-sized particle populations, compared to small-
sized populations which in parallel were decreasing. Particle agglomeration is a phenomenon described
in high-speed centrifugation methods to isolate EVs[140]. The agglomeration of EVs has implications
on their concentration and size determination, and complete resuspension of agglomerates either by
e.g., shear force or trypsin may damage EVs[141].

Moreover, the particle size distribution of the EVs fraction demonstrated three peaks, specifically
at 134.5 nm, 178.5 nm (the most intense) and 234.5 nm, and the mean size was 195.1 nm. Compared to
the P3 fraction, we expected smaller size distribution and the most intense peak to be at smaller size
ranges[139]. However, the most intense peak in P3 was at 86.5 nm and particles ranged from 13.5 nm

to 421.5 nm. In EVs, particle size ranged from 59.5 to 517.5 nm. Despite this observation, small vesicles
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were still detected in the latter fraction, as expected. However, it is important to note that other small
sized structures, such as protein aggregates and lipoproteins[133] may have been co-isolated with EVs.
There are two classes of lipoproteins containing ApoA-I1, the non-EV protein component used in this
project to evaluate the purity degree of EV isolates and detected in EVs during step-by-step character-
ization by Western blot (Figure 3.12), which are HDL and chylomicrons[100]. HDLs are sized from 7
to 13 nm, thus can be separated from EVs based on differences in size by ultracentrifugation tech-
niques[71]. HDLs were not expected in isolated EVs, but chylomicrons can be expected as they range
from 75 to 1200 nm and are separated from EVs using methods based on density differences, such as
sucrose gradient density separation [71] that are combined with ultracentrifugation for improved purity,
but lower EV yields compared to differential centrifugation[130], and are also reported in metabolomic
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studies[142]. If chylomicrons were in fact co-isolated with EVs, it is possible that the second washing
step had little impact on the purity degree of EVs from ApoA-1 [143].

The median diameter, lower (D10) and upper deciles (D90) of isolated and discarded fractions were
represented in Figure 3.13.C. All fractions had median sizes ranging from 100 to 200 nm. Among the
isolated fractions, S2 had the lowest and EVs the highest median, specifically 101 nm and 187.1 nm,
respectively. Among the discarded fractions, P3 had the lowest and S6 the highest median, 102 nm and
171 nm, respectively. From fractions S2 and P3, the median diameter, lower and upper deciles showed
an overall tendency to increase until the last fraction of isolated and discarded fractions, confirming
what we had observed in Figure 3.13.A and B, and once again suggesting the decrease in small particles
from the second centrifugation of the isolation procedure (Figure 3.13.D). The frequency of particles
within 50-150 nm decreased throughout the isolation procedure in isolated fractions. Inversely, in dis-
carded fractions there was an enrichment in those particles until the first ultracentrifugation step, sug-
gesting small particle loss. Compared to other fractions, in which most particles are within 50-100 m
or 100-150 nm, EVs is the only fraction in which most particles (31.8%) are within 150-200 nm (Figure
3.13. E and F). The percentage of particles within 50-150 nm was the following for isolated fractions:
76.5%, 88.7%, 83.3%, 62.7%, 71.9%, 64.8% and 26.3%, in ascitic fluid, S2, S3, RP4, FP4, RP5 and
EVs, respectively. The percentage of particles within 50-150 nm was the following for discarded frac-
tions: 75.9%, 81.4%, 89.9%, 70.5% and 35.7%, in P2, P3, S4, S5 and S6, respectively.

Ultimately, 1.6 x 10° particles were isolated in EVs fraction from unprocessed ascitic fluid con-
taining 2.0x10° particles. Recovery of small EVs is calculated as the recovered to total EVs ratio and
for ultracentrifugation based methods is reported to range between 5-25% [144]. In this study, the re-
covery of small vesicles (50-150 nm) was 27.9%. However, NTA does not allow to discriminate EV
populations from other particles of similar size and ApoA-I was detected by Western blot, which sug-
gests indeed the presence of non-EV particles that may impact the recovery calculations.

Although small particles are expected to be enriched during centrifugation cycles of 100,000 x g
for biofluids [145], we observed loss of these particles throughout the procedure and an increase in
median size by the last isolated fraction. In fact, ultracentrifugation based-methods are reportedly less
efficient at pelleting smaller particles and are associated with co-isolation of lipoproteins[71]. Protocols
for centrifugation-based methods may require adaptations, as the choice of rotor, length of centrifuga-
tions, and washing steps may impact the EV yield and purity of isolates [146] and optimized protocols
have been proposed[147]. In differential centrifugation, a compromise has to be found as repeated ul-
tracentrifugation steps can damage EVs, and promote aggregation and co-isolation of contaminants,
and inefficient washing can increase protein contamination[148]. Bearing this in mind, Chang et al.
proposed a protocol to isolate EVs based on immunoaffinity that is further compatible with metabo-
lomics[149]. The authors claimed that more and high pure exosomes could be collected from cell cul-

ture media compared to traditional ultracentrifugation methods and generate a higher number of features
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in metabolomics using aptamer-based immunoaffinitive magnetic composites
(MagG@PEI@DSP@aptamer).

3.2.2.3. Analysis of EV morphology by TEM

To complete the step-by-step characterization, isolated and discarded fractions of AF11 were
further analysed by TEM for morphology assessment. Under the drying conditions used on TEM, EVs
display a cup-shape like morphology [150]. A decrease in sample complexity from the first to the last
step of the isolation procedure was observed, with less components in number and heterogeneity being
observed (Figure 3.14). From images of S5 and S6 fractions, some EV-like particles seemed to have
been lost, as suspected previously with NTA results (Figure 3.13). These supernatants were collected
before and after the second washing step and were discarded. The presence of non-EV material in EVs
fractions, as suggested by Western blot (Figure 3.12), and loss of EVs during the second washing step
should be analysed in more detail, because the second washing step may have little impact on the purity
degree of isolated EVs and additionally cause loss of important material[143]. Because the AF11 RP5
was low in protein, we could not further investigate this issue based on Western blot results. Neverthe-
less, and as expected, round cup-shaped particles sized ~100 hm were observed suggesting the recovery
of small vesicles, such as exosomes, from ascitic fluids. These particles were very close to each other,
thus suggesting agglomeration as suspected from NTA results. In ultracentrifugation-based protocols
this issue may result in lower EV yields[151] and can affect NTA results|139] which are used in metab-
olomics and EV recovery calculations. Large-sized populations of particles were detected by NTA, but
as the representative image suggests, it is possible that those were caused by particle agglomeration.
Chylomicrons were not observed in the analysed images of AF11 EVs, and if present, HDLs would
hardly be noticed considering their small size (7-13 nm)[71]. Therefore, we could not confirm the pres-
ence of ApoA-I containing lipoproteins in AF11.

In PW1 and AF7, round cup-shaped vesicles were also observed, suggesting the presence of EVs
(Figure 3.15). Additionally, in AF7 sample, round vesicles were also observed but without the charac-
teristic cup-shape morphology, indicating that those vesicles may not be EVs and, based on morphology
and size (~100 nm), possibly are chylomicrons[152]. However, it is important to note that not all EVs
display the cup-shape morphology in TEM (negative stain) and, for this reason, can be mistaken by
lipoproteins[153]. In PW1 sample, more heterogeneous components were observed, specifically light
and shapeless structures, also without the cup-shape morphology, not expected for EVs. These struc-
tures may have been co-isolated because of their similar size to EVs. In AF7, the EV-like particles also
formed agglomerates. In AF11, AF7 and PW1 were observed EV-like particles with variable size, small
(50-150 nm) and large (>150 nm) vesicles, indicating the isolation of a population of EVs, as expected
for biofluids[91].
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Figure 3.14 — TEM analysis of AF11 isolated and discarded fractions. EVs were negatively stained and analysed by TEM.
Scale bars are indicated at the bottom of each image.
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Figure 3.15 — TEM analysis of EVs isolated from AF7 and PW1. Preparations were negatively stained and analysed by
TEM. Representative images are shown for AF7 (left) and PW1 (right) EVs. Scale bars are indicated at the bottom of each
image. EVs with cup-shape morphology are indicated with blue arrows. Lipoproteins are indicated with white arrows. Co -
isolated particles without cup-shape morphology are indicated with black arrows. EV agglomerates are indicated with blue
circle.

Altogether, results from the three characterization techniques suggested the isolation of small
EVs from biofluids. From Western blot results, EV components were detected in AF11 and PW1. From
NTA results, small (50-150 nm) and large particles (150-1000 nm) were detected in AF11 EVs. From
TEM results, cup-shaped vesicles were observed in AF11, AF7 and PW1 EVs. Despite there was evi-
dence of EV loss, lipoprotein contamination and EV agglomeration, there was confidence in claiming
that EVs were isolated from ascitic fluids and peritoneal washes. Therefore, the isolation and charac-

terization of EVs from other patient samples was carried out afterwards.

3.3. Characterization of EVs isolated from patient samples

3.3.1. Protein detection by Western blot

EVs isolated from all samples of ascitic fluids and peritoneal washes were characterized by West-
ern blot for the presence of EV and non-EV components, in parallel with the source biological fluid. A
different pattern of bands in CD63 membrane was observed in EVs when compared to the source ascitic
fluid or peritoneal washes sample (Figure 3.16). In most biofluids, a sharp band at ~64 kDa was ob-
served with little smearing. In contrast, a smearing pattern was observed in most EVs, particularly in
EVs from ascitic fluids. This smearing covered a wide range of molecular weights, from ~30 kDa to
>191 kDa, as expected for CD63 [154]. Among ascitic fluids, only AF4 EVs had a single band at ~60
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kDa, suggesting that AF4 EVs may be enriched in a specific glycosylated from of CD63. Also, ~50
kDa TSG101 band was fainter in comparison to other AF EVs loaded in equal protein amounts, as well
as two extra bands not observed in other samples. Among peritoneal washes, the smearing was more
evident in PW3 but still less than the majority of ascitic fluids. More states of glycosylation were ob-
served for EVs, and the degree of glycosylation may be an indicator of EV enrichment compared to
other components[98], as previously observed for ES-2, AF11 and PW1 EVs. Compared to the source
ascitic fluid or peritoneal washes, the ~50 kDa TSG101 band was much more intense in EVs than in
biofluids, as previously observed for AF11 and PW1 EVs in step-by-step characterization, suggesting
the enrichment in TSG101 EVs by the last isolation fraction. Moreover, AF7 EVs were once again
analysed and this time we could confirm the presence of CD63, TSG101, and the contaminant ApoA-
I, suggesting that in step-by-step characterization the total protein levels were indeed too low so that
proteins could be detected. Based on results obtained for all patient samples, Western blot results were
better when using EV total protein of at least 2 pg. PW1 EVs were also analysed for the second time,
and, compared to the first experiment (Figure 3.12), the smeared CD63 was not observed but a high
molecular weight band (~85 kDa) appeared, suggesting that within the same sample more than one type
of EVs were isolated and for the amount of protein tested we may not be able to see that variability.
Lastly, compared to biofluids, a single band of ApoA-I (~26 kDa) much less intense was observed for
EVs, indicating that the contaminant was removed in some degree from initial sample to the last fraction

collected.

3.3.2. Determination of particle size and concentration by NTA

All EV fractions from ascitic fluids and peritoneal washes were further analysed by NTA. Most
particles were distributed over a wide range of sizes, more specifically from 20.5 nm (PW1) to 748.5
nm (AF10), and the most intense peaks in each sample were between 107.5 nm (AF9) and 255.5 nm
(AF4) (Figure 3.17. A and B). Most samples have four or more peaks, some with double or triple the
size of others suggesting particle agglomeration. Only AF9 was more abundant in particles sized from
50 to 150 nm, as 59.70% of the particles were within that range (Figure 3.17. C). Other samples were
as follows: 4.54%, 7.07%, 4.96%, 1.66%, 22.26%, 21.57%, 15.76%, 28.99%, 8.37%, 26.25%, 34.91%,
11.83%, 20.60% and 18.34%, in AF1, AF2, AF3, AF4, AF5, AF6, AF7, AF8, AF10, AF11, PW1, PW2,
PW3 and PW4 samples, respectively. However, 7 out of 15 samples were more abundant in particles
sized up to 200 nm than sized over 200 nm. AF4 had the lowest percentage of particles sized up to 200
nm and AF9 the highest percentage, in specific 19.27% and 85.89%, respectively. In addition, median
size ranged from 136.5 nm in AF9 to 244.1 nm in AF4 (Figure 3.17. D). AF4 had the highest protein
concentration (3.177 pg/uL) and AF9 one of the lowest (0.116 pg/pL), but no linear relationship was

found between the protein concentration and median size in EVs from patient samples (Figure S.13).
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Figure 3.17 — Particle size distribution of EVs from patient samples by NTA. A, B — Particle size distribution normalized
to total particle count. D — Size median (markers), lower decile, D10, (bottom whisker) and upper decile, D90, (top whisker)
of all fractions; C — Proportion (%) of particles per size range.

Median sizes higher than expected for small EVs may suggest protein agglomerates, as indeed
observed during step-by-step characterization, but also large sized EVs, such as microvesicles (100-
1000 nm)[155]. Li et al. isolated EVs from peritoneal washes of benign ovarian cyst patients and ascitic
fluids of ovarian cancer patients by differential centrifugation and observed that the mean sizes were of
86.4 nm and 138.9 nm, respectively[156]. However, their observations were based on TEM images,
that additionally revealed the occurrence of particle agglomerates, and the peritoneal washes analysed
were benign. In this study, the average particle mean in ascitic fluids was 211.5 + 28.1 nm and in
malign peritoneal washes was 205.5 + 19.3 nm, based on NTA method.

The particle concentrations were also obtained for patient samples by NTA, and results were very
heterogenous among samples. Particle count ranged from 1.52 x 10° (AF7 EVs) to 1.45x 10° (AF4
EVs) particles (Figure 3.19). Ultimately, the least concentrated sample was AF7 with 1.52x10%° parti-
cles/mL and the most concentrated sample was AF4 with 1.45x10% particles/mL. Only the first five
samples would be suitable for lipidomics if the same conditions used on ES-2 EVs Il (4.5 x10'! parti-
cles/mL) were to be applied.

Total protein can correlate with EVs, but also with protein contamination and may vary if a lysis
step is performed. Particle number and total protein were further analysed, and there was observed a
linear relationship between the two parameters (Figure 3.18). AF4 EVs had the higher protein concen-
tration (3.117 pg/uL) and particle number, therefore was removed from linear regression. The purity of

EV samples can be determined by the ratio of particle number to total protein. Webber et al. suggested

44



that samples isolated from biofluids by centrifugation and washing protocols having <2x10° parti-
cles/ug ratios were considered unpure [143]. In this study, all samples had ratios below 4.25x10° par-
ticles/pg. Although particle number may increase with total protein, higher levels of total protein may
indicate contamination. Despite that, as the authors stated, disease may alter the protein content of EVs,
and biofluids used for the study were only collected from healthy donors[143]. Therefore, although

interesting to investigate, caution is necessary when analysing purity ratios.

1.4x1013 =
1.2x1013 & I
1.8x102 |
1.6%1012m
g 141012 -
k4
1 12
£ 1251017 m
=3
]
E 11012 -
S
o
£
g 81011 =
=
=3
o
61011
41011 =
2101 =
()

AAR R P L AR NP
S F S ST
Figure 3.19 — Particle concentration of EVs samples from ascitic fluids and peritoneal washes.
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Figure 3.18 — Linear relationship between total protein (ng) and particle number in EVs from patient samples. AF4,

indicated in blue, was removed from the linear regression, y = 702657x, R? = 0.8738, as it was very different from all other
samples in particle number and total protein.
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3.3.3. Analysis of EV morphology by TEM
During step-by-step characterization we confirmed the isolation of EVs in AF11, AF7 and PWL1.

From subsequent Western blot and NTA experiments using all the other patient samples, different re-
sults were obtained in Western blot, particle concentration and protein concentration for AF4 EVs. As
AF9 EVs was among the top three of samples in lower protein concentration (0.116 pug/uL) and particle
concentration (2.12x10% particles/mL), this sample was analysed for comparison.

More particles were observed in AF4 EVs than in AF9 EVs, as expected from NTA results
(Figure 3.20). However, other structures without the characteristic cup-shape of EVs were also observed
in AF4 EVs. These may be protein aggregates and, in such case, may contribute to the elevated protein
concentration of this sample. Moreover, observed EV-like particles in AF4 EVs seemed to be smaller
than those of AF9 EVs. This goes against the observations from NTA (Figure 3.17), as AF9 EVs were
the most enriched sample in particles within the range of small EVs. The median size of particles was
136.5 nm in AF9 EVs and 244.1 nm in AF4 EVs. In fact, very small particles were observed in AF9
EVs by TEM, but they do not seem to have the morphology of EVs.

———— 500 nm

Figure 3.20 — Morphology and size of AF4 and AF9 EVs by TEM. AF4 (left), high in total protein and particle concentra-
tion, compared to AF9 (right), low in total protein and particle concentration. Samples were negatively stained and analysed
by TEM. Scale bars are indicated at the bottom of each image. White arrows indicate suspected protein aggregates. Black
arrows indicate small particles. Blue arrows indicate small lipoproteins.

In addition, small vesicles that may be lipoproteins were also observed, and based on size (up to
70 nm) possible are VLDLSs[152]. The fact that NTA results may be impacted by the co-isolation of
other particles without discriminating them and by particle agglomeration, reinforces the need of several
methods for a complete characterization of isolated EVs and recalls caution regarding size and concen-
tration determination by NTA. Lastly, samples were collected from different patients. This may suggest
that the variability observed in the analysed parameters, namely size, particle concentration, protein

concentration and CD63/TSG101 assessment, were correlated with some clinical parameter, such as
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diagnostic or disease stage. In fact, PW1 EVs TEM images (Figure 3.15) also revealed the isolation of
EV-like particles larger than those of AF4 EVs. However, further studies with larger cohorts and com-
plete patient characterization should be performed to determine the relevance of this hypothesis.
Altogether, results from Western blot, NTA and TEM suggested the recovery of EVs by the end
of the isolation procedure, but also variability among ascitic fluids that may be interesting to further
investigate. Ascitic fluids occur in late-stage disease and may provide information on the clinical state
of a patient. Further analysis of the EVs content would certainly help to uncover more differences ob-
served among samples of ascitic fluids, and possibly between the two groups analysed in this study,

ascitic fluids and peritoneal washes used as control.
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4.
CONCLUSION

The accumulation of ascitic fluids in the peritoneal cavity of ovarian cancer patients is associated
with poor prognosis[29]. These fluids constitute a tumour microenvironment essential for metastatic
cancer and are enriched in EVs[11]. Several studies have been conducted with EVs to better understand
their role in ovarian cancer and suggested their implication in tumour progression, as indicated by stud-
ies based on transcriptome and proteome cargos of EVs from ascitic fluids[33]-[35]. The role of EVs
in the metabolic crosstalk occurring within the tumour microenvironment is also being investigated[36].
However, the study of the metabolome cargoes of EVs from ascitic fluids remains to be explored.

The aim of this study was to characterize the metabolic signature of EVs isolated from ascitic
fluids of ovarian cancer patients. Bearing that in mind, methods for the characterization of EVs from
cell lines and isolation of EVs from ascitic fluids were implemented and validated, following the ISEV
recommendations for the evaluation of nature and purity of the EVs. Furthermore, analytical platforms
for the characterization of the metabolic signature of EVs from cell lines were implemented.

For the implementation of antibody-based Western blot, a commercial exosome lysate and plate-
lets were used as positive control for the detection of EV components (CD63, CD81 and TSG101) and
non-EV components (ApoA-I), respectively. We observed that CD63, TSG101 and CD81 could display
bands at different molecular weights, depending on the isolation method and source of EVs, and that
ApoA-I displayed a single band for ascitic fluids at protein amounts up to 20 pg.

The Western blot conditions were then further applied to EVs from ES-2 cell line, already char-
acterized by NTA and TEM. CD63, CD81 and TSG101 were detected, thus confirming the isolation of
EVs. Based on this, ES-2 EVs could then be used to implement metabolomics, using two chromatog-
raphy columns (C18 and amide columns) and two modes of sample ionization (positive and negative),
and lipidomics, using one column and both ionization modes, by LC-MS. The pathway analysis of ES-
2 EVs revealed the enrichment in metabolites mainly involved in the glutathione metabolism, ammonia
recycling and glycerol phosphate shuttle, when using the C18 column, and in the riboflavin metabolism,
fatty acid biosynthesis and beta oxidation of very long chain fatty acids, when using the amide column.
These pathways are associated with several tumoral processes, such as tumour growth, tumour migra-
tion and chemoresistance[36], [119], [121].

The enrichment of EVs in lipids and amino acids stimulated a change of approach from metabo-
lite to lipid characterization. A targeted characterization of amino acids was attempted but the EVs
concentrations required by the analytical platform used were unfeasible to conduct further experiments.

From lipidomic analysis, using a C18 column, lipids and amino acids associated with tumoral processes,
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such as tissue repair and redox imbalance[128], mainly involved in betaine metabolism, methylhistidine
metabolism and urea cycle, were detected. Future work either targeting amino acids or lipids would be
interesting to investigate using EVs isolated from ascitic fluids, as initially proposed in this study, as
well as the original patient sample as control for the evaluation of EV biomarker potential. Furthermore,
internal standards can be used for more accurate compound identification and quantification[157].

Regarding patient samples, including ascitic fluids and peritoneal washes (as control), a differ-
ential centrifugation-based method for the isolation of EVs was implemented and validated by the char-
acterization of isolated and discarded fractions collected throughout the procedure by Western blot,
TEM and NTA. The Western blot characterization suggested the recovery of CD63 and TSG101 en-
riched particles from samples AF11 and PW1 and the increasing purity of isolated fractions throughout
the isolation procedure, further confirmed by TEM. The recovery of particles within the size range of
small and large EVs and further detection of cup-shape particles, by NTA and TEM respectively, con-
firmed the isolation of EVs in AF11.

Lastly, EVs isolated from ascitic fluids and peritoneal washes were also characterized by Western
Blot, NTA and TEM. We confirmed the isolation of EVs and observed variability among samples of
ascitic fluids by all methods, as suggested by the enrichment of particles in different size ranges, con-
centration, and protein amount. Based on these methods, major differences between ascitic fluids and
the control group were not identified.

Although the isolation of EVs from ascitic fluids was confirmed, the characterization of the iso-
lation procedure also suggested particle agglomeration, confirmed by NTA and TEM, and co-isolation
of other non-EV components, namely ApoA-1 containing-lipoproteins, confirmed by Western blot and
TEM. The co-isolation of lipoproteins, namely chylomicrons, is common in differential centrifugation-
based methods due to their similar size to EVs. Bearing this in mind, we can explore immunoaffinity
or density gradient-based methods to increase yield and purity of isolates, further compatible with
metabolomics studies, in future experiments[149], [158].

In summary, we could isolate and characterize EVs, based on protein markers of EVs and co-
elution contaminants, size, and morphology of particles, from ascitic fluids by the implementation of
different methods. We also implemented methods for the study of EV metabolome/lipidome by LC-
MS using EVs from cell lines. These methods can further be used to explore the metabolite content of
EVs from patient samples and investigate their potential role as biomarkers or therapeutic target in

ovarian cancer.
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Figure S.1 - Uncropped scan of Human Exosome Lysate Positive Protein Control with anti-CD63, anti-TSG101
and anti-CD81. From left to right: CD63, TSG101 and CD81 membranes exposed to LED light for 13 s, 14 sand 1
min 45 s, respectively. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1), anti-TSG101 (#EXOAB-TSG101-1) and
anti-CD81 (#EXOAB-CD81A-1) (SBI) primary antibodies were used at 1:1,000 dilution. Goat anti-rabbit HRP sec-
ondary antibody (SBI, # EXOAB-KIT-1) was used at 1: 5,000 dilution. CD63 membrane was incubated with Cytiva
Amersham ECL Select Western Blotting Detection Reagent (GE Healthcare, 45-000-999), and the others with GE
Healthcare Amersham™ ECL Prime Western Blotting Detection Reagent (GE Healthcare, # 12316992). Detection
was performed in iBright FL1500 Imaging System (Invitrogen, #A44241), using Chemi Blots protocol.
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Figure S.2 — Uncropped scan of ascitic fluids and platelets at different total protein amounts (2, 5, 10 and 20 pug)
with anti-ApoA-1. Monoclonal rabbit anti-ApoA-I (Abcam, UK, #ab52945) primary antibody was used at 1:1,000
dilution. Goat anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1) was used at 1: 20,000 dilution. Membrane
was incubated with GE Healthcare Amersham™ ECL Prime Western Blotting Detection Reagent (GE Healthcare, #
12316992). Detection was performed in iBright FL1500 Imaging System (Invitrogen, #A44241), using Chemi Blots
protocol, for 1 min.
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Figure S.3 — Uncropped scan of Human Exosome Lysate Positive Protein Control prepared in different conditions of
denaturation with anti-CD63, anti-TSG101 and anti-CD81. From left to right: CD63, TSG101 and CD81 membranes
exposed to LED light for 10 s, 25 s and 25 s, respectively. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1), anti-TSG101
(#EXOAB-TSG101-1) and anti-CD81 (#EXOAB-CD81A-1) (SBI) primary antibodies were used at 1:1,000 dilution. Goat
anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1) was used at 1: 5,000 dilution. CD63 membrane was incubated
with Cytiva Amersham ECL Select Western Blotting Detection Reagent (GE Healthcare, 45-000-999), and the others with
GE Healthcare Amersham™ ECL Prime Western Blotting Detection Reagent (GE Healthcare, # 12316992). Detection was
performed in iBright FL1500 Imaging System (Invitrogen, #A44241), using Chemi Blots protocol.
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Figure S.4 — Uncropped scan of ES-2 EVs prepared in reducing and non-reducing conditions with anti-CD63 and anti-
CD81. From left to right: CD63 (reducing conditions), CD63 (non-reducing conditions), CD81 (reducing conditions) and
CD81 (non-reducing conditions) membranes exposed to LED light for 58 s (CD63) and 27 s (CD81). R — reducing conditions.
NR — non-reducing conditions. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1) and anti-CD81 (#EXOAB-CD81A-1)
(SBI) primary antibodies were used at 1:1,000 dilution. Goat anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1)
was used at 1: 20,000 dilution. CD63 membrane was incubated with Cytiva Amersham ECL Select Western Blotting Detection
Reagent (GE Healthcare, 45-000-999), and CD81 membrane with GE Healthcare Amersham™ ECL Prime Western Blotting
Detection Reagent (GE Healthcare, # 12316992). Detection was performed in iBright FL1500 Imaging System (Invitrogen,

#A44241), using Chemi Blots protocol.
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Figure S.5— Uncropped scan of MDA cells with anti-CD63 and anti-CD81. From left to right: CD63 and CD81 membranes
exposed to LED light for 7 s and 49 s, respectively. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1) and anti-CD81
(#EXOAB-CD81A-1) (SBI) primary antibodies were used at 1:1,000 dilution. Goat anti-rabbit HRP secondary antibody (SBI,
# EXOAB-KIT-1) was used at 1: 20,000 dilution. CD63 membrane was incubated with Cytiva Amersham ECL Select Western
Blotting Detection Reagent (GE Healthcare, 45-000-999), and CD81 membrane with GE Healthcare Amersham™ ECL Prime
Western Blotting Detection Reagent (GE Healthcare, # 12316992). Detection was performed in iBright FL1500 Imaging
System (Invitrogen, #A44241), using Chemi Blots protocol.
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Figure S.6 — Uncropped scan of ES-2 EVs prepared in different secondary antibody dilutions with anti-TSG101. From
left to right: TSG101 (1:5,000 dilution) and TSG101 (1:20,000 dilution) membranes exposed to LED light for 13 s. Each lane
was loaded with 14.69 ug of protein. Polyclonal rabbit anti-TSG101 (SBI, #EXOAB-TSG101-1) primary antibody was used
at 1:1,000 dilution. Goat anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1) was used at 1:5,000 and 1: 20,000
dilution. Membrane was incubated with GE Healthcare Amersham™ ECL Prime Western Blotting Detection Reagent (GE

Healthcare, # 12316992). Detection was performed in iBright FL1500 Imaging System (Invitrogen, #A44241), using Chemi
Blots protocol.
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Figure S.7 — Uncropped scan of ES-2 cells and EVs with anti-CD63, anti-TSG101 and anti-CD81. From left to right:
CD63 (ES-2 cells), CD63 (EVs from ES-2 cells), TSG101 (ES-2 cells), TSG101 (EVs from ES-2 cells), CD81 (ES-2 cells)
and CD81 (EVs from ES-2 cells) membranes exposed to LED light for 1 min (CD63), 2 min (TSG101) and 49 s (CD81).
Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1), anti-TSG101 (#EXOAB-TSG101-1) and anti-CD81 (#EXOAB-CD81A-
1) (SBI) primary antibodies were used at 1:1,000 dilution. Goat anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1)
was used at 1: 20,000 dilution. All membranes were incubated with Cytiva Amersham ECL Select Western Blotting Detection
Reagent (GE Healthcare, 45-000-999). Detection was performed in iBright FL1500 Imaging System (Invitrogen, #A44241),

using Chemi Blots protocol.
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Figure S.8 — NTA and TEM analysis of ES-2 EVs. Top panel
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— Particle size distribution by NTA (left) and morphology by

TEM (right) of ES-2 EVs isolated from cell culture replicate | at 9.6x10%° particles/mL. Bottom panel — Particle size distri-
bution by NTA (left) and morphology by TEM (right) of ES-2 EVs isolated from cell culture replicate Il at 4.5x10%,
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Figure S.9 — Retention time deviation vs. retention time of extracted metabolites from ES-2 EVs using all condition
QCs. Data obtained by LC-MS using C18 column and positive ionization mode was processed with XCMS package.

¥ &

AF11 & o AF11 AF7 PW1

- s ] ™

T b e e — — "E—— ol T p— - g o
2 z ~
58 - : >

‘ﬁ ’. - | o — ‘

- -

 ———

£y 1]
— - - v
W S G S— S— e »
— < — L T ———
8 —— - o T —— - N — —
O - - - o . —, - -~ - .-
(2] —— SO
- -——-—.— - .-- - -
- . - . .
"2 -
-y e - -
=
z - BN —
2 [ ' -
< - [ -
- ) .
P e — e @ " — -
- - -

* TCA precipitation

Figure S.10 — Uncropped scan of CD63, TSG101 and ApoA-I in isolation fractions of ascitic fluids and peritoneal washes
for step-by-step characterization. From left to right: CD63 membranes were exposed to LED light for 1 min 19 s (AF11
EV-fractions), 1 min (AF11 discarded), 20 min (AF7) and 3 min 20 s (PW1); TSG101 for 6 min 40 s (AF11 EV-fractions), 6
min 37 s (AF11 discarded), 11 min 21 s (AF7) and 11 min 30 s (PW1); and ApoA-I for 14 s (AF11 Isolated), 14 s (AF11
discarded) and 3 min 19 s (PW1). In a black box (AF11) are marked RP4 and FP4 fractions, respectively, prepared using TCA
for protein precipitation. Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1), anti-TSG101 (#EXOAB-TSG101-1) (SBI) and
monoclonal rabbit anti-ApoA-I (Abcam, UK, #ab52945) primary antibodies were used at 1:1,000 dilution. In AF11 mem-
branes, anti-CD63 and anti-ApoA-1 antibodies were incubated simultaneously. Goat anti-rabbit HRP secondary antibody (SBI,
# EXOAB-KIT-1) was used at 1: 20,000 dilution. All CD63 membranes were incubated with Cytiva Amersham ECL Select
Western Blotting Detection Reagent (GE Healthcare, 45-000-999). The others were incubated with GE Healthcare Amer-
sham™ ECL Prime Western Blotting Detection Reagent (GE Healthcare, # 12316992). Detection was performed in iBright
FL1500 Imaging System (Invitrogen, #A44241), using Chemi Blots protocol.

63



108 108 10%0

ES-2EVs |

4500 nm

ES-2 EVs I

2
4 500 nm

Figure S.11 — Precipitate after metabolite extraction of ES-2 EVs. Representative images of precipitate after metabolite
extraction from EVs of ES-2 cell culture replicates I and Il at concentration of 10° (left), 108 (middle), and 10%° (right) parti-
cles/mL.
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Ascitic fluids

TSG101 CD63

ApoA-I

Figure S.12 — Uncropped scan of CD63, TSG101 and ApoA-I in ascitic fluids or peritoneal washes and corresponding
EVs. From left to right: CD63 membranes were exposed to LED light for 1 min 40 s (ascitic fluids), 1 min 40 s (EVs from
ascitic fluids), 9 min 26 s (peritoneal washes) and 9 min 26 s (EVs from peritoneal washes); TSG101 membranes for 7 s
(ascitic fluids), 13 s (EVs from ascitic fluids), 40 s (peritoneal washes) and 40 s (EVs from peritoneal washes); and ApoA-I
membranes for 7 s (ascitic fluids), 7 s (EVs from ascitic fluids), 34 s (peritoneal washes) and 34 s (EVs from peritoneal
washes). Polyclonal rabbit anti-CD63 (#EXOAB-CD63A-1), anti-TSG101 (#EXOAB-TSG101-1) (SBI) and monoclonal rab-
bit anti-ApoA-I (Abcam, UK, #ab52945) primary antibodies were used at 1:1,000 dilution. In EV membranes, anti-CD63 and
anti-ApoA-I antibodies were incubated simultaneously. Goat anti-rabbit HRP secondary antibody (SBI, # EXOAB-KIT-1)
was used at 1: 20,000 dilution. All membranes were incubated with Cytiva Amersham ECL Select Western Blotting Detection
Reagent (GE Healthcare, 45-000-999). Detection was performed in iBright FL1500 Imaging System (Invitrogen, #A44241),
using Chemi Blots protocol.
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Figure S.13 — Size median and total protein of EV fractions from ascitic fluids and peritoneal washes.
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B. TABLES OF METABOLITES

Table S.1 — ES-2 EVs metabolite identifications using Compound Discoverer software for C18 column and positive mode of ionization. Annot. Source — annotation source; Calc. MW —
calculated molecular weight; RSD - relative standard deviation.

S

Name
(2E)-2,5-Dichloro-4-oxo-2-hexenedioic acid
11-Aminoundecanoic acid

Phosphoric acid

Pivagabine

Mutagen X
Estra-1,3,5(10)-triene-3,6alpha, 1 7beta-triol triacetate
PEG-4

Isopropyl catechol
2,2,6,6-Tetramethyl-4-piperidinol
3-Tropanol

11|PEG n5

12 |Minoxidil

13 |butoctamide

14 |capuride

15|PEG n6

16|Betaine

17| Cyclopenta[cd]pyrene

18 |benzarone

19| Triethanolamine

20 |2-Hexenoylcarnitine

2112064747

22 [Urocanic acid
23|1,2,3,4,6,7,8-Heptachlorodibenzofuran

OV~ |wW (|-

—
o
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Name

24

MFCD00216258

25

N-Acetyl-L-leucine

26

butoctamide

21

3-[(6-Oxodecanoyl)oxy]-4-(trimethylammonio)butanoate

28|1,2,3,4,6,7,8-Heptachlorooxanthrene

29 | Adipic acid

30 |Methylenediurea

31|D-(+)-Pyroglutamic Acid

32|Caprolactam

3314230434

34|0-{Hydroxy[(2R)-2-[(11Z)-11-octadecenoyloxy]-3-(pentadecanoyloxy)propoxy]phosphoryl}-L-serine

35 |N-docosanoylsphinganine

36 |Succinylacetone

37|L-(+)-Leucine

38 |Sumarotene

39|Leucine

40| TCA-ethadyl

41 |Hydroxyamphetamine

42 |4-Ethylphenol

43 |4-Ethylphenol

44 |Indane

45|asn-arg

46 |Succinylacetone

47 |Imagabalin

D| Fomula | AmotSource PredicedCompos- | AmnotSouremzCloud | AmnotSource ChemSpider | AmotDefMless | Cde | RT | Ama | #ChemSpiderRe- | #mzCloudRe | #Usble | RSDQCAress | RSDCor. QCAress M2
fiors Seerch Search [pom] MW_| [min] | (Vix) aits aits Qc " "

1| C6HACRGS Noresults Noresuts Fullmaich 119 2593 | 0878 | 61EHB 1 0 n 3 3 NoMS2

2| CULHBNO? Noresults Noresuts Fullmaich 064 L1728| 176 | A4EHRB 1 0 u 6 5 DDA for preferredlion

3| HO4P Noresits Noresuits Full metch 07 9797682 | 0966 | 34EHRB 1 0 n 7 7 DDA forpreferedion

4| C9HITNG3 Noresuits Noresuits Full metch Q17 1871208 | 6875 | 31E+08 4 0 n 5 5 DDA forpreferedion

5| C5H3CIBG3 Noresits Noresuits Full metch 287 259154 | 0908 | 2E+HRB 1 0 n 2 2 DDA forprefaredion

6| CAHN06 Noresuts Noresuits Fullmaich Q061 414204 | 11438 | 222E+8 7 0 2 il il DDAforatherion

7| C8HIBO5 Noresuts Noresuits Full metch 03 U154 | 5307 | 158EHRB 1 0 n 6 6 DDA for prefenredlion

8] QHR® Noresuits Noresuits Full metch 086 15208% | 6873 | 14TE+HRB Y 0 n 6 6 DDA forpreferedion

9| C9HIINO Noresits Fullmetch Noresuits 08 1571466 | 1646 | LUEHRB 0 2 n 5 4 DDA forpreferedion

10] CBHI5NO Noresits Noresuits Full metch 011 111154 | 6875 | 51656513 1 0 n 6 5 DDA forpreferedion

1| CIOH206 Noresuts Fullmetch Noresuits -14 281413 | 5766 | 5062307 0 1 n 6 6 DDA for prefenredlion
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D] Formua | Amot Source Precictd Composi- | Aot SourceimzCloud | Aot Source: ChemiSpickr | AmotDeftaMass | Cde. | RT | Amea | #ChemSpiderRe- | #mzClowdRe- | #Usdble | RSDQCAvess | RSDCor. QCAress M2
fiors Seach Search [pom] MW_| [min] | (Vex) s s « [ [
12| C9HIENSO Norests Norests Full metch 2% 201271 | 0968 | 42219379 2 0 un 4 4 DDA for prefaredion
13| CI6GHONOS Norests Norests Full metch 047 3152044 | 638 | 42179843 1 0 un 5 5 DDA for prefaredion
14| COHIBN202 Noresults Noresuts Fullmeich 0% 186139 | 602 | 40075361 2 0 un 5 5 DDA for preferedion
15| C2H%07 Noresults Full maich Fullmetch 081 2821676 | 6015 | 34830774 1 1 un 4 4 DDAfor preferedion
16| CSHIINO2 Noresuts Full maich Partial metch 1% 1170788 | 0973 | 32830306 2 3 un 2 A DDAfor preferedion
17]  CI8HI0 Norests Norests Full metch 234 260788 | 133 | 2988146 2 0 un 18 3 NoMS2
18] CI7TH403 Norests Norests Full metch 001 260943 | 6873 | 26188150 4 0 un 7 7 DDAforatherion
19] GGHISNG3 Noresuts Noresuts Fullmeich 007 1401052 | 0%4 | 23412806 1 0 un 5 5 NoMS2
2| CI3HBNO4 Noresults Noresults Fullmetch 083 2571625 | 5787 | 23404330 1 0 un 5 5 DDA forprefeedion
2| Clocio Noress Norests Full metch 152 460689 | 0935 | 19098712 1 0 n 3 3 NoMS2
2| C6HEN202 Noress Full metch Partiel metch 015 138043 | 13% | 18030165 8 6 n 8 8 DDA for prefaredion
8| Cl2HA70 Norests Norests Full metch 252 4057867 091 | 17729922 2 0 n 6 6 NoMS2
24|  CI3HI0S Noresults Noresults Fullmetch 05 1980504 | 5968 | 15701776 1 0 un 5 5 DDA forpreferedion
2| CBHI5NG3 Noresults Noresults Fullmetch 014 1731062 | 6241 | 15666362 8 0 un 5 5 NoMS2
%| CI6GHONOS Noress Norests Full metch 0% 3152044 | 6098 | 13071752 1 0 n 24 3 DDA for prefaredion
27| CITH3ING5 Norests Norests Full metch o 302 | 683 | 12830384 1 0 n 5 5 DDA for prefaredion
8| CR2HCITO2 Norests Norests Full metch 208 4207806 | 0908 | 12823027 1 0 n 19 19 NoMS2
2| G6HI004 Noresults Noresults Fullmetch 038 14606570 | 7648 | 124THAL7 A 0 un 5 5 DDA forprefeedion
| CBHINAC2 Noresults Noresults Fullmetch 078 1320646 | 1078 | 108551 1 0 un un 9 NoMS2
31| CSHING3 Noresufts Full meich Fullmeich 016 1200426 | 1681 | 10464710 10 2 un 7 7 DDA for preferredion
2| GGHIINO Noresuts Full meich Fullmeich 043 113084 | 5988 | 10125600 4 1 un 13 3 DDA for prefeedion
3| C6HI2N20 Noresuts Noresufts Fullmeich 0% 128049 | 09%2 2 0 n 7 7 DDA for prefeedion
34| COH7ANOI0P, Noresults Noresuts Fullmetch 1 7415043 | 0934 | 833364 4 0 un 2 2 NoMS2
3| CAOHBLNG3 Noresults Noresuts Fullmetch 184 623628 | 0921 | TA64TL 1 0 un 9 7 NoMS2
3| CTHIOA Noresuts Noresufts Fullmeich 03 158059 | 7919 | 7480530 7 0 un 9 6 NoMS2
37| C6HI3ING2 Noresuts Noresufts Fullmeich 088 1310047 | 2254 | 6506428 18 0 un 9 9 DDA forpreferedion
3| CAH002S Noresuts Noresufts Fullmeich 066 3821964 | 1359 | 601838 1 0 iV 2 10 NoMS2
3| GGHI3NG2 Noresults Noresuts Fullmetch 088 1310047 | 24% | 5092478 18 0 un 10 10 DDA for preferedion
40 CoHACIEO4 Noresults Noresults Fullmetch 009 3498241 | 0906 | 5763149 1 0 un 5 5 NoMS2
41) C9HI3NO Noresuts Noresufts Fullmeich 03 1510097 | 6873 | 5080263 7 0 un 7 7 NoMS2
4| C8H1000 Noresuts Noresuts Fullmeich 07 1220733 | 1338 | 4920633 16 0 n 9 9 DDA for preferedion
43| C8H100 Noresults Noresults Fullmetch -109 12073 | 1339 | 490533 16 0 un 9 9 DDA for prefeedion
4|  CoHI0 Noresults Noresults Fullmetch 04 180782 | 7647 | 4746105 2 0 un 8 8 NoMS2
4| CI0HONGO4 Noresults Noresults Fullmeich 00 288156 | 6762 | 427422 2 0 un 6 6 NoMS2
46| CTHIOOA Noresuts Noresuts Fullmeich 031 15805/ | 598 | 3pM&2 7 0 n 8 8 DDA for preferedion
41| COHIOINQ? Noresuts Noresuts Fullmeich 0% 1731415| 5513 | 2830237 1 0 un 6 6 NoMS2

69




Table S.2 — ES-2 EVs metabolite identifications using Compound Discoverer software for C18 column and negative mode of ionization. Annot. Source — annotation source; Calc. MW —
calculated molecular weight; RSD - relative standard deviation.

S

Name

Phosphoric acid

12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol

Pivagabine

12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol

DL-Lactic Acid

ETHYLENEBISDITHIOCARBAMIC ACID

N-Nonanoylglycine

Ceramide (d18:1/24:1(152))

1872050

(3alpha,5alpha,17beta)-17-Hydroxyandrostan-3-yl beta-D-glucopyranuronate
114-Oxoproline

12 |(14R)-3heta,5,6heta, 10,16-pentahydroxygrayanotoxan-14-yl acetate
13|N-Acetyl-DL-alloisoleucine

14|Capryloylglycine

15(1-(3,4-Dimethoxyphenyl)-3 5-decanediyl diacetate

16/Succinic acid
17|(2R)-3-{[(2-Aminoethoxy)(hydroxy)phosphorylJoxy}-2-[(1Z,11Z)-1,11-octadecadien-1-yloxy]propyl (6Z,9Z,12Z,15Z)-6,9,12,15-0ctadecatetraenoate
18 |Botrydial

19|Benzoic acid

20 {Julifloring

21 |Tedatioxetine

oINS |w |-

©

=
o

ol Formula Annot. Source_: .Predicted Annot. Source: Annot: Source: | Annot. DeltaMass| Calc. R_T Area | #ChemSpi- | #mzCloud | # Usa- |[RSD QC Ar-| RSD Corr. QC MS2
Compositions mzCloud Search ChemSpider Search [ppm] MW | [min]| (Max.) | derResults | Results |bleQC | eas[%] Areas [%]

1 H304P No results No results Full match -1.66 97.97673| 0.959 |8.08E+08 1 0 11 7 6 DDA for preferred ion
2| C15H22 06 No results No results Full match -1.29 298.1413 7.636 |4.33E+08 4 0 12 6 6 DDA for preferred ion
3| COHI7NO3 No results No results Full match -1.18 187.1206| 6.86 |2.13E+08 4 0 12 6 5 DDA for preferred ion
4| C15H22 06 No results No results Full match -1.22 298.1413| 7.764 | 79501315 4 0 12 8 7 DDA for preferred ion
5] C3H603 No results No results Full match -1.22 90.03158| 1.38 43718638 11 0 12 18 15 No MS2

6| C4H8N2S4 No results No results Full match -1.95 211.9566| 0.786 |35689758 1 0 11 16 13 No MS2

7| C11H21N O3 No results No results Full match -0.55 215.152 | 8.075 |28053927 2 0 12 5 5 DDA for preferred ion
8| C42 H81 N 03 No results No results Full match 2.4 647.6232| 0.956 |19623877 1 0 1 14 12 No MS2

9| C12H23N 03 No results No results Full match -1.46 229.1675] 8.651 | 17669269 1 0 12 4 3 DDA for preferred ion
10] C25H4008 No results No results Full match -1.48 468.2716|11.082)15224063 3 0 12 9 6 DDA for preferred ion
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ol Formula Annot. Source_: _Predicted Annot. Source: Annot: Source:  |Annot. DeltaMass| Calc. R_T Area | #ChemSpi- | #mzCloud | # Usa- |[RSD QC Ar-| RSD Corr. QC MS2
Compositions mzCloud Search ChemSpider Search [ppm] MW | [min]| (Max.) | derResults | Results |bleQC | eas[%] Areas [%]

11| C5H7NO3 No results Full match Full match -0.71 129.0425] 1.666 | 15024855 10 1 12 21 17 DDA for preferred ion
12| C22H36 07 No results No results Full match -1.43 412.2455| 9.832 12054002 1 0 12 8 7 DDA for preferred ion
13| C8HISNO3 No results No results Full match -0.52 173.1051] 6.231 [11714413 8 0 11 6 5 DDA for preferred ion
14| CI0HI19N O3 No results Full match Full match -0.64 201.1364| 7.481 | 11282555 4 1 12 7 6 DDA for preferred ion
15| C22 H34 06 No results No results Full match -1.21 394.2351|11.027/10007600 2 0 12 23 21 DDA for preferred ion
16| C4H604 No results No results Full match -1.03 118.0265] 2.098 | 6771029 8 0 11 4 4 DDA for preferred ion
17|C4LH7T2N O7P No results No results Full match 0.78 721.5052| 0.926 | 6306022 6 0 11 15 15 No MS2

18| C17H26 05 No results No results Full match -0.79 310.1778|11.214| 5357492 3 0 12 13 12 No MS2

19| C7H602 No results No results Full match -0.87 122.0367| 6.546 | 4949323 6 0 11 21 17 No MS2

20| C40 H75 N3 02 No results No results Full match -1.58 629.5849| 0.914 | 4360218 1 0 11 16 14 No MS2

21| CI8H2INS No results No results Full match -0.94 283.1392| 8.073 | 3701532 1 0 12 5 4 DDA for preferred ion

Table S.3 — ES-2 EVs metabolite identifications using Compound Discoverer software for amide column and positive mode of ionization. Annot. Source — annotation source; Calc. MW —
calculated molecular weight; RSD - relative standard deviation.

S

Name

Bis(4-ethylbenzylidene)sorbitol
Bis(4-ethylbenzylidene)sorbitol
12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol
Buclizine
12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol
Oleamide

11-Aminoundecanoic acid
Bis(2-ethylhexyl)adipate
2,4-Dimethylbenzaldehyde
o-L-Fucopyranose
2,4-Dimethylbenzaldehyde

PEG-4

o-L-Fucopyranose

Pivagabine
12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol
6,9-Dihydroxy-3,6,9-trimethyl-3,3a,4,5,6,8,9,9b-octahydroazuleno[4,5-b]furan-2,7-dione
PEG-4

Piperidione

19 |Linoleamide
20|2-[(5E,8E)-5,8-Tetradecadien-1-yl]cyclobutanone
21|2,4-Dimethylbenzaldehyde

22 |Hexadecanamide
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Name

23

(2S,3R)-3-Hydroxy-2-[(15Z)-15-tetracosenoylamino]octadecyl 5-acetamido-3,5-dideoxy-6-[(1R,2R)-1,2,3-trihydroxypropyl]-beta-L-threo-hex-2-ulopyranonasyl-(2->3)-[beta-D-galactopyranosyl-(1->3)-2-deoxy-2-(2-oxopropyl)-beta-D-
galactopyranosyl-(1->4)]-beta-D-galactopyranosyl-(1->4)-beta-D-glucopyranoside

24

11-Aminoundecanoic acid

25

Phosphoric acid

26

Militarinone A

21

1-Hexadecanoylpyrrolidine

28

(2S,3R)-3-Hydroxy-2-(icosanoylamino)octadecyl 5-acetamido-6-[(1S,2R)-2-({5-acetamido-6-[(1S,2R)-2-({5-acetamido-3,5-dideoxy-6-[ (1R 2R)-1,2,3-trihydroxypropyl]-beta-L-threo-hex-2-ulopyranonosyl }oxy)-1,
3-dihydroxypropyl]-3,5-dideoxy-beta-L-threo-hex-2-ulopyranonosyl yoxy)-1,3-dihydroxypropyl]-3,5-dideoxy-beta-L-threo-hex-2-ulopyranonosyl-(2->3)-heta-D-galactopyranosyl-(1->4)-beta-D-glucopyranoside

29

butoctamide

30

Amide C18

31

Phenethylamine

32

6-Hydroxy-2-oxohexanoic acid

33

Phosphoribosyl pyrophosphate

34

2-(Diethylamino)ethanol

35

MFCD00002180

36

2-{2-[(2E)-3,6-Dimethyl-2-hepten-1-yl]-3,4-dihydroxyphenyl}-7-hydroxy-2,3-dihydro-4H-chromen-4-one

37

MDMA

38

Tributyl phosphate

39

3-Tropanol

40

5-Ethyl-4-hydroxy-3(2H)-furanone

41

KJ9800000

2

MFCD00058970

43

(+)-D-Isosorbide

44

N-Nonanoylglycine

45

N,N-Bis(2-hydroxyethyl)dodecanamide

46

2-Hexenoylcarnitine

4

2128

48

N-methylethanolamine phosphate

49

5,6-Dimethylbenzimidazole

50

1872050

51

Aceclidine

52

Elaeokanine C

53

Spiroxamine

54

1872050

95

Hexylresorcinol

56

N-Undecanoylglycine

57

AC 45594

58

Octylamine

59

Elaeokanine C

60

Elaeokanine C
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ID

Name

61

Cyprodenate

62

Cinnamaldehyde

63

capuride

64

Pivagabine

65

Cyprodenate

66

3-Formyl-6,6,7b-trimethyl-2,4,4a,5,6,7,7a, 7b-octahydro-1H-cyclobuta[e]inden-2-yl 3-chloro-6-hydroxy-4-methoxy-2-methylbenzoate

67

p-Xylene

68

Spinosyn D

69

1872050

70

11-Nitro-1-undecene

71

Capryloylglycine

72

2-(Diethylamino)ethanol

73

11-Nitro-1-undecene

74

N-Undecanoylglycine

75

2376

76

cyclandelate

7

11343172

78

Otonecine

79

apronalide

80

Triethanolamine

81

2.4-Diaminotoluene

82

Hydroquinone

83

2-morpholinoacetic acid

84

Skatole

85

Atagabalin

86

2638

87

Athamantin

88

3-Tropanol

89

Butyryl-L-homoserine lactone

90

Capryloylglycine

91

Furaneol

92

methyprylon

93

MFCD00674434

9%

3,7,15-Trihydroxy-12,13-epoxytrichothec-9-en-8-one

95

Schradan

96

N-Undecanoylglycine

97

butoctamide

98

11-Aminoundecanoic acid

99

2S-Amino-tridecanoic acid
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ID

Name

10

(+/-)-Tropinone

10

1-(3,4-Dimethoxyphenyl)-3,5-decanediyl diacetate

10

8,8a-Deoxyoleandolide

bl Fomia Aot Source: Preciicted Composi- | AmotSouroemzClowd | Aot Source: ChemSpider | AmotDeftaMess | Cde. | RT | Awea | #ChemSpiderRe- | #mzCloudRe- | #Usddle | RSDQCAreas | RSDCorr. QCAress N2

fiors Seach Seach [pom] MW _| [min] | (Max) s s &« [ [
1] CAHN06 Full metch Full metch Patiel metch 02 414204 1174 | 106E+10 7 1 V) 7 7 DDA for prefaredion
2| CAHN06 Full metch Full metch Patiel metch 4 442062 1171 | 6EH9 7 1 V) 5 4 DDA for prefaredion
3| Cl5H206 Noresults Noresuts Full maich 083 281414 | 1785 | 1206409 4 0 V) 5 5 DDA forpreferedion
4 H3CN2 Noresults Noresuts Full maich 149 422330 | 1173 | 1126409 1 0 V) 5 4 NoMS2
5| Cl5H206 Noresults Noresuts Full maich 086 281414 | 1707 | 956408 4 0 2 Y %4 DDA for preferedion
6 | CIBH®BNO Norests Full metch Patiel metch 098 BL2716| 1126 | TPEHB 3 2 V) 5 5 DDA for prefaredion
7| CIIHZBNG2 Noress Norests Full metch 024 L1728 | 462 | 646EHB 1 0 V) 2 18 DDA for prefaredion
8| C2HRO4 Noresults Full maich Full maich 074 310308 | 1068 | 3%6E+8 3 1 V) 3 2 DDA for preferedion
9| C9H100 Noresults Full maich Partial meich 04 1340731 | 1784 | 343E+08 18 1 V) 9 9 DDA forpreferedion
10| GoH1205 Noresults Noresuts Full maich 00 1640685 | 1785 | 27848 Z 0 2 5 5 DDA forpreferedion
11| C9HI00 Noress Full metch Full metch 015 1340731 | 1714 | 258EH8 18 2 V) | A DDA for prefaredion
12| CBHIBGS Noresuts Noresuts Full meich 018 141155 | 1413 | 244EH8 1 0 2 2 16 DDAforatherion
13| GoH12C5 Noresults Noresuts Full maich 016 1640685 | 1708 | 2256408 Z 0 12 .| 18 DDA for preferedion
14| COHITNG3 Noresults Noresuts Full maich 04 1871208| 1832 | 207E+8 4 0 12 10 9 DDA for preferedion
15| CI5H206 Noresults Noresuts Full maich 006 2B1416| 117 | 206E+08 4 0 V) 4 4 DDAforatherion
16| CI5H005 Noresuts Noresufts Full meich Q0 201311| 1171 | 201EH8 14 0 V) 3 3 DDA for preferedion
17] CBHIBGS Noresuts Noresufts Full meich 008 141154 | 1723 | 15/EHB 1 0 2 13 8 DDAforatherion
18| COHISNO2 Noresults Noresuts Full maich 053 1000102| 182 | 153E+8 3 0 12 24 %4 DDA for prefeedion
19| CIBH3NO Noresults Noresuts Full maich 068 2192% | 113 | 14%E+8 1 0 12 18 14 DDA for prefeedion
20| CI8HN0 Noresuts Noresults Full meich 071 262225 | 1183 | 1456H8 3 0 V) 18 14 DDAforatherion
21| C9H100 Noresuts Full meich Partial meich 067 1340731 | 1172 | 123EH8 18 1 V) 10 10 DDA for preferedion
2| CI6HBNO Noresuts Full meich Full meich 1% 262559 | 1138 | %Hres23 1 1 V) 4 4 DDA for preferredion
23 | CROH144N2 031 Noresults Noresults Full maich 218 1628972 | 6549 | 92664022 1 0 12 | YA NoMS2
2| CIIHZBNO2 Noresults Noresults Full maich 024 L1728 | 3%2 | 86026563 1 0 12 19 7 DDA for prefeedion
5|  H3OMP Noresuts Noresuts Full maich 06 9797683 | 749 | 8136699 1 0 12 a 24 DDA for preferedion
6| CBH3TNO6 Noresuts Noresuts Full maich 0% 4592623 | 1178 | 80330441 2 0 12 2 A DDA for preferedion
21| COHINO Noresuts Noresuts Full maich 098 30309 | 1118 | 77015837 1 0 12 7 6 DDA for preferedion
28 | CB3HI4B8NAO37 Noresults Noresults Full maich 198 1792979 | 6566 | 73013053 1 0 12 12 2 NoMS2
2| CIGHONOS Noresults Noresults Full maich 083 352083 | 1385 | 723610 1 0 12 18 7 DDA for prefeedion
30| CIBHIINO Noresuts Noresuts Full meich 18 283287 | 1122 | 68406927 1 0 12 4 4 NoMS2
3] C8HIN Noresuts Noresuts Full meich 089 121080 | 1606 | 67409121 10 0 12 10 10 NoMS2
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Aot Source: Preddicted Composi-

Aot Source: mzCloud

Aot DetaViass

#meCloudRe-

D

RSDQC A

RSDCor.QCAves

bl Fomia Aot Source: ChemSpicer _ #ChemSpicer Re- Usahl N2

fiors Seach Seach [pom] MW _| [min] | (Maq) s s &« [ [
2| C6HIOA Norests Norests Full metch 03 1460679 | 1784 | 62704%% Y| 0 V) 4 4 DDA for prefaredion
33| C5H13014P3 Norests Norests Full metch -151 30%12| 652 | 5839929 3 0 2 Z 3 NoMS2
34| GsHISNO Noresults Noresuts Full maich -106 171152 | 4652 | 55301368 1 0 V) 10 10 NoMS2
35 | COHDI12N205 Noresults Noresuts Full maich 009 6219462 | 6655 | 52440433 1 0 V) Vi 16 NoMS2
3| CAHBO5 Noresuts Noresuts Full maich 006 3061937 | 1182 | 4913173 4 0 12 18 8 DDA for preferedion
37| CI1HI5NQ2 Norests Norests Full metch 00 1931103 | 603 | 48768080 3 0 2 7 5 NoMS2
3| CRRH7O4P Norests Norests Full metch 18 261644 | 111 | 48473584 1 0 iV 10 9 NoMS2
3| C8HI5NO Noresuts Noresuts Full maich 023 411154 | 1833 | 46786105 u 0 2 7 6 DDA for preferedion
40| G6H8a3 Noresults Noresuts Full maich 0% 1280473| 1784 | 41216393 14 0 V) 4 3 DDA for preferedion
41| CIBHO7P Noress Norests Full metch 048 38243 | 1104 | 4002834 1 0 V) 14 2 NoMS2
2| GGHIOP Noress Norests Full metch 008 1740082 | 1077 | 37534172 1 0 V) 4 3 NoMS2
8| C6HIA Norests Norests Full metch 04 1460578 | 1709 | 3740 YA 0 V) 13 10 DDA for prefaredion
4] CIIHANG3 Noresults Noresuts Full maich 014 2151521 | 1676 | 3A2143% 2 0 V) 7 6 DDA forpreferedion
4| CI6HBNC3 Noresults Noresults Full maich 13 2812457 | 1619 | 3379248 1 0 V) 3 18 NoMS2
46| CI3HBNOA Noress Norests Full metch 1% 511624 | 568 | 285040 1 0 V) 7 7 DDA for prefaredion
41| CoHRO? Norests Norests Full metch 041 1520837 | 1134 | 2864819 14 0 V) 7 6 NoMS2
48| C3HIONO4P Norests Norests Full metch 0% 1560348 | 6316 | 27447181 3 0 V) 14 14 DDA for prefaredion
49| C9HION? Noresults Noresuts Full maich {18 1460844 | 1606 | 26628067 6 0 V) 19 18 DDA forprefeedion
0| CI2HZBNG3 Noresults Noresuts Full maich 059 201677 | 1215 | 25639787 1 0 V) 16 14 DDAforatherion
51| COHISNG2 Noresufts Noresults Full meich 031 1601102 | 122 | 25630606 3 0 V) 7 6 NoMS2
52| CI2HZANQ? Noresuts Noresults Full meich 05 211571 | 167 | 2512496 1 0 V) un 7 DDA for preferedion
53| CIBHBNO2 Noresuts Noresuts Full meich 09 27266 | 1147 | 200021 5 0 2 19 19 NoMS2
5| CI2HZBNG3 Noresults Noresuts Full maich 06 201676 | 1132 | 20401641 1 0 12 7 7 NoMS2
%| CI2HI802 Noresults Noresuts Full maich 023 141306 1133 | 17910108 2 0 12 9 9 NoMS2
%| CI3HBNO3 Noresuts Noresults Full meich Q7 231833 | 1656 | 17348861 1 0 V) 16 3 DDAforatherion
57| CI3H0Q2 Noresuts Noresufts Full meich 05 281462 | 1116 | 16809498 55 0 V) 9 7 NoMS2
5| C8HIN Noresuts Noresuts Full meich 0% 1201518 | 1246 | 16360021 2 0 2 2 3 NoMS2
59| CI2HANG2 Noresults Noresuts Full maich 048 2111571 | 1214 | 16126393 1 0 12 7 7 DDA for preferedion
60| CI2HANG2 Noresults Noresults Full maich 09 211152 | 1131 | 15134774 1 0 V) un 10 NoMS2
61| CI3HBNO2 Noresuts Noresults Full meich 04 271834 | 1126 | 14684973 1 0 V) 10 8 NoMS2
62] C9HBO Noresuts Noresuts Full maich 03 120576 | 117 | 137652% 6 0 12 13 2 NoMS2
63| COHIBN202 Noresults Noresults Full maich 03 1861363 | 1848 | 13530574 2 0 12 14 3 NoMS2
64| COHITNG3 Noresults Noresults Full maich 02 1871208| 1133 | 13140266 4 0 12 un 7 NoMS2
6| CI3HSBNO2 Noresults Noresults Fullmeich 047 271884 | 1207 | 125158 1 0 2 7 5 NoMS2
06| CAHOC Noresuts Noresuts Full maich 084 43217 | 1104 | 12128288 1 0 12 10 9 NoMS2
67] C8HI0 Noresuts Noresuts Full maich 064 1060782 | 1785 | 1208450 4 0 12 7 7 NoMS2
68| C&2H67NO10 Noresults Noresults Full maich 03 7454763 | 109 | 11853945 1 0 12 10 9 NoMS2
69| CI2HZBNG3 Noresults Noresults Full maich 066 201676 | 1659 | 1181597 1 0 12 9 6 DDA for prefeedion
0| CUHANG2 Noresults Noresuts Full maich 006 191572 1217 | 11532258 1 0 V) % %4 NoMS2
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bl Fomia Aot Source: Preciicted Composi- | AmotSouroemzClowd | Amot Source: ChemSpider | AmotDeftaMess | Cde. | RT | Awea | #ChemSpiderRe- | #mzCloudRe- | #Usddle | RSDQCAreass | RSDCorr. QCAress N2
fiors Seach Seach [po] MW _| [min] | (Max) s s &« [ [

71| CIOHI9NG3 Norests Norests Full metch 012 QU136 | 1745 | 1143410 4 0 V) 8 5 NoMS2
72| G6HISNO Norests Norests Full metch 111 71152 | 1265 | 10961287 1 0 2 3 3 NoMS2
73| CILHZANQ2 Noresults Noresuts Full maich 009 1991572 | 1127 | 9904720 1 0 V) 9 7 NoMS2
74| CI3H5NO3 Noresults Noresuts Full maich 098 2318 | 1202 | 9707031 1 0 V) 13 JK] NoMS2
7| ClAHB04 Noresuts Noresuts Full maich -104 58188 | 107 | 9197317 6 0 12 7 14 NoMS2
| CI7TH4O3 Norests Norests Full metch 106 261723 | 1211 | 83334 1 0 2 14 3 NoMS2
77| CIIHZNG3 Norests Norests Full metch 034 251521 | 1126 | 852802 2 0 iV 8 7 NoMS2
78| C9HISNG3 Noresuts Noresuts Full maich 015 1851052 | 1636 | 8444723 8 0 2 8 7 NoMS2
79| COHIEN202 Noresults Noresuts Full maich 015 1841212 | 7915 2 0 V) 18 18 NoMS2
80| CGHISNG3 Noress Norests Full metch 006 1491052 | 6230 | TOBAL 1 0 V) 4 4 NoMS2
8l CTHION2 Noress Norests Full metch 13 1220843 | 1665 | 783672 9 0 V) 7 7 NoMS2
82| CoHe02 Norests Norests Full metch 052 1100367 | 178 | 7664531 6 0 V) 13 3 NoMS2
8| CoHIING3 Noresults Noresuts Full maich 00 1450730 1664 | 7561791 3 0 V) 10 9 NoMS2
8| COHON Noresults Noresuts Full maich 024 131076 1784 | 7481029 3 0 V) 10 10 NoMS2
8| CIOHIONO? Noress Norests Full metch 007 1851416 | 1132 | 7100678 1 0 V) n 8 NoMS2
8| CI7TH2Q2 Norests Norests Full metch 158 281616 | 1211 | 6127554 1 0 V) 16 55 NoMS2
87| C4HNO7 Norests Norests Full metch 086 43019%| 12 | 583651 4 0 V) 8 7 NoMS2
8| CBHISNO Noresults Noresuts Full maich 023 M5 1136 | 5820806 1 0 V) 8 7 NoMS2
8| C3HI3ING3 Noresults Noresults Full maich 034 17108% | 1671 | 530948 3 0 V) un 1 NoMS2
90| CIOHIONG3 Noresufts Noresults Full meich 016 AL1X6 | 1221 | 562568 4 0 V) 14 14 NoMS2
9| CoH8C3 Noresuts Noresults Full meich 13 1280473 | 1071 | 5098779 14 0 V) 19 3 NoMS2
2| CIOHITNO2 Noresuts Noresuts Full meich 002 1831250 | 1738 | 4914797 2 0 2 8 5 NoMS2
B| COHIING2 Noresults Noresuts Full maich 0% 3232821 | 114 | 4913085 1 0 12 8 7 NoMS2
%| CI5H006 Noresults Noresuts Full maich 072 261258 | 1212 | 4676229 8 0 12 12 1 NoMS2
% | CBH4N4O3P2 Noresuts Noresults Full meich 22 286133 | 1077 | 4655050 1 0 V) un 10 NoMS2
%| CI3H5NO3 Noresuts Noresufts Full meich 0% 2318 | 1116 | 3820632 1 0 V) 8 6 NoMS2
97| CI6HONO5 Noresuts Noresuts Full meich 0% 3B2043| 171 | 37A%06 1 0 2 14 10 DDA for prefeedion
B| CIIHBNO2 Noresults Noresuts Full maich 002 L1709 | 1207 | 3478669 1 0 12 19 18 NoMS2
9| CI3HZING2 Noresults Noresults Full maich 03 20204 | 1184 | 3001941 1 0 V) .| 19 NoMS2
100 C8HI3NO Noresuts Noresults Full meich 0% 1300997 | 1638 | 27119%1 2 0 V) 9 9 NoMS2
101] C2H3:06 Noresuts Noresuts Full maich 142 2% | 1214 | 25941 2 0 12 9 8 NoMS2
12| COHX606 Noresults Noresults Full maich 06 322509 | 1661 | 2481868 1 0 12 5 2 NoMS2

Table S.4 — ES-2 EVs metabolite identifications using Compound Discoverer software for amide column and negative mode of ionization. Annot. Source — annotation source; Calc. MW —
calculated molecular weight; RSD - relative standard deviation.

ID|Name
1|Phosphoric acid
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Name

Carboxycyclophosphamide

Pyrophosphoric Acid

Phosphoric acid

Palmitic Acid

Stearic acid

laurilsulfate

Methylprednisolone Hemisuccinate

O|lo|v|lolo|s|w(ro|O

D-(-)-Mannitol

10{TU4153400

11[4-[(4E)-3-Hydroxy-4-decen-1-yl]-2-methoxyphenol

12|Oleic acid

13|2-Dodecylbenzenesulfonic acid

14{2-Dodecylbenzenesulfonic acid

15(laurilsulfate

16{4-Undecylbenzenesulfonic acid

17|4-Hydroxy-3-(hydroxymethyl)-6,6, 7b-trimethyl-2,4,4a,5,6,7,7a, 7h-octahydro-1H-cyclobuta[e]inden-2-yl 3-chloro-6-hydroxy-4-methoxy-2-methylbenzoate

18|Myristyl sulfate

19(8-Amino-7-oxononanoic acid

20{2-Hydroxy-3-(phosphonooxy)propyl (92,127,157)-9,12,15-octadecatrienoate

21|Enalkiren

22 |Perfluorooctanoic Acid

23|2,6-di-tert-Butylphenol

24|1,3-Dihydroxy-2-propanyl (13Z)-13-docosenoate

25|Azelaic acid

26|1-nonanoic acid

27|5,4-dihydroxy-3,3-dimethoxy-6,7-methylenedioxyflavone

28| pentadecanoic acid

29| myristic acid

30{11-Methylhexadecanoic acid

31|Linoleic Acid

32|2-C-methylerythritol 4-phosphate

33|(+)-[6]-Gingerol

34 Palmitelaidic acid

35Perfluorooctanoic Acid

36 |Phthalic acid

37 Putaminoxin

38|a-yl decanoate

39|1-(3,4-Dimethoxyphenyl)-3,5-decanediyl diacetate

40|tolonidine

41)2-C-methylerythritol 4-phosphate
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ID

Name

42

lauric acid

43

2376

4

~

Artemether

45

dilauroy! peroxide

46

(3alpha,5alpha,17beta)-17-Hydroxyandrostan-3-yl beta-D-glucopyranuronate

47

Avrachidic acid

48

Decanoic acid

49

1872050

50

(3,6-Dioxo-1,4-cyclohexadien-1-yl)acetic acid

51

N-Nonanoylglycine

52

2080

53

Artemether

54

1780537

55

MFCD00083068

56

MFCD00133175

57

palinavir

58

Bisphenol S

59

(14R)-3beta,5,6heta, 10,16-pentahydroxygrayanotoxan-14-yl acetate

60

(6S)-2,6-Anhydro-6-[(1S)-2-isopropyl-5-methylcyclohexyl]-L-gulonic acid

61

12-HSA

62

5-Pentyl-1,4-dioxan-2-one

63

3-oxopalmitic acid

64

(1S,4R,4'S,5'S,6'R,9S,10E,12E,14S,15S,16E,19R 21R)-4',9,15-Trihydroxy-6"-isopropyl-5',6,10,14,16-pentamethyl-3'4' 5', 6 -tetrahydro-3H, 7H-spiro[2,20-dioxatricyclo[17.3.1.0~4,9~]tricosa-5,10,12,16-tetr
aene-21,2'-pyran]-3,7-dione

65

Pivagabine

66

Dimethyl (3-oxocyclohexyl)malonate

67

N-Undecanoylglycine

68

Juniperic acid

69

13S-hydroxyoctadecadienoic acid

70

2450

1

Valproic acid

72

DOA

73

butyrin

74

Artemotil

75

Capryloylglycine

76

Sebacic acid

7

p-Toluenesulfonic acid

78

Undecylic acid

79

2453103

80

guaietolin
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ID

Name

81

8,8a-Deoxyoleandolide

82

Frangulin B

83

Dodecanedioic acid

84

Brassylic acid

85

8-Hydroxyoctanoic acid

86

3-Hydroxynonanoic acid

87

Diethyl phthalate

D Fomia Aot Source: Precicied Compos- | Aot SourcemzCloud | Amot Sources ChemSpider | AmotDelfaMiess | Cde | RT | Ama | #ChemSpiderRe- | #mzCloudRe- | #Usdble | RSDQCAress | RSDCor. QCAress NS

fiors Seach Seach [po MW_| [min] | (Vax) s s Q« ] ]
1 H304P Noress Noresuts Full metch 147 97976/ | 7484 | 369EH9 1 0 2 55 14 DDAforatherion
2| CTHI5C2N204P Norests Noresuts Full metch 086 2920144 | 6574 | 243EH9 3 0 2 7 16 DDA for prefaredion
3| HAQO7P2 Noresults Noresuits Full maich 152 177943 | 7484 | 121E+09 1 0 2 19 18 DDA for preferedion
4 H3O4P Noresults Noresuits Full maich 14 9r9r67 | 772 | 1B+ 1 0 2 14 14 DDAforatherion
5 Cl6HRQ? Noress Noresuts Full metch 106 5624 | 115 | 926EH8 9 0 2 6 6 NoMS2
6| CIBH%O2 Noress Full metch Full metch 109 BAZ12| 1115 | THAEHB 4 2 2 5 5 DDAforatherion
7| CIR2H%604S Noresults Noresuits Full maich 1% 261549 | 158 | 7388 1 0 2 14 3 NoMS2
8| CXBHAO8 Full maich Noresuits Full maich -114 4ia22/8| 118 | 45408 4 0 2 2 2 DDA forpreferedion
9| C6HM06 Noresults Fullmetch Full maich 11 1820788 | 5927 | 375E+8 7 6 2 A YA DDA for preferedion
10| CX5HR08 Noresuts Noresuits Full meich 0% 402093 118 | 35EHB 6 0 2 4 4 DDA for prefeedion
1| CI7TH%03 Noresuts Noresuits Full meich 119 2781819 | 11% | 33IEHB 6 0 2 7 16 DDA forpreferedion
12| CIBH3AQG2 Noresults Noresuits Full maich 091 282556 | 1119 | 2506408 1 0 2 7 7 NoMS2
13| CIBHIO3S Noresults Noresuits Full maich 091 3261913 | 1503 | 192E+08 2 0 2 YA 19 NoMS2
14]  CI8H003S Noresults Noresuits Full maich 091 3261913 | 092 | 181E+08 2 0 2 2 YA NoMS2
15| CIR2H%04S Noresuts Noresuits Full meich 127 261548 | 0942 | L75EHB 1 0 2 3 3 NoMS2
16| CI7H203S Noresuts Noresuits Full meich 0683 3121757 099 | 1A4EHB 1 0 2 16 55 NoMS2
17| CAH3LCIO6 Noresults Noresuits Full maich 11 401804 | 1179 | 1426408 1 0 2 6 5 DDA for preferedion
18] Cl4H0O4S Noresults Noresuits Full maich 073 2041863 | 158 | 106E+08 1 0 2 19 7 DDA for preferedion
19] C9HI7NG3 Noresults Noresuits Full maich 087 1871207 | 1841 | 1EHRB 4 0 2 9 8 DDA forpreferedion
2| CAH3O7P Noresuts Noresuits Full maich 0% 4322273 | 1217 | 3055630 4 0 2 8 8 DDA for preferedion
21| CHHHN6O6 Noresuts Noresuits Full maich 284 656428 | 10% | 82736261 1 0 2 9 9 DDA for preferedion
2| C3HFI5C2 Noresults Noresiits Full maich 097 4139733 | 67 | 55008689 1 0 1 18 16 DDA for prefeedion
3| Cl4H20 Noresults Fullmetch Partial metch 08 2061669 | 111 | 45680564 14 3 2 10 10 DDA for prefeedion
2 CHHBOA Noresults Noresuits Fullmeich 117 412308 | 1104 | 45190748 2 0 2 P %4 NoMS2
5|  COHI604 Noresuts Noresuits Full maich 071 1831047 | 178 | 44879248 u 0 2 6 6 NoMS2
%| COHIBO? Noresuts Noresuits Full maich 103 1581305 | 1184 | 4050839 5 0 2 8 8 NoMS2
2| CIBH1408 Noresults Noresuits Full maich 087 3580686 | 4046 | 40825510 2 0 2 55 55 NoMS2
3| CI5HN02 Noresults Noresuits Full maich 076 22224 | 113 | 32899816 14 0 2 8 7 NoMS2
2| ClaH»02 Noresuts Noresuits Full meich 064 282088 | 1136 | 3525129 14 0 2 u u NoMS2
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Aot Source: Predlicted Compos-

Annot Source: mzCloud

Aot DefaMess

Cdc.

#mzCloudRe-

#Usble

RSDQCAes

RSDCor.QCAves

D Fomia Aot Source;: ChemSpickr _ #ChemSpicer Re- N2

fiors Search Seach [por MW_| [min] | (Max) s s &« [ [
| CITHAC? Norests Noresuts Full metch 09 2102556 | 1118 | 3158364 9 0 2 7 3 DDA for prefaredion
31 CI8HRO2 Norests Full metch Full metch 091 28024 | 1123 | 30050642 55 1 2 5 5 DDA for prefaredion
2| GSHI3O7P Noresults Noresuits Full maich 04 21604 | 6129 | 2812406 1 0 2 10 10 NoMS2
3| CI7THHO4 Noresults Noresuits Full maich 08 204188 | 1206 | 280628% 8 0 2 6 6 DDAfor preferedion
A Cl6HDO2 Noresuts Noresuits Full maich 066 HA2M0 | 1128 | 241238 3 0 2 3 2 NoMS2
3P| CBHFIEQ2 Norests Noresults Full metch 1 4139733 | 653 | 22349783 1 0 2 2 2 NoMS2
¥ CBHOA Norests Noresuts Full metch 128 1660264 | 558 | 1985154 7 0 2 9 9 NoMS2
37| CI2H0G3 Noresuts Noresuits Full maich 049 221411 | 1129 | 18543616 8 0 2 JK] 3 DDAfor preferedion
3| CHH208 Noresults Noresuits Full maich 08 6003657 | 1123 | 18091632 1 0 2 14 14 NoMS2
|  C2HAG Noress Noresuts Full metch 087 U232 | 1218 | 17120701 2 0 2 6 6 DDA for prefaredion
40| CIOHI2CIN3 Noress Noresuts Full metch 017 20072 | 4319 | 155696582 1 0 2 5 5 DDA for prefaredion
41  C5HI3O7P Norests Noresuts Full metch 031 21604 | 6475 | 14976861 1 0 2 16 16 NoMS2
£ CR2HAQ? Noresults Noresuits Full maich 0% 01775 | 115 | 1421797 2 0 2 2 2 NoMS2
43|  ClAHXO4 Noresults Noresuits Full maich 07 28189 | 1171 | 13720769 6 0 2 9 8 NoMS2
4 CI6H%05 Noress Noresuts Full metch 128 281776 | 1182 | 13562689 1 0 2 2 2 DDA for prefaredion
4| CAHEOA Noress Noresuts Full metch 18 38339 | 111 | 13508637 1 0 2 16 2 NoMS2
4| CHHAOC8 Norests Noresuts Full metch 10 4682718 | 1215 | 133%69% 3 0 2 9 8 DDA for prefaredion
47|  COHAOO? Noresults Noresuits Full maich 066 3123026 | 1107 | 12102931 9 0 2 6 6 NoMS2
48] ClOH002 Noresults Noresuits Full maich 02 121463 | 117 | 16770 5 0 2 2 2 NoMS2
4] CI2HBNG3 Noresufts Noresuits Full meich 12 291675 | 167 | 11675157 1 0 2 7 7 DDA for preferredion
%  C8H4 Noresuts Noresuits Full meich 0B 1660265 | 1152 | 1135838 7 0 2 19 55 DDA for prefeedion
51| CIH2ING3 Noresufts Noresuits Full meich 034 251521 | 1633 | 11280634 2 0 2 6 5 DDA for preferredion
52| CI3H%02 Noresults Noresuits Full maich 054 214192 | 1142 | 10852056 3 0 2 3 3 DDA for prefeedion
53| Cl6H%605 Noresults Noresuits Full maich 103 281777 | 166 | U345 1 0 2 9 7 DDA for prefeedion
5% ClHOO4 Noresuts Noresuits Full meich 0% 21613 | 1676 | 84363 2 0 2 7 7 NoMS2
%| CZrHR204 Noresuts Noresuits Full meich 127 4403% | 1097 | 80763 3 0 2 14 2 NoMS2
%| CI7THR02 Noresuts Noresuits Full meich 08 2824 | 1177 | 7138621 7 0 2 3 1 NoMS2
57| CAIHN6O5 Noresults Noresuits Full maich 04 70839% | 112 | 6785688 1 0 2 19 19 NoMS2
5| CI2HI0O4S Noresults Noresuits Full maich 102 200297 | 1668 | 6181592 1 0 2 3 3 DDA for preferedion
5| C2H}07 Noresuts Noresuits Full meich 159 4122455 | 1228 | 5970630 1 0 2 10 10 NoMS2
60| CI6H206 Noresuts Noresuits Full maich 114 3161882 | 1667 | 5045206 1 0 2 7 7 NoMS2
61 CIBH36C3 Noresults Noresiits Full maich 09 02662 | 1163 | 573651 14 0 2 18 18 NoMS2
62) C9HI6O3 Noresults Noresiits Full maich 04 1721009 | 1226 | 566774 10 0 2 10 10 DDAforatherion
63| CI6HI0C3 Noresults Noresuits Fullmeich 0% 202198 | 1158 | 56600% 5 0 2 19 19 DDA forprefeedion
64  C33HA808 Noresuts Noresuits Fullmaich 139 5123341 | 1181 | 50873 1 0 2 8 8 NoMS2
6| COHITNG3 Noresuts Noresuits Full maich 0% 1871207 | 1142 | 550821 4 0 2 Ik} 2 DDA for preferedion
6| CILHI605 Noresults Noresiits Full maich 06 22809% | 167 | 547210 1 0 2 9 7 DDA for prefeedion
67] CI3HSNC3 Noresults Noresuits Full maich 078 231833 | 1673 | 53359 1 0 2 4 4 NoMS2
6 Cl6HR203 Noresults Noresuits Full maich 098 212239 | 118 | 409776 2 0 2 8 7 NoMS2
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D Fomia Aot Source: Pregicied Composi- | Amnot SourcemzCloud | Amot Sources ChemSpider | AmotDelfaMiess | Cde. | RT | Ama | #ChemSpiderRe- | #mzCloudRe- | #Usdble | RSDQCAress | RSDCor. QCAress N2
fiors Search Seach [por MW_| [min] | (Max) s s &« [ [

0| CI8HR03 Norests Noresuts Full metch 18 262346 | 11% | 4685623 14 0 2 6 6 NoMS2
70| COH3®802 Norests Noresults Full metch 08 3102869 | 1111 | 4611097 3 0 2 19 19 NoMS2
71 C8HI6O2 Noresults Noresuits Full maich 08 1441149 | 1198 | 44340 A 0 2 9 8 NoMS2
2| C2HRO4 Noresults Noresuits Full maich 159 303077 | 1119 | 4240565 3 0 2 2% YA NoMS2
73| Cl5H%06 Noresuts Noresuits Full maich 066 21727 | 1688 | 4236972 1 0 2 7 7 NoMS2
74 ClTH»805 Norests Noresults Full metch 089 3121934 | 1154 | 4076218 1 0 2 55 55 NoMS2
75| CIOHIONG3 Norests Noresuts Full metch 041 L34 | 1757 | 4006927 4 0 2 5 5 DDA for prefaredion
76|  CIOH1804 Noresuts Noresuits Full maich 029 2021205 | 1730 | 39318% 9 0 2 8 7 NoMS2
77 CTH3Q3S Noresults Noresuis Full maich 04 1720198 | 1208 | 3816784 1 0 2 14 3 NoMS2
B ClH2Q2 Noress Norests Full metch 087 1861618 | 1158 | 367482 5 0 2 YA 19 NoMS2
M| CI3H1803 Noress Noresuts Full metch 028 2212 | 1221 | 367738 14 0 2 9 7 NoMS2
80| CIlHI604 Norests Noresuts Full metch 05 2121047 | 1666 | 343930 2 0 2 10 10 NoMS2
8l] COHX606 Noresults Noresuits Full maich 14 322507 | 1667 | 3368236 1 0 2 2 2 NoMS2
8| COHI809 Noresults Noresuits Full maich 115 4020946 | 1686 | 3327868 5 0 2 % %4 DDA forpreferedion
8| Cl2H204 Noress Noresuts Full metch 11 201516 | 1669 | 2775907 5 0 2 6 4 NoMS2
84 CI3HAO4 Noress Noresuts Full metch 106 241672 | 1667 | 2752489 3 0 2 6 6 NoMS2
8| C8HI603 Norests Noresuts Full metch 05 1601008 | 1674 | 2692485 18 0 2 10 10 NoMS2
8| C9HIBO3 Noresults Noresuits Full maich 088 1741254 | 1669 | 23847% 2 0 2 9 8 NoMS2
8] CI2H404 Noresults Noresuits Full maich 07 22080 | 1667 | 2102291 3 0 2 9 8 NoMS2

Table S.5 — Input data for pathway enrichment analysis of ES-2 EVs metabolites using MetaboAnalyst software for C18 column and both modes of ionization. Query — input compounds.
HMDB — Human Metabolome Database; KEGG — Kyoto Encyclopedia of genes and genomes. SMILES — Simplified molecular input line entry system.

Query Match HMDB PubChem |KEGG SMILES
(2E)-2,5-Dichloro-4-oxo-2-hexenedioic acid NA NA NA NA NA
(3beta,5alpha,9alpha,22E,24R)- _ o
A - e ey g HMDB00326 CC(C)C(C)C(\C)=C\C(C)C1CCC2C3=CC(=0)C4(
11-Aminoundecanoic acid 359 Tnhyd_roxy 23-methyler 69 17083 NA 0)CC(0)CCCA(C)C3(0)CCCIZC
gosta-7,22-dien-6-one
Phosphoric acid Phosphoric acid PVDB002, s72a078 {cooo0s  [0P(=0)(0)0
Pivagabine NA NA NA NA NA
Mutagen X NA NA NA NA NA
Estra-1,3,5(10)-triene-3,6alpha,17beta-triol triacetate NA NA NA NA NA
PEG-4 6-Oxopiperidine-2-carboxylic acid ESMDBOO‘S” 3014237 |NA 0C(=0)C1CCCC(0)=N1
Isopropyl catechol NA NA NA NA NA
2,2,6,6-Tetramethyl-4-piperidinol NA NA NA NA NA
3-Tropanol Tropine METPA0074 [INA C00729 NA
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Query Match HMDB PubChem |KEGG SMILES
PEGn5 NA NA NA NA NA
Minoxidil Minoxidil VA (S (V3 NC1=CC(=NC(N)=[N+]L[O-]NICCCCCl
butoctamide NA NA NA NA NA
capuride NA NA NA NA NA
PEG n6 NA NA NA NA NA
Betaine Betaine 4H3M DB0000O 7 00719 CIN+](C)(C)CC(=0)[0]
Cyclopenta[cd]pyrene NA NA NA NA NA
benzarone NA NA NA NA NA
Triethanolamine Triethanolamine PDB00Blsg oo |c(coNecojeco
2-Hexenoylcaritine 2-Hexenoylcamitine M T VY 0CCIC=CIC(=0)00(CC(=0)[O)CIN(C)(C)C
2064747 NA NA NA NA NA
Urocanic acid Urocanic acid oMPBO0Bl56m15  coores  |ca=cnCeND)C=CIC(=0)0
1,234,6,7,8-Heptachlorodibenzofuran Lo E-Heptachlorodibenzo- | 96024328 [CI8111  |NA
MFCD00216258 NA NA NA NA NA

] . HMDB00117 _ -
N-Acetyl-L-leucine N-Acetylleucine 56 70912 C02710 CC(C)C[C@@H](C(=0)O)NC(=0)C
3-[(6-Oxodecanoyl)oxy]-4-(trimethylammonio)butanoate NA NA NA NA NA
1,2,3,4,6,7,8-Heptachlorooxanthrene NA NA NA NA NA
Adipic acid Adipic acid 4H8M DBOO0OO4 196 |co6104 C(CCC(=0)0)CC(=0)0
Methylenediurea NA NA NA NA NA

Lo L HMDB00002 _ _

D-(+)-Pyroglutamic Acid Pyroglutamic acid 67 7405 C01879 CICC(=O)N[C@@H]1C(=0)0
Caprolactam epsilon-Caprolactam METPA0843 [INA C06593 NA
4230434 NA NA NA NA NA
Se-r?rl;éydroxy[(zR)-2-[(1lz)-ll-octadecenoyloxy]-3-(pentadecanoyloxy)propoxy]phosphoryl}-L- NA NA NA NA NA
N-docosanoylsphinganine NA NA NA NA NA
Succinylacetone Succinylacetone ?SMDBOOO% 5312 NA CC(=0)CC(=0)CCC(=0)0
L-(+)-Leucine L-Leucine (MOB00le0s  Jconzs  [cc(ccic@@H(CE0)ON
Sumarotene NA NA NA NA NA
Leucine L-Leucine §7MDB°°°°6 6106 |C00123 CC(C)C[C@@H](C(=0)ON
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Query Match HMDB PubChem |KEGG SMILES
TCA-ethadyl NA NA NA NA NA
Hydroxyamphetamine NA NA NA NA NA
4-Ethylphenol £-Ethylphenol PMDB00Ba00  Jerse - |ccciscescie=cno
Indane NA NA NA NA NA
asn-arg Asparaginyl-Arginine 2H5MD800287 9835593  [NA NC(CC(N)=0)C(=0)NC(CCCNC(N)=N)C(0)=0
Imagabalin NA NA NA NA NA
12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol NA NA NA NA NA
DL-Lactic Acid NA NA NA NA NA
ETHYLENEBISDITHIOCARBAMIC ACID NA NA NA NA NA
N-Nonanoylglycine N-Nonanoylglycine FMDBOOLSZ 0176752 A CCCOCCCCO(=OINCC(=0)0
Ceramide (418:1/24:1(152)) Cer(d18:1/24:1(152)) FMDBO0AS somass |Coo1os g(cz%c)ggggggggg/ccczgé[/cégg]c([Ccc@éné]c(gg))gl
1872050 NA NA NA NA NA
(3alpha,5alpha,17beta)-17-Hydroxyandrostan-3-yl beta-D-glucopyranuronate NA NA NA NA NA
4-Oxoproline 4-Oxoproline METPA0228 [INA C01877 NA
14R)-3beta,5,6beta, 10,16-pentahydroxygrayanotoxan-14-yl acetate NA NA NA NA NA
(14R) pentahydroxygray: y
N-Acetyl-DL-alloisoleucine NA NA NA NA NA
Capryloylglycine Capryloylglycine I;ZMDBOOOOS 84290 NA CCCCCCCC(=0)NCC(=0)0
1-(3,4-Dimethoxyphenyl)-3,5-decanediyl diacetate NA NA NA NA NA
L - HMDB00002 _ _
Succinic acid Succinic acid 51 1110 €00042 C(CC(=0)0)C(=0)0
(2R)-3-{[(2-Aminoethoxy)(hydroxy)phosphoryl]oxy}-2-[(1Z,11Z)-1,11-octadecadien-1-
yloxy]propy! (62,92,127,157)-6,9,12,15-octadecatetraenoate NA NA NA NA NA
Botrydial Botrydial NA 185781  |C09622 CC(=0)01C(C)(C=0)2(0)1C(C)(C)C2(C)C=0
Benzoic acid Benzoic acid DBl loosas - [ca=cescie=cac=0)0
Juliflorine NA NA NA NA NA
Tedatioxetine NA NA NA NA NA

Table S.6 - Pathway enrichment analysis of ES-2 EVs metabolites using MetaboAnalyst software for C18 column and both modes of ionization. Expected — expected hits; hits — observed
hits; raw p — raw p-value; Holm p — p-values adjusted by the Holm-Bonferroni method; FDR — false discovery rates enrichment ratio — hits to observed ratio.

total expected hits Raw p Holmp FDR Enrichment ratio
Glutathione Metabolism 21 0513 2 0.0905 1 1 3.898635
Ammonia Recycling 32 0.781 2 0.182 1 1 2.560819
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total expected hits Raw p Holmp FDR Enrichment ratio
Glycerol Phosphate Shuttle 11 0.269 1 0.239 1 1 3717472
Ketone Body Metabolism 13 0.317 1 0.276 1 1 3.154574
Glutamate Metaholism 49 12 2 0.338 1 1 1.666667
Arginine and Proline Metabolism 53 1.29 2 0.375 1 1 1.550388
Butyrate Metabolism 19 0.464 1 0.377 1 1 2.155172
Mitochondrial Electron Transport Chain 19 0.464 1 0.377 1 1 2.155172
Vitamin B6 Metabolism 20 0.488 1 0.393 1 1 2.04918
Lactose Synthesis 20 0.488 1 0.393 1 1 2.04918
Betaine Metabolism 21 0.513 1 0.408 1 1 1.949318
Warburg Effect 58 142 2 0.419 1 1 1.408451
Carnitine Synthesis 22 0.537 1 0.423 1 1 1.862197
Valing, Leucine and Isoleucine Degradation 60 1.46 2 0.437 1 1 1.369863
Glycolysis 25 0.61 1 0.465 1 1 1.639344
Cysteine Metabolism 26 0.635 1 0.478 1 1 1.574803
Oxidation of Branched Chain Fatty Acids 26 0.635 1 0.478 1 1 1.574803
Phytanic Acid Peroxisomal Oxidation 26 0.635 1 0.478 1 1 1.574803
Inositol Phosphate Metaholism 26 0.635 1 0.478 1 1 1.574803
Selenoamino Acid Metabolism 28 0.684 1 0.504 1 1 1.461988
Urea Cycle 29 0.708 1 0517 1 1 1.412429
Citric Acid Cycle 32 0.781 1 0.552 1 1 1.28041
Fructose and Mannose Degradation 32 0.781 1 0.552 1 1 1.28041
Inositol Metabolism 33 0.806 1 0.563 1 1 1.240695
Gluconeogenesis 35 0.854 1 0.585 1 1 1.17096
Nicotinate and Nicotinamide Metaholism 37 0.903 1 0.606 1 1 1.10742
Propanoate Metabolism 42 1.03 1 0.653 1 1 0.970874
Methionine Metabolism 43 1.05 1 0.662 1 1 0.952381
Histidine Metabolism 43 1.05 1 0.662 1 1 0.952381
Pyruvate Metaholism 48 117 1 0.703 1 1 0.854701
Glycine and Serine Metabolism 59 144 1 0.777 1 1 0.694444
Pyrimidine Metabolism 59 1.44 1 0.777 1 1 0.694444
Purine Metaholism 74 1.81 1 0.85 1 1 0.552486

Table S.7 — Input data for pathway enrichment analysis of ES-2 EVs metabolites using MetaboAnalyst software for amide column and both modes of ionization. Query — input compounds.
HMDB — Human Metabolome Database; KEGG — Kyoto Encyclopedia of genes and genomes. SMILES — Simplified molecular input line entry system.

Pub- [KE
Query Match HMDB chemlaG SMILES
12,13-Epoxytrichothec-9-ene-3,4,8,15-tetrol NA NA NA |NA |NA
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KE

Query Match HMDB chemlac SMILES
. . HMDBO co7 P (O O (=
Buclizine Buclizine 014198 |67 |77 |CC(O)(C)CI=CC=C(C=CLICN2CCN(CC2)C(C3=CC=CC=C3)C4=CC=C(C=CA)CI
. . HMDBO (5283 |C19 _ _
Oleamide Oleamide 000117 |87 1670 CCCCCCCC/C=C\CCCCCCCC(=0)N
. L (3beta,5alpha,9alpha,22E,24R)-3,5,9- Trihydroxy- [HMDBO {1708 _ o~
11-Aminoundecanoic acid 23-methylergosta-7,22-dien-6-0ne 032669 |3 NA [CC(C)C(C)C(\C)=C\C(C)C1CCC2C3=CC(=0)C4(0)CC(O)CCr4(C)c3(o)ceerac
Bis(2-ethylhexyl)adipate NA NA NA [NA [NA
. . HMDBO 6181 A~ .
2,4-Dimethylbenzaldehyde 2,4-Dimethylbenzaldehyde 0142 |4 NA |CC1=CC(=C(C=C1)C=0)C
T2-L-Fucopyranose NA NA NA [NA [NA
- L HMDBO |3014 _ _
PEG-4 6-Oxopiperidine-2-carboxylic acid 061705 |237 NA |0C(=0)C1CCCC(0)=N1
Linoleamide Linoleamide PID00 10035 1N |[HIIC(CCCCC)=CUHNCICH=CH)CCCCCCCC(0)=N
2-[(5E,8E)-5,8-Tetradecadien-1-yl]cyclobutanone NA NA NA [NA [NA
1-Hexadecanoylpyrrolidine N-Hexadecanoylpyrrolidine Too? 12072 N |cceeeccoeeeeeeee=oNIceee:
. . HMDBO (3129 |C13 _
Amide C18 Octadecanamide 034146 |2 86 CCCCceeceececceceee(=0)N
Phosphoribosyl pyrophosphate Phosphoribosyl pyrophosphate EO“(’)'Z%%O 7339 ffg C([C@@H]L[C@H]([C@H]([C@H](O1)OP(=0)(0)OP(=0)(0)0)0)0)OP(=0)(0)0
2-(Diethylamino)ethanol 2-Diethylaminoethanol 5'3%?0 7497 |NA |CCN(CC)CCO
2-{2-[(2E)-3,6-Dimethyl-2-hepten-1-yl]-3,4-dihydroxyphenyl}-
7-hydroxy-2,3-dihydro-4H-chromen-4-one NA NA NA INA INA
MDMA NA NA NA INA [NA
. HMDBO |2033 _ -
5-Ethyl-4-hydroxy-3(2H)-furanone 2-Ethyl-3 4-dihydroxyfuran 031847 |3861 NA |CCC1=C(0)C(=0)CO1
. . HMDBO |1017 _ _
N-Nonanaylglycine N-Nonanoylglycine 013279 6752 NA |CCCCCCCCC(=O)NCC(=0)0
N,N-Bis(2-hydroxyethyl)dodecanamide NA NA NA [NA [NA
» N HMDBO (5348 I _
2-Hexenoylcarnitine 2-Hexenoylcarnitine 013161 |1638 NA |CCC/C=C/C(=0)0C(CC(=0)[0-])C[N+](C)(C)C
. - . - HMDBO CO3 | g~y _
5,6-Dimethylbenzimidazole Dimethylbenzimidazole 003701 675 114 CC1=CC2=C(C=C1C)N=CN2
Hexylresorcinol Hexylresorcinol 33“25%30 3610 [NA |CCCCCCC1=C(C=C(C=C1)0)0
N-Undecanoylglycine N-Undecanoylglycine gl“é'zDg%O 3240 NA |CCCCCCCCCCC(=0NCC(=0)0
Elagokanine C NA NA NA [NA [NA
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KE

Query Match HMDB chemlac SMILES
Cinnamaldehyde Cinnamaldehyde :0'\3{'5?0 ??5 gge? C1=CC=C(C=C1)/C=CIC=0
Pivagabine NA NA NA [NA [NA
o-Xylene p-Xylene 35“39'3230 7809 %’66 CC1=CC=C(C)C=Cl
11-Nitro-1-undecene NA NA NA [NA [NA
Capryloylglycine Capryloylglycine :0%%?320 8429 NA |CCCCCCCC(=0)NCC(=0)0
cyclandelate Cyclandelate Do 12893 |NA [CCICC(CC(CT)(C)CIOC(=0)C(C2=CC=CC=C2)0
Triethanolamine Triethanolamine ggg@o 7618 ??16 C(CO)N(cco)cco
2,4-Diaminotoluene NA NA NA [NA |[NA
Hydroguinone Hydroguinone o |18 |c) |C1=CC(=CC=C10)0
Skatole 3-Methylindole e 6736 |5 CC1=CNC2=CC=CC=C12
Furaneol NA NA NA [NA [NA
methyprylon Methyprylon PDS0 462 |NA |CCCI(C=OICIENCI=O)CICE
hutoctamide NA NA NA [NA [NA
2S-Amino-tridecanoic acid Tridecanoic acid I(;lo'\(/)lslajl?)o ?&67 (():71; CCCccceceececc(=0)o
. - . HMDBO |5484 |C16 |[H][C@@]12CC3=C4C(O[C@H]5[C@@H](0)C=C[C@@H]1[C@@]45CCN2C)=C(O[C@@H]

Carboxycyclophosphamide Morphine-3-glucuronide 04193 |731 643 |10[C@@H]([C@@H](0)[C@H](0)[C@H]10)C(0)=0)C=C3
Pyrophosphoric Acid Pyrophosphate e oo (o2 [0P=0)[0-)OPE0)(0)[0]

e o HMDBO0 C00 _
Palmitic Acid Palmitic acid 000220 985 249 CCcceecececcecceccec(=0)o

N — HMDBO0 Co1 _
Stearic acid Stearic acid 000827 5281 530 CCceeecececcecececcececce(=0)o

. . HMDBO0 C00

D-(-)-Mannitol Mannitol 000765 6251 3 C([C@H]([C@H]([C@@H]([C@@H](C0)0)0)0)0)0
4-[(4E)-3-Hydroxy-4-decen-1-yl]-2-methoxyphenol NA NA NA |NA [NA
2-Dodecylbenzenesulfonic acid 2-Dodecylbenzenesulfonic acid gghf(%?o ;545 NA |CCCCCCCCCCCCC1=CC=CC=C1S(=0)(=0)0
4-Undecylbenzenesulfonic acid N-Undecylbenzenesulfonic acid 33@5330 2822 NA |CCCCCCCCCCCC1=CC=C(C=C1)S(=0)(=0)0
8-Amino-7-oxononanoic acid 8-Amino-7-0xononanoate gIéTPAO NA ggzl NA
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Query Match HMDB chemlac SMILES
Perfluorooctanoic Acid NA NA NA [NA [NA
2,6-di-tert-Butylphenol NA NA NA [NA [NA
- L HMDBO0 Co8 _ _
Azelaic acid Azelaic acid 000782 2266 261 C(CCCC(=0)0)ccec(=0)0
L I HMDBO0 Co1 _
1-nonanoic acid Pelargonic acid 000847 8158 601 CCccceeccec(=0)o
AL - . 5,4-Dihydroxy-3,3'-dimethoxy-6:7-methylenedi- |HMDBO {4425 A~ I~ A\ A~ A~
5,4'-dihydroxy-3,3"-dimethoxy-6,7-methylenedioxyflavone oxyflavone 029272 |9873 NA |COC1=C(C=CC(=C1)C2=C(C(=0)C3=C(C4=C(C=C302)0C04)0)0C)O
pentadecanoic acid Pentadecanoic acid e o 1522 leceecccooeeeeee=0)0
myristic acid Myristic acid e o0 <29 |cceeccoceeeeee=0)0
. - HMDB4 [5312 _
11-Methylhexadecanoic acid (+/-)-11-Methylhexadecanoic acid 0598 203 NA |CCCCCC(C)cceceeceece(=0)o
S s HMDBO {5280 |C01 _ _ _
Linoleic Acid Linoleic acid 000673 1450 1595 CCCCcic=C\C/c=C\cceeecec(=0)o
(+)-[6]-Gingerol NA NA NA [NA [NA
o G HMDBO |5282 _ _
Palmitelaidic acid Palmitelaidic acid 012328 |745 NA |CCCCCC/C=CI/CCCCCCCC(=0)0
L L HMDBO0 COL |y~ _ _
Phthalic acid Phthalic acid 002107 1017 606 C1=CC=C(C(=C1)C(=0)0)C(=0)0
2-C-methylerythritol 4-phosphate NA NA NA [NA |NA
lauric acid Dodecanoic acid HMDEO 3893 c02 CCcceeceecec(=0)o
000638 679 3
Artemether Artemether m&%‘) fggl NA |C[C@@H]LCCIC@H2[C@H](C@H](O[C@HIRIC@@I24[C@HILCCIC@](03)(004)C)0C)C
— L HMDBO [1046 |C06 _
Arachidic acid Arachidic acid 002212 |7 25 CCCceecececcecceccececcecce(=0)o
Lo L HMDBO Co1 _
Decanoic acid Capric acid 000511 2969 571 CCCCcceecc(=0)0
Bisphenol S Bisphenol S 2'%'7'31%0 6626 ‘2311; 0C1=CC=C(C=C1)$(=0)(=0)C1=CC=C(0)C=C1
5-Pentyl-1,4-dioxan-2-one NA NA NA |NA [NA
L L HMDBO |7058 |C18 _
Juniperic acid 16-Hydroxy hexadecanoic acid 006204 075 |218 C(Cccceeec(=0)o-)ceeccecco
13S-hydroxyoctadecadienoic acid 13S-hydroxyoctadecadienoic acid gohje%?o 8411;13 (7:61; CCCCC[C@@H](/C=CIC=C\CCCCCCCC(=0)0)0
L L HMDBO0 co7 _
Valproic acid Valproic acid 001877 3121 185 CCCC(CCC)C(=0)0
DOA NA NA NA |NA |NA
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Query Match HMDB El#()?m gg SMILES
butyrin Glycerol tributanoate yghfngEO 6050 g7103 CCCC(=0)OCC(CoC(=0)cce)oc(=0)cce
Sebacic acid Sebacic acid PDe0 ls102 S22 |e(ceeee=0)0)ceee=0)0
p-Toluenesulfonic acid p-Toluenesulfonic acid 35'\39220 6101 253376 CC1=CC=C(C=C1)S(0)(=0)=0
Dodecanedioic acid Dodecanedioic acid :0'\(;'6220 é273 2382 C(CCCCccC(=0)0)cceec(=0)o
Brassylic acid 1,11-Undecanedicarboxylic acid i 119 Ia |c(ceceecojoceeeeei=0jo
8-Hydroxyoctanoic acid NA NA NA [NA |NA

o ~ o HMDBO {3659 _
3-Hydroxynonanoic acid (At)-3-Hydroxynonanoic acid 031513 |9 NA |CCCCCCC(CC(=0)0)0
Diethyl phthalate NA NA NA [NA |NA

Table S.8 — Pathway enrichment analysis of ES-2 EVs metabolites using MetaboAnalyst software for amide column and both modes of ionization. Expected — expected hits; hits — observed
hits; raw p — raw p-value; Holm p — p-values adjusted by the Holm-Bonferroni method; FDR — false discovery rates enrichment ratio — hits to observed ratio.

total |expected |hits| Raw p |Holm p|FDR |Enrichment ratio
Riboflavin Metabolism 20 109 |3]00912] 1 1 1.834862
Fatty Acid Biosynthesis 3| 191 | 4]0119] 1 1 1.04712
Beta Oxidation of Very Long Chain Fatty Acids 171 093 [2]0237] 1 1 1.075269
Biotin Metabolism 810438 | 10363 1 1 2.283105
Phenylacetate Metabolism 9049 |1]0398] 1 1 2.03252
Glycerolipid Metabolism 25| 137 |2(0402] 1 1 0.729927
Mitochondrial Beta-Oxidation of Medium Chain Saturated Fatty Acids| 27 | 148 |2 |0441| 1 1 0.675676
Mitochondrial Beta-Oxidation of Long Chain Saturated Fatty Acids | 28 | 153 |2 | 046 | 1 1 0.653595
Glycerol Phosphate Shuttle 111 0602 | 1]0463| 1 1 1.66113
Cardiolipin Biosynthesis 111 0602 |1 )0463| 1 1 1.66113
Phosphatidylethanolamine Biosynthesis 12| 0656 | 1/0493| 1 1 1.52439
Phosphatidylcholine Biosynthesis 141 0766 | 110547 1 1 1.305483
Nicotinate and Nicotinamide Metabolism 37| 202 | 20613 1 1 0.49505
Alanine Metabolism 171 093 [1]0619| 1 1 1.075269
Spermidine and Spermine Biosynthesis 1810984 | 1064 1 1 2.03252
Alpha Linolenic Acid and Linoleic Acid Metabolism 19| 104 [1)066]| 1 1 0.961538
Butyrate Metaholism 19 104 [1)066]| 1 1 0.961538
Ethanol Degradation 19 104 [1]066| 1 1 0.961538
Nucleotide Sugars Metabolism 20 109 |1]0679] 1 1 0.917431
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total |expected |hits| Raw p |Holm p|FDR |Enrichment ratio
Ubiquinone Biosynthesis 20) 109 |1(0679] 1 1 1.834862
Lactose Synthesis 20 109 |1]0679] 1 1 0.917431
Fatty acid Metabolism 43| 235 | 2]06%| 1 1 0.425532
Pantothenate and CoA Biosynthesis 21 115 | 1]0697] 1 1 0.869565
Betaine Metabolism 21 115 | 1]0697] 1 1 0.869565
Sulfate/Sulfite Metabolism 2| 12 |1]0714] 1 1 1.666667
Steroid Biosynthesis 48| 262 |2(0753] 1 1 0.381679
Glutamate Metabolism 49 268 |2 (0764 1 1 0.373134
Cysteine Metabolism 26| 142 |1]0773] 1 1 0.704225
Oxidation of Branched Chain Fatty Acids 26| 142 |110773] 1 1 0.704225
Phytanic Acid Peroxisomal Oxidation 26| 142 |110773] 1 1 0
Plasmalogen Synthesis 26| 142 |1]0773] 1 1 0
Mitochondrial Beta-Oxidation of Short Chain Saturated Fatty Acids | 27| 148 |1 |0.785] 1 1 0
Phenylalanine and Tyrosine Metaholism 28 153 |1]0797] 1 1 0
Selenoamino Acid Metabolism 28| 153 | 10797 1 1 0
Pentose Phosphate Pathway 20 159 |1(0809| 1 1 0
Urea Cycle 20 159 |1(0809| 1 1 0
Starch and Sucrose Metabolism 31| 17 17083 1 1 0
Ammonia Recycling 32 175 110839 1 1 0
Fructose and Mannose Degradation 2] 175 |1]0839] 1 1 0
Pyrimidine Metabolism 50| 323 |2(0848] 1 1 0
Inositol Metabolism 33| 18 |1/0848] 1 1 0
Amino Sugar Metabolism 33| 18 |1]0848] 1 1 0
Fatty Acid Elongation In Mitochondria 35| 191 |1]0865] 1 1 0
Aspartate Metabolism 35| 191 |1]0865] 1 1 0
Bile Acid Biosynthesis 65| 355 |2(0885| 1 1 0
Galactose Metabolism 38| 208 |1/0887] 1 1 0
Propanoate Metaholism 21 23 [1]091] 1 1 0
Methionine Metabolism 431 235 | 1]0915] 1 1 0
Histidine Metabolism 43 235 | 1]0915] 1 1 0
Purine Metabolism 74 405 |2(0925| 1 1 0
Pyruvate Metabolism 481 262 |1]0937] 1 1 0
Arginine and Proline Metaholism 53] 29 |1]0953] 1 1 0
Glycine and Serine Metabolism 59| 323 |1]0967| 1 1 0
Tryptophan Metaholism 60| 328 |1]0969| 1 1 0
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Table S.9 — ES-2 EVs | lipid identifications using Compound Discoverer software. Annot. Source — annotation source; Calc. MW — calculated molecular weight; RSD — relative standard
deviation.

Annot.. . |Annot. Source:
ID [Name Formula g_ource. Pre- |Annot. Source: ChemSpider Annot. Del- Calc. MW  [RT [min] |Area (Max.)
|ct_eq Com- |mzCloud Search Search taMass [ppm]
positions
1 |11-Aminoundecanoic acid C11H23 N O2 [Noresults |No results Full match 0.4 201.17296 |[1.154 1.69E+09
2-(11,17-Dihydroxy-10,13,16-trimethyl-3-oxo-
2 |4,5,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-3H-cyclo- C24 H34 06 No results |Invalid mass No results -7.12 418.23256 |1.658 7.00E+08
penta[a]phenanthren-17-yl)-2-oxoethyl acetate
3 Imethy' 2-(L,3 S-trihydroxy-4a-methyl-8-oxo-decafydronaphtha- |15 1192 05 |Nomatch  |Invalid mass  |No results 7372885 (32012328 1342  |5.51E+08
en-2-yl)prop-2-enoate
4 |Irgafos 168 C42 H63 O3 P |Noresults |Full match No results -1.26 646.45067 |33.098 3.88E+08
5 Q'Z:t(“lgfli)[%l[%z'\g]ettné’écﬂ'zd;'ﬁ}gg';ﬂ%tmlnﬁlg;‘o711d' C28H28N4 02 [Noresults |Invalidmass  [Noresults  |-39835.76  |434.20665 |1.663  |3.34E+08
g |> (2R 4S5R)-5-(6-Cyclopentyl-2-methyl-4-pyrimidinyl)}-1- 053 134 N4 03 No results  |Invalid mass | No match 4348045  |396.25075 |1.656  |3.03E+08
azabicyclo[2.2.2]oct-2-yl]methyl}amino)-5-oxopentanoic acid
7 ;Eg?gggiih(ri-:%ﬂt(;i(grﬁ):enyI)-8,8-d|methyl-4H,8H-py- C20 H16 O5 No results  |Invalid mass  |No results -7.97 336.09709 [1.332 1.90E+08
8 |Bis(4-ethylbenzylidene)sorbitol C24 H30 06 No results  |Full match Partial match  |-1.17 414.20375 |1.629 1.19E+08
9 |NP-007953 C15 H24 05 No results  |Invalid mass No results 59918.48 301.18895 |1.153 9.12E+07
10 | Tris(hydroxymethyl)aminomethane C4H11 N O3 |Noresults [No results Full match -0.13 121.07388 |1.139 2.63E+07
= 5 S_| 9=
ID|# ChemSpider Results|# mzCloud Results|mzCloud Best Match|mzCloud Best Match Confidence MS2 g % g % g U% i' g fl %
S| 8| 2 e
1 1 0 DDA for preferred ion 1.69E+09
2 0 2 811 9.1 DDA for preferred ion 7.00E+08
3 0 12 100 10 DDA for preferred ion 5.51E+08
4 0 3 96.8 9.8 DDA for preferred ion 3.88E+08
5 0 8 99.2 10 DDA for preferred ion 3.34E+08
6 2 2 935 9.7 DDA for preferred ion 3.03E+08
7 0 10 98.2 9.9 DDA for preferred ion 1.90E+08
8 5 6 99.7 10 DDA for preferred ion 1.19E+08
9 0 1 319 38 DDA for preferred ion 9.12E+07
10 1 0 No MS2 2.63E+07
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Table S.10 — ES-2 EVs 11 lipid identifications using Compound Discoverer software in positive mode. Annot. Source — annotation source; Calc. MW — calculated molecular weight; RSD —
relative standard deviation; CCM — cell culture media. EB — Extraction blank.

1D [Name

1|(9R)-6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphaheptacosan-9-yl (92)-9-octadecenoate
Triglyceride POO,sn

DL-Dipalmitoylphosphatidylcholine

Triolein

(9R)-6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphaheptacosan-9-yl palmitate
TG(16:1(92)/16:1(92)/18:0)[is03]

TG(16:1(92)/18:1(92)/18:1(92))[is03]
(9R)-6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphaheptacosan-9-yl (92)-9-octadecenoate
9|Palmitoyl sphingomyelin

10|Dioleoylphosphatidylethanolamine

11|DL-Arginine

12|TG(16:0/16:1(92)/16:1(9Z))[iso3]

13|DL-Glutamine

14|Pyridoxine

15|Penicillin G

16|1-Palmitoyl-2-linoleoyl PE

17|L-Histidine

18|6-Hydroxy-6-oxido-12-o0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphanonacosan-9-yl stearate
19|1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine

20|Betaine

21|1-stearoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine zwitterion

22| Thiamine

23|Creatine

24|Octadecanamine

25|5,5-dimethyl-2-{[(2-phenylacetyl)amino]methyl}-1,3-thiazolane-4-carboxylic acid
26|1,2-dioleoyl-sn-glycero-3-phospho-N,N-dimethylethanolamine

27|L-Pyroglutamic acid

28|Dioleoylphosphatidylethanolamine

29|N1-phenethylbenzene-1-carbothioamide
30/24-Amino-21-hydroxy-21-oxido-15-0x0-16,20,22-trioxa-21lambda~5~-phosphatetracosan-18-yl palmitate
31|1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphoethanolamine
32|1-stearoyl-2-oleoyl-sn-glycero-3-phosphoserine
33|1-stearoyl-2-arachidonoyl-sn-glycero-3-phosphoethanolamine

34|DL-Lysine

35((2R)-1-{[(2-Aminoethyl)(hydroxy)phosphoryl]oxy}-3-(palmitoyloxy)-2-propanyl (9Z)-9-octadecenoate
36|Nicotinamide

37|1-oleoyl-2-linoleyl-sn-glycero-3-phosphoethanolamine

N[ [wN
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1D

Name

38

MFCDO00042876

39

Ceramide (d18:1/16:0)

40

1-hexadecanoyl-2-(4Z,72,10Z,13Z,16Z,19Z-docosahexaenoyl)-sn-glycero-3-phosphoethanolamine

41

1-hexadecanoyl-2-(5Z,82,117,14Z-icosatetraenoyl)-sn-glycero-3-phosphoethanolamine

42

N-[(2S,3R,4E)-1-(beta-D-erythro-Hexopyranosyloxy)-3-hydroxy-4-octadecen-2-ylJhexadecanamide

43

1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-I-serine

44

1-octadecanoyl-2-(4Z,7Z,10Z,13Z,16Z,19Z-docosahexaenoyl)-sn-glycero-3-phosphoethanolamine

45

Dioleoylphosphatidylethanolamine

46

1-stearoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine zwitterion

47

1-oleoyl-2-linoleyl-sn-glycero-3-phosphoethanolamine

48

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine

49

1-hexadecanoyl-2-(5Z,8Z,11Z,14Z-icosatetraenoyl)-sn-glycero-3-phosphoethanolamine

50

L (-)-Pipecolinic acid

51

MFCD00042876

52

Indole-3-acetic acid

53

TG(18:2(9Z,127)/18:2(9Z,127)/20:1(11Z))[is03]

54

(24R)-30-Amino-27-hydroxy-27-oxido-21-0x0-22,26,28-trioxa-27lambda~5~-phosphatriacontan-24-yl (42,72,10Z,132,16Z,192)-4,7,10,13,16,19-docosahexaenoate

55

1730602

56

Choline

57

Cetrimonium

58

Bis(2-ethylhexyl) phthalate

59

2-[(11Z)-11-Icosenoyloxy]-3-[(9Z,127,157)-9,12,15-octadecatrienoyloxy]propyl (117,147)-11,14-icosadienoate

60

(2R)-3-{[(2-Aminoethoxy)(hydroxy)phosphoryl]oxy}-2-[(92)-9-hexadecenoyloxy]propyl (92)-9-hexadecenoate

61

Nicotinamide

62

(24R)-30-Amino-27-hydroxy-27-oxido-21-0x0-22,26,28-trioxa-27lambda~5~-phosphatriacontan-24-yl (4Z,77,107,137,167,197)-4,7,10,13,16,19-docosahexaenoate

63

(1's,2'S)-3',11'-dihydroxy-1',2' 5'-trimethy|-8'-oxaspiro[oxirane-2,12-tricyclo[7.2.1.0A? A=-]dodecan]-5'-en-4'-one

64

2-Amino-4-methylpyrimidine

65

N3,N4-Dimethyl-L-arginine

66

1-Oleoyl-2-hydroxy-sn-glycero-3-PE

67

4-Methyl-5-thiazoleethanol

68

4-Methyl-5-thiazoleethanol

Annot. Annot. Annot. # RSD
Source: Source: Del- RT Area | ChemSpi- # mzCloud | mzCloud # Usa- RSD QC Corr.
ID Formula - Calc. MW . mzCloud | Best | Best Match Areas MS2
mzCloud | ChemSpider | taMass [min] | (Max.) der Re- . ble QC QC Ar-
Results | Match | Confidence [%]
Search Search [ppm] sults eas [%]
1 | C40H78 N O8 P [No results| Full match | -0.21 |731.54635| 9.495 | 3.06E+10 3 0 13 15 15 |DDA for preferred ion
2 C55 H102 06 |[No results| Full match | -1.13 |858.76667| 32.815 | 1.14E+10 12 0 13 14 14 DDA for other ion
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Annot. Annot. Annot. # RSD
Source: Source: Del- RT Area | ChemSpi- # mzCloud | mzCloud # Usa- RSD QC Corr.
ID Formula : Calc. MW . mzCloud | Best Best Match Areas MS2
mzCloud | ChemSpider | taMass [min] | (Max.) der Re- R - ble QC 0 QC Ar-
esults | Match | Confidence [%]
Search Search [ppm] sults eas [%]

3 | C40 H80 N O8 P |Full match|Partial match| -0.39 |733.56187| 11.261 | 8.90E+09 10 1 92.7 9.6 13 11 11 |DDA for preferred ion
4 C57 H104 O6  |No results| Full match | -0.77 |884.78261| 32.795 | 8.81E+09 24 0 13 10 10 DDA for other ion
5 |[C38H76 N O8P |No results| Full match | -0.49 |705.53051] 9.28 |8.77E+09 8 0 13 11 11  |DDA for preferred ion
6 C53 H98 O6  |Noresults| Full match | -0.86 |830.73563| 32.195 | 8.06E+09 6 0 13 16 17 DDA for other ion
7 C55 H100 O6 |No results| Full match | -0.65 |856.75143| 32.189 | 6.28E+09 13 0 13 15 15 DDA for other ion
8 | C40H78 N O8 P |No results| Full match | -0.14 | 731.5464 | 9.806 |5.15E+09 3 0 13 13 13  |DDA for preferred ion
9 |C39 H79 N2 06 P|Full match| Noresults | -0.51 |702.56722| 9.228 | 4.10E+09 0 2 86.1 9.3 13 10 10 |DDA for preferred ion
10 | C41 H78 N O8 P |No results| Full match | -0.73 [743.54596| 12.277 | 2.98E+09 9 0 13 27 24 |DDA for preferred ion
11 | C6 H14 N4 02 |[Full match| Noresults | -0.76 |174.11154| 1.223 | 2.81E+09 0 6 98.7 94.7 13 12 11  |DDA for preferred ion
12 C51 H94 06 |[Noresults| Full match | -0.12 |802.70494| 31.51 | 2.52E+09 1 0 13 20 20 DDA for other ion
13 | C5H10N2 03 |Full match| Noresults | -0.27 | 146.0691 | 1.199 | 2.25E+09 0 6 95 73.9 13 22 22  |DDA for preferred ion
14 C8H11 N O3 |Full match| Noresults | -0.94 |169.07373| 1.145 | 2.07E+09 0 2 99.3 98 13 26 20 |DDA for preferred ion
15 |C16 H18 N2 O4 S|Full match| Noresults | -1.05 [334.09838| 1.216 | 1.97E+09 0 1 99.5 10 13 5 5 DDA for preferred ion
16 | C39 H74 N O8 P | No results| Full match | -0.72 |715.51469| 10.177 | 1.62E+09 1 0 13 11 11  |DDA for preferred ion
17 C6 HIN3 02 [Full match| Noresults | -0.12 |155.06946| 1.243 | 1.42E+09 0 2 99.9 98.9 13 16 16 |DDA for preferred ion
18 | C42 H84 N O8 P |No results| Full match | -0.93 |761.59275| 13.743 | 1.26E+09 9 0 13 8 8 DDA for preferred ion
19 | C39 H76 N O8 P |No results| Full match | -0.69 [717.53036| 12.192 | 1.17E+09 7 0 13 18 18 |DDA for preferred ion
20 C5H11 N O2 |Full match|Partial match| -1.01 |117.07886] 1.149 | 1.06E+09 3 5 875 9.4 13 12 11  |DDA for preferred ion
21 | C41H80 N O8P |Noresults| Full match | -0.8 [745.56156| 10.421 | 8.62E+08 11 0 13 17 17 |DDA for preferred ion
22 | C12 H16 N4 O S |Full match| Noresults | -1.09 [264.10419| 1.065 | 8.26E+08 0 1 100 10 13 14 14  |DDA for preferred ion
23 C4 HI9N3 02 |Full match| No results -0.4 [131.06942| 1.144 | 8.15E+08 0 2 50.8 411 13 14 12 |DDA for preferred ion
24 C18 H39 N  |Full match| Noresults | -1.02 |269.30798| 2.199 | 8.12E+08 0 4 97.1 9.9 13 11 9 DDA for preferred ion
25 |C15H20 N2 O3 S|Full match| Noresults | -0.99 |308.11916| 1.22 |7.75E+08 0 3 94.3 83.9 13 15 15 |DDA for preferred ion
26 | C43 H82 N O8 P |No results| Full match | -0.9 |[771.57711| 10.536 | 7.69E+08 11 0 13 15 14  |DDA for preferred ion
27 C5H7 N O3 |Full match| Noresults | -0.35 [129.04255| 1.196 | 6.94E+08 0 6 96.9 9.8 13 22 22 |DDA for preferred ion
28 | C41 H78 N O8 P [No results| Full match | -0.62 |743.54604| 12.397 | 6.71E+08 9 0 13 24 24 |DDA for preferred ion
29 C15H15NS |Full match] Noresults | -0.81 [241.09232| 1.19 |6.61E+08 0 1 86 9.3 13 13 12 |DDA for preferred ion
30 | C36 H72 N O8 P [No results| Full match | -0.61 |677.49914| 7.292 | 6.45E+08 6 0 13 12 12 |DDA for preferred ion
31 | C43 H78 N O8P |No results| Full match | -0.59 [767.54605| 12.376 | 5.78E+08 11 0 13 12 11  |DDA for preferred ion
32 [C42 H80 N 010 P|No results| Full match | -0.69 [789.55144| 14.408 | 5.72E+08 4 0 13 14 12 |DDA for preferred ion
33 | C43 H78 N O8 P [No results| Full match | -0.49 |767.54613| 11.853 | 5.43E+08 11 0 13 11 10 |DDA for preferred ion
34 | C6H14 N2 02 |Full match| Noresults | -0.38 [146.10547| 1.226 |5.40E+08 0 8 85.7 9.3 13 14 14 |DDA for preferred ion
35 | C39H76 N O7 P [No results| Full match | -0.88 |701.53533| 13.536 | 5.39E+08 1 0 13 10 9 DDA for preferred ion
36 C6 H6 N2 O |Full match| No results -0.9 [122.0479| 1.18 |5.01E+08 0 1 99.7 98.9 13 11 11  |DDA for preferred ion
37 | C41H76 N O8 P |No results| Full match | -0.55 [741.53044| 10.631 | 4.46E+08 2 0 13 11 11  |DDA for preferred ion
38 | C39 H78 N O8 P [No results| Full match | -0.58 |719.54609| 10.212 | 4.06E+08 9 0 13 12 12 |DDA for preferred ion
39 | C34H67 N O3 [Noresults| Full match | -0.13 |537.51202| 12.235 | 3.72E+08 1 0 13 14 13  |DDA for preferred ion
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Annot. Annot. Annot. # RSD
Source: Source: Del- RT Area | ChemSpi- # mzCloud | mzCloud # Usa- RSD QC Corr.
ID Formula : Calc. MW . mzCloud | Best Best Match Areas MS2
mzCloud | ChemSpider | taMass [min] | (Max.) der Re- - ble QC QC Ar-
Results | Match | Confidence [%]
Search Search [ppm] sults eas [%]

40 | C43 H74 N O8 P | No results| Full match | -1.03 |763.51442| 9.689 | 3.67E+08 1 0 13 13 13  |DDA for preferred ion
41 | C41H74 N O8 P | No results| Full match | -0.86 [739.51457| 10.165 | 3.51E+08 6 0 13 11 11  |DDA for preferred ion
42 | C40H77 N O8 |No results| Full match | -0.67 [699.56445| 10.088 | 3.40E+08 1 0 13 12 12 |DDA for preferred ion
43 |C40 H76 N O10 P|No results| Full match | -0.25 [761.52049| 11.752 | 3.12E+08 4 0 13 15 15 |DDA for preferred ion
44 | C45H78 N O8 P | No results| Full match | -0.75 [791.54591| 11.748 | 2.81E+08 1 0 13 12 12 |DDA for preferred ion
45 | C41 H78 N O8 P | No results| Full match | -1.09 |743.54569| 8.752 | 2.78E+08 9 0 13 15 14  |DDA for preferred ion
46 | C41 H80 N O8 P |No results| Full match | -0.75 |745.56159| 14.948 | 2.65E+08 11 0 13 11 11  |DDA for preferred ion
47 | C41 H76 N O8 P |No results| Full match | -0.87 |741.53021| 11.723 | 2.59E+08 2 0 13 11 11  |DDA for preferred ion
48 | C39H76 N O8 P |No results| Full match | -0.62 |717.53041| 8.57 |2.56E+08 7 0 13 11 11  |DDA for preferred ion
49 | C41H74 N O8 P |No results| Full match | -0.86 [739.51457| 9.836 | 2.52E+08 6 0 13 11 11  |DDA for preferred ion
50 C6 H11 N O2 |Full match| Noresults | -0.21 [129.07895| 1.209 | 2.46E+08 0 12 84.2 9.2 13 7 7 DDA for preferred ion
51 | C39 H78 N O8 P |[No results| Full match | -0.69 [719.54601| 9.871 | 2.09E+08 9 0 13 4 4 DDA for preferred ion
52 C10H9N O2 |Full match| Noresults | -0.48 |175.06324| 1.217 | 2.07E+08 0 2 46 7.3 13 9 9 DDA for preferred ion
53 C59 H104 O6 |No results| Full match | -1.92 |908.78154| 33.404 | 2.00E+08 33 0 13 9 9 DDA for preferred ion
54 | C48 H84 N O8 P |No results| Full match | -0.82 [833.59277| 11.087 | 1.94E+08 1 0 13 18 16 |DDA for preferred ion
55 | C37 H74 N O8 P [No results| Full match | -0.74 |691.5147 | 11.965 | 1.91E+08 6 0 13 9 8 DDA for preferred ion
56 C5H13NO |Full match| Noresults | -0.4 |103.09967| 1.079 | 1.89E+08 0 1 994 10 13 20 20 |DDA for preferred ion
57 C19H41 N  |Full match| Noresults | -0.75 |283.32369| 2.151 | 1.79E+08 0 1 93.3 9.7 13 10 9 DDA for preferred ion
58 C24 H38 O4  |Full match|Partial match| -1.05 | 390.2766 | 4.208 | 1.55E+08 53 27 95.2 74.3 13 11 11  |DDA for preferred ion
59 C61 H106 O6 [No results| Full match | -1.64 |934.79741| 33.348 | 1.40E+08 38 0 13 14 13 |DDA for preferred ion
60 | C37H70N O8P |Noresults| Full match | -0.4 [687.48363| 8.358 | 1.38E+08 2 0 13 11 11  |DDA for preferred ion
61 C6 H6E N2 O |Full match| Noresults | -0.96 |122.0479 | 1.066 | 1.35E+08 0 1 954 84.1 13 21 21  |DDA for preferred ion
62 | C48 H84 N O8 P |No results| Full match | -1.27 [833.59239| 9.824 | 1.32E+08 1 0 13 14 14  |DDA for preferred ion
63 C15H20 O5 |Full match| Noresults | -0.92 |280.13082| 1.365 | 1.24E+08 0 1 30.9 40.9 13 8 7 DDA for preferred ion
64 C5 H7 N3 Full match| Noresults | -0.61 |109.06393| 1.237 | 1.22E+08 0 1 58.9 424 13 16 15 |DDA for preferred ion
65 | C8H18 N4 02 |Full match| Noresults | -0.17 |202.14294| 1.122 | 1.08E+08 0 1 38.9 58.8 13 19 17 |DDA for preferred ion
66 | C23 H46 N O7 P [No results| Full match | -0.11 |479.30113| 2.024 | 1.07E+08 2 0 13 10 10  |DDA for preferred ion
67 C6HAINOS |Full match| Noresults | -0.09 |143.04047| 1.081 | 8.95E+07 0 1 99.3 97.6 13 11 11  |DDA for preferred ion
68 C6HINOS |Full match| Noresults | 0.09 |143.0405| 1.062 | 7.80E+07 0 1 99.3 97.6 13 5 4 DDA for preferred ion

S B, 8, 8, 3, 8, 8, 5, 8, 8, S, = =z = =, = /M >

S | g3 g2 | 82| 52| 2| 52| g2 | 82| 52| 82| 82| 85| S| 88| g2 | u=| 5| S| g2

2 28| 25| 25 2| 25| B0 2| 25| B0 2| 2| B 22| 2F | B0 20| 28| B £

° | % |58|EY|Eg|5g|Eg|5e|5e|5g | by | bg|bg|be|5s| 5e|be| BS|BE|Ek| 58
528|525 25|°5|°5\%5125|25|251%5|°5| %5258 25| %9 | %9 | 25| °8
O O O 8] 8] 8] O O O O g © g O ©
1 13F+06 | 70E+09 | 10E+10 | 10E+10 | 10E+10 | 682409 | LIEHI0 | 11EH10 | 10E+10 | 11E+10 | 9559 | 10E+10 | 3608 | 30E+10 | 40F+08 | 9809 | 1IFH9 | 18EHB | 27EHI0 | 83EHM




3 _g.sl.8I.BI.SI.BI.ESI.BI.BI.%I.S.I.g.%.5.:1'.:'.5.%_3

2 | EBg | B2 g2 |85 B2 B2 | BS g2 82 82| 82|85 g0 | BS | B2 8| 8 B EQ
D | 5 e |55 |55 |5Y B |50 | 5E |5 B |50 5|58 Ee|E0 |50 58| 5| s |EE

E|78|78|7 8| 8| 8| & 8| &8 & g &g| 8| | &8 &g 8| °8|°g|°8
2 88E+H06 | 24E+09 29E+09 286409 29E+9 256409 29E+9 306+ 16E+09 24E+09 2TE+09 29E+09 24E+08 11IE+10 2TE+08 2TE+09 265407 40EH07 69EHO | 27T+
3 1EH6 | 21EH9 30E+H09 30E+H09 326409 305+ 33EH0 33EH0 31EH9 319 30E+09 30E+09 14E+08 8TEH 146408 295409 33E+H9 17E+H08 6OEH)O | 26EH0
4 4507 186409 26609 2569 27E409 27E409 286409 286409 27E409 276409 28609 24409 186+08 86E+9 226408 256409 3507 S0EH07 T22+49 239
5 146406 186409 26609 279 265409 286409 286409 3059 27E409 266409 26609 26609 STEH07 86E+9 Q4E+07 256409 2159 6.7E+07 6509 239
6 LIEH7 | 97E+H8 20E+09 20E+09 20E+09 21E+9 20E+09 22B+9 18649 20E+09 186+09 20E+09 156408 TTEH9 166408 17E+9 T9E+06 43EH6 5IEH9 | 179
7 128407 | 12B+9 20E+09 19E+9 19E+9 21E+9 24E+9 20E+09 21E+9 186409 186+09 226409 10E+08 60E+09 11E+08 20E+09 14EH07 4TEHG 5TEH09 | 16EH09
8 68E+05 | L11E+9 17E+9 14E+9 16E+09 186409 17E+9 17E+9 17E+9 19E+09 166409 156409 34E+H07 50E+09 66E+07 156409 235408 20E+07 399 | 14E+09
9 126406 | 99E+08 14E+9 14E+9 156409 156409 16E+09 16E+09 146409 146409 146409 146409 20E+08 40E+09 226408 13E+H9 186409 226408 31EH9 | 139
10 1EH6 | 3868 66E+08 54E+08 TTE+H8 64E+08 TOE+08 6.3E+08 595408 60E+08 10E+09 62E+08 10407 265409 81E+06 53E+08 87E+)6 14E+07 15649 | 57E+H8
11 T2E+05 | 99E+08 11E+9 11E+9 11IE+9 12B+9 12B+9 13E+H9 12B+9 14E+09 11E+H9 11E+9 27TE+09 20E+07 19E+09 94E+08 12608 326406 266407 | 11EH09
12 63E+06 | 24E+08 57E+08 635408 59E+08 63E+08 TEE+08 66E+08 60E+08 62E+08 58E+08 56E+08 31EH07 246409 AAEH0T 51E+08 18E+06 37TEH06 15649 | 51E+H8
13 146406 | 15E+H9 126409 126409 12B+09 19E+09 23E+09 12B+9 156409 156409 126409 146409 166409 226408 146409 166409 29E+06 53E+06 23408 | 13FEH9
14 126406 | 12B+9 11E+9 13EH9 13E+H9 13E+H9 11E+9 12B+9 16E+09 156409 1965+09 92E+08 10E+09 1268407 59E+08 126409 T6E+06 33E+H06 106407 | 12B+9
15 156406 | TTEH8 83E+08 83E+08 91F+08 856408 93E+08 87E+08 89E+08 87E+08 84E+08 83E+08 81E+08 326406 1965+09 81F+08 T0E+06 14E+06 266406 | 84E+H08
16 O0E+05 | 39E+08 526408 556408 61E+08 56E+08 54E+08 58E+08 55408 60E+08 60E+08 54E+08 48EH6 14E+9 5TE+06 50E+08 226408 45EH06 16649 | 48E+8
17 10E+H06 3265408 51508 5508 59+08 405408 51508 5808 466408 445408 456408 426408 186+08 346 1309 5308 31EH6 11EH06 64E+H06 45408
18 80E+05 | 295408 386408 386408 41F+08 37EH08 395408 40E+08 37EH08 37EH08 36E+08 38E+08 30E+07 50E+08 34E+H07 36E+08 13EH9 3TEH7 38EH08 | 35EH08
19 85E+05 | 18EH08 295408 265408 286408 26E+08 306408 40E+08 306408 27TE+08 29E+08 286408 146406 126409 17TEH6 265408 20E+08 69E+06 68E+H08 | 24E+08
20 85E+06 | 54EH08 60E+08 526408 68E+08 51F+08 54E+08 526408 48F+08 BAE+08 | 4908 64E+08 56E+08 39507 10E+09 4808 LIEH07 13EHG 426407 | 61E+H08
21 86E+5 215408 286408 2308 305408 195408 286408 35+H08 295408 245408 2308 2908 33EH07 82408 37 245408 146408 165407 T4E+08 256408
22 266405 538 41508 49508 5308 5508 4808 5308 445408 54E+08 49508 6908 8408 457 12508 505408 536 14406 32507 4308
23 80E+05 | 465408 51F+08 43F+08 43F+08 55408 43F408 426408 4TEH08 4TEH08 54E+08 38E+08 27TE+08 T3E+H8 27E+08 38E+08 186407 246406 TIEH08 | 526408
24 186406 | 15E+H8 186408 19E+08 21E+08 186408 20E+08 21E+08 186408 22E+08 1965+08 186408 52E+05 12B+06 20E+06 186408 92E+08 4105 44E405 | 185408
25 53E+05 | 27E+H08 286408 27TE+08 286408 26E+08 306408 286408 286408 286408 286408 146408 T8E+08 T5E+05 T8E+08 286408 33EH07 53E+05 66E+H05 | 31EH08
26 926+5 135408 215408 205408 195408 235408 235408 245408 226408 226408 19408 19408 206 8008 33EH6 19408 20407 11EH07 6508 186408
27 64E+5 538 48508 15408 52608 5508 5808 5308 49508 4TEH08 50408 4TEH8 40E+08 9007 6808 48508 83F+H 166+H06 92607 426408
28 59E+05 | L17EH08 20E+08 246408 17E+08 20E+08 13E+H08 26E+08 27TE+08 16E+08 156408 126408 5TE+06 T2E+08 43EH06 20E+08 33E+H08 13EH7 41EH08 | 226408
29 49E+05 | 44E4H08 426408 445408 495408 43F408 366408 51E+08 445408 44E408 31E+08 41EH08 34E+08 196407 61E+08 44E+08 56E+06 39E+06 216407 | 46E+H08
30 185 15408 245408 2308 255408 246408 256408 265408 226408 235408 226408 215408 12206 64E+08 TG 226408 26608 51506 5808 226408
31 T4E+HB 105408 145408 145408 15408 145408 165408 165408 146408 15408 14E+08 15408 60+ 5608 126406 13E+08 3207 5906 4308 135408
32 10E+H06 116408 195408 186408 17E408 17E408 186408 17E408 165408 165408 166408 146408 12E+06 17E+08 15:+H06 166408 6308 15E+07 166408 165408
33 126406 | 92BH07 13E+H8 13E+H8 146408 13E+08 146408 146408 13E+H08 13E+08 13EH8 146408 17TEH06 53E+08 186406 126408 83E+05 17TEH6 38EH08 | 11EH08
34 166406 | 16E+08 21E+08 226408 256408 256408 24E+08 22E+08 23E+08 286408 26E+08 21E+08 53E+08 286406 41EH08 226408 17TEH6 166406 246406 | 195408
35 585 817 126408 11E408 11E408 9807 11E408 126408 11E408 11E408 11E+08 11E+08 44545 10EH06 FNIS3) 11E+08 5608 15:+H06 435 9307
36 6./E+5 41508 4808 4808 4TEH8 46608 505408 305408 445408 445408 456408 46408 378 SOEH07 8807 46408 O7TEH6 ATEH)6 9807 466408
37 126406 11E408 145408 15408 165408 165408 15408 15408 165408 145408 146408 15408 17EH06 445408 14406 13EH08 125406 T9HEHB 2908 146408
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3 -g.8|.8|.EBI.SI.BI.SI.BI.BI.a.QI.%.%_g_:il_a_ﬁa g e

2 | EBg | B2 g2 |85 B2 B2 | BS g2 82 82| 82|85 g0 | BS | B2 8| 8 B EQ
D | 5 e |55 |55 |5Y B |50 | 5E |5 B |50 5|58 Ee|E0 |50 58| 5| s |EE

E|78|78|7 8| 8| 8| & 8| &8 & g &g| 8| | &8 &g 8| °8|°g|°8
38 69E+05 | T7OEH07 10E+08 99E+07 12B+08 11E+08 12B+08 12B+08 11E+08 11E+08 11IE+08 92E+07 57E+06 40EH08 6.7E+06 08E+)7 T6EH07 63E+06 286408 | 97TEHO7
39 166406 | 62BH07 926407 926407 10E+08 10E+08 11E+08 11E+08 O8E+)7 10E+08 10E+08 10E+08 16606 35E+08 OTE+5 92E+07 51E+07 246406 286408 | 81EH)7
40 80E+HB 62507 116408 96EH07 QOEH7 10E408 11E408 11E408 10E408 106408 O08E+07 Q9EH07 56605 3608 81E+HH 9507 1226 98E+B 28608 86EH07
41 96E+HH 5807 STEH7 8OEH7 90EH07 90EH07 96EH07 OTEH7 8OEH07 88EH07 8807 90EH07 655 3408 615 S0EH07 446406 60+ 326548 T8EH07
42 1EH6 | 42BH07 66E+7 B4E+07 66E+07 65E+07 6.7E+07 T2EH7 60E+07 65E+07 63E+07 64E+07 86E+05 2TE+07 T8E+05 5TE+07 326408 8TE+5 186407 | 597
43 14EH6 | 66EH7 99E+07 12B+08 10E+08 11E+08 13E+H8 12E+08 11E+08 10E+08 11E+08 12608 O5E+05 30E+08 16E+06 OTEH07 OTEH07 45EH06 216408 | 89EH07
44 TAEH05 | 44EH07 68E+07 65E+07 68E+07 65E+07 TEH7 TIEH07 TEH7 65E+07 66E+07 69E+07 T+ 27TE+08 11IE+H06 64E+07 186407 46E+H05 1B 08 | 5TEH7
45 O03E+05 | 528407 TO0E+07 T5E+07 TEH7 T8E+07 85407 OTE+07 81E+07 81E+07 81E+07 84E+07 186406 27TE+08 27TE+06 69E+07 246406 53E+05 206408 | 65EH07
46 Q4E+05 | 128408 156408 13E+H8 16E+08 17E+08 156408 156408 13E+H08 13E+08 13EH8 13EH8 226406 27TE+08 21E+06 156408 27TE+08 85E+06 246408 | 14E408
47 82E+05 | 41EH07 60E+07 59E+07 60E+07 60E+07 66E+07 66E+07 60E+07 62E+07 61E+07 62E+07 56E+05 256408 50E+05 5TE+07 T2E+05 63E+05 206408 | 52BH07
48 82E+05 | 62EH07 89E+07 82E+07 86E+07 86E+07 10E+08 90E+07 94E+07 93E+H7 88E+07 85E+07 30E+06 235408 38E+06 81E+07 16607 12B+06 256408 | T6EH07
49 60E+05 | T76EH)7 91E+07 99E+07 10E+08 12E+08 11E+08 11E+08 88E+07 85407 98E+07 99E+07 45405 256408 43405 98E+07 55405 53E+05 186408 | 93EH7
50 37EH06 | 84EH07 99E+07 8TEH07 10E+08 Q9E+07 OTE+07 10E+08 90E+07 98E+07 10E+08 91E+07 246408 29E+06 156408 90E+07 23E+06 246406 206406 | 95EH07
51 TOEH05 | 7HEH07 TO0E+07 TAEH07 TOEH07 TEH7 T8E+07 81F+07 TREH07 80E+07 TAEH7 TTEH7 5TE+05 21E+08 54E+05 T3EH7 10E+08 56E+05 166408 | 73EHT7
52 5TE+05 | 80EH)7 91E+07 92E+07 O5E+07 92E+07 11E+08 O8E+)7 10E+08 93E+H7 92E+07 81E+07 12608 10E+06 20E+08 8TEH07 62E+05 T8E+05 66EH05 | 94EH07
53 15406 3807 4807 4707 426507 46607 4807 4907 4807 4707 49507 5407 13E+H06 205408 3256 A1EH)7 12406 12406 105408 426007
54 T8E+05 81E+07 10E+08 10E+08 11E+08 11E+08 12B+08 12B+08 11E+08 11E+08 10E+08 156408 10E+08 186408 126408 92607 44EH07 17 146408 93E+07
55 56E+05 33407 446407 426407 435407 426407 465407 435407 41E407 386407 445407 426407 44E+05 286407 43405 40EH07 20E+08 415 20E+07 39507
56 326405 | 11EH08 96E+)7 156408 O8E+07 T2EH07 146408 11E+08 90E+07 13E+08 13EH8 84E+07 186408 156408 186408 126408 41EH06 5E+05 156408 | 11E+08
57 69E+5 24507 33EH07 3407 3507 31EH7 326507 3407 31EH7 3007 3307 33EH07 186+H06 81E+HB 166+H06 30407 19408 166+H06 926+5 3007
58 58+5 20507 3907 4265407 4007 3TEH7 4407 4407 4107 3TEH7 40407 LIE7 12B+07 15E+08 128407 3807 14407 236 9607 3507
59 186406 | 31EHT7 386407 39E+07 395407 446407 36E+07 3TEH07 465407 48E407 33EH07 4307 38E+06 13EH8 166406 37TEH7 126406 126406 10E+408 | 3B5EH07
60 84E+05 286407 40E+07 40E+07 41E407 446407 446407 465407 426407 41E407 426407 426407 58E+05 13EH8 54E+05 39507 LIEH07 53E+05 11IE+08 35407
61 635405 | L11EH07 92E+06 12B+07 LIEH07 THEH6 95E+06 13EH7 14E+07 68E+06 LIEH07 145407 13EH6 126408 126406 LIEH07 T9E+B T8E+05 1EH8 | 93EH6
62 T4E+05 3007 5507 5507 5807 5307 5107 5507 56607 5307 5607 5507 12B+07 13E+H08 12B407 5007 226407 53F+H 126408 46607
63 40E+5 25607 3107 3107 33EH7 33EH7 326507 3007 3007 296407 3107 3007 38HH 505406 15H06 30107 13E+H08 5806 4156 3007
64 65E+05 | 36EH07 59E+07 58E+07 55407 59E+07 58E+07 TIEH07 S54E+07 66E+07 53E+07 46EH07 126408 82E+05 10E+08 536407 10E+06 56E+05 69E+05 | 54EH07
65 58E+05 | 36EH)7 426407 40E+07 36E+07 415407 33407 456407 2TE+07 426407 4307 5507 10E+08 265406 TOEH)7 39507 86E+H5 85E+05 40E406 | 34EH07
66 52645 22607 3007 20507 326107 317 3407 33EH7 286407 31EH7 3007 30107 35HH 10E+H08 31EHB 2807 386 ATEHB 817 28607
67 286+H5 5407 5807 5907 626407 5807 4307 4307 60E+07 635407 5807 5907 91EH07 T6EH06 3TEHT 507 926+B 625 4TEH6 5507
68 2665 5307 5807 5907 626407 5807 5907 61E+07 60E+07 63407 5807 5907 S0EH07 T6EH06 1507 5807 94E+B 645 4TEH6 56607
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Table S.11 — ES-2 EVs 11 lipid identifications using Compound Discoverer software in negative mode. Annot. Source — annotation source; Calc. MW — calculated molecular weight; RSD —
relative standard deviation; CCM — cell culture media. EB — Extraction blank.

AoLSare [AmdSare. AT ) mzOouiBes [#Us [RSD [RSD
ID|Nare Fomia  |mOod  |Chenide  |DeleVias &dcw Fr;n] (’?\‘A‘;) ’;m m m MechCorfi- |abe |QCA |Car.QC M2
Sach  |Smth o] de  |QC |exPd |Aespd
1 [40xoire GHINGS _ |Fdlmah  |Nomsds  |-L14  |120045|118 |329E409]0 1 w0 L |18 |18 |DDARpdmsdin
2 |Pachenicadd QHTNOG |Fllmah  |Nomsds | 1% |201104]119 |23E+09]0 2 |®5 o7 L |5 |5 |DDAfpemdin
3 | O{Hytoy ok og 3 Gerojoy oy ooy Lsaie CABHBINOIOP|Norsls |Fullmah |08 | 8065881 11473 | 10620 1 0 2 6 |5 |DDARpemdin
1 [55dmey 42 phenyeceylamindiey - 3hamknecabogicadd CHHONCRS|Fllmath  |Nowss |05 |3081191| 1201 |814E8]0 G 2 5 |5 |DDAfpeemdin
5| Dokl icrenolamie CALFTBNOBP |Nomsds  |Fulmah |05 |7435461| 2% |696EH8)9 0 2|9 |9 |DDAfpemdin
6 | LPamioy24indeoyiPE CROMNGBP |Nomsds  |Fulmah | 041 |7155149 10223 |61TEHB 1 0 2 |2 |2 |DDAfrpemdion
7 |DOGuEmie GHIONG3 |Fllmah  |Nomsds 0% |146060 |LI70 |A0E8]0 1 B | 0 |4 |4 |DDAfpemdin
8 |Pyidode BHIINOS |Flmah  |Nomsds |0 |1690737| 1204 [35IE48|0 2 B3 |3 L 8 |8 |DDAfpeEmdin
9 | Lserroyt2dkeoyl g0 3phophossie CRHBNOIOP|Nomsls |Fulmah |05 | 7895607 | 14190 [ 33E+08 4 0 2 |7 |6 |DDAfrpeemedion
10[50teanicaid HIO  |Nomsds  |Flmah 068 |1300609| 1182 |28E+08 4 0 2 |8 |19 |DDAfrpemdion
11| RY2-Amietyytogestoy oy miojoy) 2 ooyl (7)ot COHTBNOTP |Nosls  |Fulmath  |049 | 701535 13581 | 246648 |1 0 2 |4 |2 |DDAfpemdin
12] Loy 2okoytnglyceo 3 phophostenoeive CROMTBNCEP |Norsls  |Flmath |02 |7175006) 12243 | 216648 7 0 2 7 |5 |DDAfpemdin
18| Pyidode BHIINOS |Flmah  |Nomsds | 091 |1690737|L119 |106EB|0 2 B |m D |0 |2 |DbAfrpeenedion
| dActamidcbeoicaid QHONOS _ |Flmah  |Nomsds | 0% |179068L|L1%8 |185E+08|0 3 w6 |% L |8 |8 |DDAfpeEmdin
15| Lt O6HONB? |Fulmah  |Nomss |0 |155060R| 1249 | 154080 T 2 [0 |9 |DDAfrpemdin
16D pMelcadd G605 |Fllmah  |Nomsds | 0%  |134024] 1207 |LLEHB|0 3 B9 |w L B |2 |DoAfrpeemdion
17| CThveoricadd GBS |Fllmah  |Flmah |08 |1360671|L1% | 9602 1 |94 | © |4 |3 |DDAfpemdion
18] Paacsano BHONQ? _ |Flmah  |Nomsds |05 |15106%|1208 |82FE07 )0 1 % s L 0 |0 |DDAfrpeEmdin
D 1 eg | @ | e | en| en | eS| Q| Q| Q| €S| Q| €S| €S| €S| Q| €S| €S| €9
S| 5| 28| 58| 28| €| 2E| SE | 28 | 2E | 58| 5E | 38| 58| sE| 58| 8| 5
S a % o o o o o o o o % = o = o o o
(&) o (&) (&) (&S] &) o o (&) o [&] o [&] (&) (&) O
1 5 7E+06 | 7.7E+06 | 2.0E+08 | 1.8E+08 | 2.5E+09 | 2.4E+09 | 2.3E+09 | 2.3E+09 | 1.6E+09 | 2.2E+09 | 2.3E+09 | 2.3E+09 | 2.4E+09 | 3.3E+09 | 2.2E+09 | 2.1E+09 | 2.7E+09 | 1.8E+09
2 24AE+06 | 1.2E+06 | 4.0E+07 | 3.6E+07 | 1.8E+09 | 2.3E+09 | 6.5E+08 | 3.2E+08 | 6.5E+08 | 6.3E+08 | 6.3E+08 | 5.8E+08 | 6.2E+08 | 5.9E+08 | 6.1E+08 | 5.9E+08 | 5.6E+08 | 5.6E+08
3 | 276408 | 21E+07 | L1E+09 | LOE+09 | 46E+07 | 43E+07 | 48E+08 | 55E+08 | 5.2E+08 | A7E+08 | 48E+08 | 5.3E+08 | 5.1E+08 | 5.3E+08 | 5.3E+08 | 5.3E+08 | 53408 | A8E+08
4| 2.0E+07 | 34E+06 | 3.3E+06 | 33£+06 | B5E+08 | 7.7E+08 | 3.9E+08 | 3.8E+08 | 4.2E+08 | 38E+08 | 36E+08 | 35+08 | 38E+08 | 38E+08 | 40E+08 | 3.8E+08 | 3.9E+08 | 3.9E+08
5 1.3E+08 | 6.4E+06 | 7.1E+08 | 5.3E+08 | 4.3E+06 | 4.1E+06 | 2.2E+08 | 2.0E+08 | 2.1E+08 | 1.9E+08 | 2.2E+08 | 2.0E+08 | 2.0E+08 | 2.1E+08 | 2.1E+08 | 1.7E+08 | 2.4E+08 | 2.0E+08
6 9.0E+07 | 2.0E+06 | 6.3E+08 | 3.5E+08 | 2.6E+06 | 1.8E+06 | 2.0E+08 | 2.5E+08 | 2.1E+08 | 1.8E+08 | 1.9+08 | 1.8E+08 | 2.0E4+08 | 2.4E+08 | 1.8E+08 | 2.0E+08 | 2.2E+08 | 2.1E+08
7 34E+06 | 1.4E+06 | 4.3E+07 | 4.0E+07 | 3.9+08 | 4.1E+08 | 2.5E+08 | 2.8E+08 | 2.9E+08 | 2.9E+08 | 2.7E+08 | 2.5E+08 | 2.7E+08 | 2.8E+08 | 2.8E+08 | 2.8E+08 | 2.7E+08 | 2.7E+08
8 | 28E+06 | 30E+06 | 24E+06 | 24E+06 | 3.1E+08 | 35E+08 | 13E+08 | L2E+08 | L1E+08 | L1E+08 | L3E+08 | LOE+08 | 12E+08 | LOE+08 | L3E+08 | L3E+08 | L2E+08 | L2E+08

97




2 o = = g o 2 3 3 S 5 S 3 E = o
= @ = = = = I I I I | | | < | = | I
A __LLJI 8 8 8 8 ) ) ) ) ) ) ) Y, ) Y, . )
8> =S 8 S 8= 8> g = g = g = g = g = 8= 8= = 8= = = 8=
< <z I8 | 8| 8| =8| 0| 0| | | | | | | Q| 2| 0| =
D D D D [&] (&) O
ID S o - o) - T - T - T - T - O - O - O - O - O - O . O Neg . O Neg - O . O
EZ ES E E o E S E 4 E d E 4 E 4 E S E S E S E o E 4 E o E E
S | oCI S D@ S D [SERT) S D S D S D S D S D S D S D S D S S D S 2 S D S D
Z X Z = 5 = 5 =2 = Z = = = = = = <, = < = <, Z < = <, Z < = < = <
s oo <o co co e} oo oo oo o © o=} col o=} col oo' <o
© (@] i i — — — — — — — — — — — — — —
o o &) &) &) o o o &) (&) (&) &) (&) &) o (]

9 3.5E+08 | 9.0E+06 | 8.6E+07 | 6.6E+07 | 3.4E+05 | 2.7E+05 | 8.8E+07 | 9.0E+07 | 9.0E+07 | 85E+07 | 8.7E+07 | 8.2E+07 | 7.4E+07 | 8.7E+07 | 7.9E+07 | 8.9E+07 | 8.8E+07 | 9.0E+07
10 2.0E+06 | 1.3E+06 | 7.9E+05 | 9.1E+05 | 2.8E+08 | 2.9E+08 | 9.4E+07 | 9.8E+07 | 1.0E+08 | 6.3E+07 | 9.8E+07 | 7.4E+07 | 9.0E+07 | 5.0E+07 | 8.9E+07 | 8.6E+07 | 8.3E+07 | 1.0E+08
11 2.6E+08 | 1.0E+06 | 4.0E+05 | 2.0E+05 | 1.9E+05 | 19E+05 | 4.0E+07 | 3.9E+07 | 3.9E+07 | 3.8E+07 | 3.8E+07 | 3.9+07 | 3.6E+07 | 3.8E+07 | 3.9E+07 | 3.9E+07 | 3.9E+07 | 3.9E+07
12 13E+08 | 3.1E+06 | 2.3E+08 | 1.8E+08 | 1.4E+06 | 9.9E+05 | 1.4E+08 | 1.3E+08 | 1.3E+08 | 1.3E+08 | 1.4E+08 | 1.4E+08 | 12E+08 | 1.4E+08 | 1.2E+08 | 1.3E+08 | 1.3E+08 | 1.3E+08
13 5.9E+05 | 6.4E+05 | 1.7E+05 | 1.6E+05 | 5.0E+07 | 2.0E+08 | 49E+07 | 4.1E+07 | 51E+07 | 55E+07 | 5.0E+07 | 4.6E+07 | 4.3E+07 | 4.7E+07 | 3.6E+07 | 52E+07 | 4.6E+07 | 5.1E+07
14 14E+06 | 1.1E+06 | 8.1E+05 | 8.9E+05 | 1.8E+08 | 1.0E+08 | 9.3E+07 | 9.0E+07 | 6.9E+07 | 9.9E+07 | 8.9E+07 | 9.1E+07 | 9.5E+07 | 9.4E+07 | 8.9E+07 | 9.0E+07 | 9.2E+07 | 8.5E+07
15 17E+06 | 7.7E+05 | 2.6E+06 | 2.7E+06 | 1.7E+08 | 14E+08 | 1.1E+08 | 1.2E+08 | 1.1E+08 | 1.2E+08 | 1.4E+08 | 9.8E+07 | 1.3E+08 | 1.2E+08 | 1.2E+08 | 12E+08 | 1.1E+08 | 1.2E+08
16 2.9E+06 | 2.0E+06 | 3.8E+07 | 4.0E+07 | 1.0E+08 | 7.7E+07 | 9.5E+07 | 8.2E+07 | 7.5E+07 | 5.4E+07 | 1.0E+08 | 51E+07 | 7.7E+07 | 1.0E+08 | 6.7E+07 | 1.1E+08 | 7.5E+07 | 7.8E+07
17 5.6E+06 | 15E+06 | 9.3E+05 | 1.1E+06 | 1.0E+08 | 9.7E+07 | 56E+07 | 7.9E+07 | 8.6E+07 | 8.7E+07 | 74E+07 | 7.0E+07 | 8.4E+07 | 6.5E+07 | 8.3E+07 | 6.4E+07 | 6.9E+07 | 7.9E+07
18 9.2E+05 | 10E+06 | 7.7E+05 | 7.9E+05 | 8.1E+07 | 5.7E+07 | 36E+07 | 3.7E+07 | 2.6E+07 | 35E+07 | 34E+07 | 2.9E+07 | 3.3E+07 | 32E+07 | 34E+07 | 3.2E+07 | 3.3E+07 | 3.5E+07

Table S.12 — Input data for pathway enrichment analysis of ES-2 EVs 11 lipids using MetaboAnalyst software for amide column and both modes of ionization. Query — input compounds.
HMDB - Human Metabolome Database; KEGG — Kyoto Encyclopedia of genes and genomes. SMILES — Simplified molecular input line entry system.

Pub- |KE
Query Match HMDB Chem |GG SMILES
(9R)-6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphaheptacosan-9-y! (9Z)-9-octa- NA NA NA INA [NA
decenoate
Triglyceride POO,sn NA NA NA [NA [NA
DL-Dipalmitoylphosphatidylcholine NA NA NA [NA [NA
Triolein NA NA NA [NA [NA
(9R)-6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphaheptacosan-9-yl palmitate ~ |NA NA NA [NA [NA
TG(16:1(92)/16:1(92)/18:0)[is03 NA NA NA [NA [NA
TG(16:1(92)/18:1(92)/18:1(9Z))[is03 NA NA NA [NA [NA
Palmitoyl sphingomyelin NA NA NA [NA [NA
Dioleoylphosphatidylethanolamine NA NA NA [NA [NA
DL-Arginine L-Arginine DR 6322 | %% | c(C[C@@HIIC(=0)ONICN=CINN
TG(16:0/16:1(92)/16:1(92))[is03 NA NA NA [NA [NA
. . HMDB00 C00 _ _
DL-Glutamine L-Glutamine 00641 5961 064 C(CC(=0)N)[C@@H](C(=0)O)N
o o HMDBO0 C00 N~
Pyridoxine Pyridoxine 00239 1054 314 CC1=NC=C(C(=C10)CO)CO
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Pub-

KE

Query Match HMDB chem |G SMILES
Penicillin G Penicillin G HMDBO0 5904 C05 |CCL([C@@H](N2[C@H](S1)[C@@H](C2=0)NC(=0)CC3=CC=CC=C3)C(=0)0
15186 551 |)C

1-Palmitoyl-2-linoleoyl PE NA NA NA [NA [NA
L-Histidine L-Histidine B0 6a7a |20 |C1=CINC=NICIC@@HICEOJON
6-Hydroxy-6-oxido-12-0x0-5,7,11-trioxa-2-aza-6lambda~5~-phosphanonacosan-9-yl stearate NA NA NA [NA [NA

. . o HMDBO00 {52834 |C00 |CCCCCCCCCCCCCCCC(=0)OC[C@H](COP(=0)(0)OCCN)OC(=0)CCccccee
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine PE(16:0/18:1(92)) 08927 |96 350 lic=c\eceeceee

. . HMDBO00 C00

Betaine Betaine 00043 247 719 C[N+](C)(C)CC(=0)[0-]
1-stearoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine zwitterion NA NA NA [NA [NA
Thiamine Thiamine PIDB0011130 | 900 CCA=C(SCA{NHLCC2=CN=CIN=CAN)C)CCO

. . HMDBO0 C00 _ _
Creatine Creatine 00064 586 300 CN(CC(=0)0)C(=N)N

. . HMDBO00

Octadecanamine Octadecylamine 20586 15793|NA [CCCCCccececececeeeeN
5,5-dimethyl-2-{[(2-phenylacetyl)amino]methyl}-1,3-thiazolane-4-carboxylic acid NA NA NA [NA [NA
1,2-dioleoyl-sn-glycero-3-phospho-N,N-dimethylethanolamine NA NA NA [NA [NA
N1-phenethylbenzene-1-carbothioamide NA NA NA [NA [NA
tZaz;)Amlno-21-hydroxy-21-ox|do-15-oxo-16,20,22-tr|oxa—21Iambda~5~-phosphatetracosan-lB-yI palmi- NA NA NA INA [NA
L-stearovl-2-arachidonovl-sn-alvcero-3-shosphoethanolamine PE(18:0/20:4(52,82,11Z,|HMDB00 |52891|C00 |CCCCCCCCCCCCCCCCCC(=0)OC[C@H](COP(=0)(0)OCCN)OC(=0)CCC/C

y yI-Sn-glycero-o-pnosp 147)) 09003 |33 |350 |=C\cic=C\cic=CiCic=C\ceeee
) Py en. o : . HMDBO00 [59720|C02 |CCCCCCCCCCCCCCCCCC(=0)OC[C@H](COP(=0)(0)OC[C@@H](C(=0)[0-
1-stearoyl-2-oleoyl-sn-glycero-3-phosphoserine PS(18:0/18:1(92)) 10163 |717 [737 |[INH34])0C(=0)CCCCCCCIC=CICCCeeeee
DL-Lysine L-Lysine o 5962 | cconcic@@HIC0)ON
(2R)-1-{[(2-Aminoethyl)(hydroxy)phosphoryl]oxy}-3-(palmitoyloxy)-2-propanyl (92)-9-octadecenoate |NA NA NA [NA [NA
o S HMDBO00 CO0 | mq_~my—mne _
Nicotinamide Niacinamide 01406 936 153 C1=CC(=CN=C1)C(=O)N
1-oleoyl-2-linoleyl-sn-glycero-3-phosphoethanolamine NA NA NA [NA [NA
MFCD00042876 NA NA NA [NA [NA
Ceramide (418:1/16:0) Ceramide (418:1/16:0) 34“34%800 22835 i:;)é) gg)(:gCCCCCCCCCCCC(:O)N[C@@H](CO)[C@@H](/C:C/CCCCCCCCCCC
] N ] N N . PE(16:0/22:6(4Z,7Z,10Z,|HMDB00|95467|C00 |CCCCCCCCCCCCCCCC(=0)0C[C@H](COP(=0)(0)OCCN)OC(=0)CC/C=C\C/
1-hexadecanoyl-2-(42,7Z,10Z,13Z,16Z,19Z-docosahexaenoyl)-sn-glycero-3-phosphoethanolamine 137.162,197)) 08946 199|350 |c=clc/e=cio/c=Cic/c=C\c/o=Clce
1-hexadecanoyl-2-(5Z,87,117,14Z-icosatetraenoyl)-sn-glycero-3-phosphoethanolamine NA NA NA [NA [NA
N-[(2S,3R,4E)-1-(beta-D-erythro-Hexopyranosyloxy)-3-hydroxy-4-octadecen-2-ylhexadecanamide  |NA NA NA [NA [NA
1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-I-serine NA NA NA [NA [NA
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Pub- |KE
Query Match HMDB chem |G SMILES
) . ) . = . PE(18:0/22:6(42,72,10Z,|HMDB00|95467|C00 [CCCCCCCCCCCCCCCCCC(=0)0C[C@H](COP(=0)(0)OCCN)OC(=0)CCIC=
1-octadecanoyl-2-(42,72,10Z,132,16Z,19Z-docosahexaenoyl)-sn-glycero-3-phosphoethanolamine 132,162,192)) 00012 198|350 lo\cio=clc/c=C\c/c=C\C/o=C\C/C=C\CC
L()-Pipecolinic acid L-Pipecolic acid PHIDBI0 43922/ %0 | ccenfc@@HI(Cac(=0)0
TG(18:2(92,127)/18:2(92,122)/20:1(112))is03 NA NA NA [NA [NA
(24R)-30-Amino-27-hydroxy-27-oxido-21-0x0-22,26,28-trioxa-27lamhda~5~-phosphatriacontan-24-yl
(42,72,10Z,132,16Z,197)-4,7,10,13,16,19-docosahexaenoate NA NA NAINA INA
1730602 NA NA NA [NA [NA
. . HMDB00 C00
Choline Choline 00097 305 114 C[N+](C)(C)cCco
Cetrimonium NA NA NA [NA [NA
Bis(2-ethylhexyl) phthalate NA NA NA [NA [NA
ié[[j(i(le#é)igl-Icosenoyloxy]-a-[(gz,122,152)-9,12,15-octadecatr|enoyloxy]propyl (117,142)-11,14-ico- NA NA NA INA INA
gi?é)};;{tg(z-Ammoethoxy)(hydroxy)phosphoryl]oxy}-z-[(92)-9-hexadecenoyloxy]propyl (92)-9-hexa- NA NA NA INA [NA
(1'S,2'S)-'3',11"-dihydroxy-l',2',5'-trimethyl-8'-oxaspiro[oxirane-2,12'-tricyclo[7.2.1.0A,?,A¢A-A-]do- NA NA NA INA [NA
decan]-5-en-4'-one
2-Amino-4-methylpyrimidine NA NA NA [NA [NA
1-Oleoyl-2-hydroxy-sn-glycero-3-PE NA NA NA [NA [NA
. . METPAO co1
4-Oxoproline 4-Oxoproline 298 NA 877 NA
Pantothenic cid Panothenicacid |00 (6613 |17 |CC(C)(COIC(C(=OINCCC(=0)0)0
0O-{Hydroxy[2-(nonadecanoyloxy)-3-(stearoyloxy)propoxy]phosphoryl}-L-serine NA NA NA [NA [NA
D-(-)-Glutamine L-Glutamine o lsg61 | 907 |C(CCONC@@HIIC(=O)ON
5-Oxohexanoic acid NA NA NA [NA [NA
4-Acetamidobenzoic acid NA NA NA [NA [NA
D-(+)-Malic acid D-Malic acid 3H1“§1[’85°° 92824 fgf C([C@H(C(=0)0)0)C(=0)0
L-Threonic acid NA NA NA [NA [NA

Table S.13 — Pathway enrichment analysis of ES-2 EVs metabolites using MetaboAnalyst software for amide column and both modes of ionization. Expected — expected hits; hits —
observed hits; raw p — raw p-value; Holm p — p-values adjusted by the Holm-Bonferroni method; FDR — false discovery rates enrichment ratio — hits to observed ratio

total |expected|hits| Raw p |Holm p|FDR |Enrichment ratio
Betaine Metabolism 21| 0451 | 2 (0.0723] 1 1 4.43459
Methylhistidine Metabolism 4 100859 | 100833 1 1 11.64144
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total |expected | hits| Raw p |Holm p|FDR |Enrichment ratio
Urea Cycle 291 0623 | 2 10126| 1 1 3.210273
Glycine and Serine Metabolism 59| 127 |3]0128] 1 1 2.362205
Lysine Degradation 30| 0645 | 2(0133] 1 1 3.100775
Ammonia Recycling 32| 0688 | 2(0148] 1 1 2.906977
Biotin Metaholism 810172 11]016| 1 1 5.813953
Beta-Alanine Metabolism 34| 073 |2]0164] 1 1 2.739726
Aspartate Metabolism 350752 |2(0171] 1 1 2.659574
Thiamine Metabolism 910193 ]1]0178] 1 1 5.181347
Phenylacetate Metabolism 910193 ]1]0178] 1 1 5.181347
Nicotinate and Nicotinamide Metaholism| 37 | 0.795 | 2 {0187 | 1 1 2.515723
Phosphatidylethanolamine Biosynthesis | 12 | 0.258 | 1 {0231 1 1 3.875969
Methionine Metabolism 4310924 1 2]0235] 1 1 2.164502
Phosphatidylcholine Biosynthesis | 14 | 0.301 | 1 |0.264| 1 1 3.322259
Arginine and Proline Metaholism 53| 114 |2 (0317] 1 1 1.754386
Vitamin B6 Metabolism 20| 043 | 1]0355] 1 1 2.325581
Pantothenate and CoA Biosynthesis | 21| 0.451 | 1 ]0.369| 1 1 2.217295
Carnitine Synthesis 22| 0473 11]0383] 1 1 2.114165
Phospholipid Biosynthesis 29| 0623 | 1(0472] 1 1 1.605136
Amino Sugar Metaholism 3310709 | 1]0517] 1 1 1.410437
Histidine Metaholism 4310924 | 1]0615] 1 1 1.082251
Glutamate Metabolism 49| 105 | 1/0664] 1 1 0.952381

Warburg Effect 58| 125 | 10727 1 1 0.8

Pyrimidine Metabolism 50| 127 |1]0733] 1 1 0.787402
Puring Metabolism 741 159 |1]0811) 1 1 0.628931
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