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Abstract

Mesenchymal stem cells (MSC) represent an impressive opportunity in term of regenerative
medicine and immunosuppressive therapy. Although it is clear that upon transplantation MSC exert
most of their therapeutic effects through the secretion of bioactive molecules, the effects of a pro-
inflammatory recipient environment on MSC secretome have not been characterized. In this study,
we used a label free mass spectrometry based quantitative proteomic approach to analyze how pro-
inflammatory cytokines modulate the composition of the human MSC secretome. We found that
pro-inflammatory cytokines have a strong impact on the secretome of human bone marrow-derived

MSC and that the large majority of cytokine-induced proteins are involved in inflammation and/or
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angiogenesis. Comparative analyses with results recently obtained on mouse MSC secretome
stimulated under the same conditions reveals both analogies and differences in the effect of pro-
inflammatory cytokines on MSC secretome in the two organisms. In particular, functional analyses
confirmed that tissue inhibitor of metalloproteinase-1 (TIMP1) is a key effector molecule
responsible for the anti-angiogenic properties of both human and mouse MSC within an
inflammatory microenvironment. Mass spectrometry data are available via ProteomeXchange with
identifier PXD005746

Significance

The secretion of a broad range of bioactive molecules is believed to be the main mechanism by
which MSC exert specific therapeutic effects. MSC are very versatile and respond to specific
environments by producing and releasing a variety of effector molecules. To the best of our
knowledge this is the first study aimed at describing the secretome of human MSC primed using a
mixture of cytokines, to mimic pro-inflammatory conditions encountered in vivo, by a quantitative
high-resolution mass spectrometry based approach. The main output of the study concerns the
identification of a list of specific proteins involved in inflammation and angiogenesis which are
overrepresented in stimulated MSC secretome. The data complement a previous study on the
secretome of mouse MSC stimulated under the same conditions. Comparative analyses reveal
analogies and differences in the biological processes affected by overrepresented proteins in the two
organisms. In particular, the key role of TIMP-1 for the anti-angiogenic properties of stimulated
MSC secretome already observed in mouse is confirmed in human. Overall, these studies represent
key steps necessary to characterize the different biology of MSC in the two organisms and design

successful pre-clinical experiments as well as clinical trials.

Keywords: secretome; MSC; stem cells; mass spectrometry; TIMP-1

1. Introduction

Mesenchymal stem cells (MSC) are a heterogeneous population of adherent cells with a self-
renewable capacity and with a wide distribution in an adult organism; indeed, they can be isolated
from several adult tissues including bone marrow, adipose tissue, kidney and liver [1].

As multipotent progenitor cells, depending on the stimulus and the culture conditions employed,
MSC are able to differentiate into various cell types, especially of the mesodermal lineage. The

maintenance of stem cell subsets in adult tissues has been suggested as the physiological role of
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MSC, especially in the context of bone marrow. The localization of MSC in vivo indicates that they
are fundamental components of the perivascular niche, controlling maintenance and trafficking of
Hematopoietic Stem Cells (HSC) and immune cells [2].

Besides their physiological role, MSC represent an impressive opportunity in term of regenerative
medicine and immunosuppressive therapy. Indeed, in vitro studies demonstrated the ability of MSC
to inhibit proliferation and activation of a large number of immune cells such as T cells, B-cells,
natural killer cells (NK) and dendritic cells (DC) [3]. The secretion of a broad range of bioactive
molecules is now believed to be the main mechanism by which MSC exert specific effects [4].
Thus, it has become increasingly important to achieve a complete qualitative and quantitative
characterization of MSC secretome by —omics approaches, as confirmed by the large number of
recent studies aimed at characterizing the secretome of MSC primed under different conditions [5-
18]. Indeed, several studies have demonstrated that MSC are very versatile and respond to the
environment by producing and releasing a variety of effector molecules [19]. This is a crucial issue
when considering MSC-based therapy, because the biological activity of the transplanted cells will
be strongly influenced by the inflammatory status of the host [20]. In this regard, we have recently
published a paper reporting the employment of a high-throughput proteomic approach to detect the
specific proteins whose expression is modulated when mouse MSC (mMSC) are primed by pro-
inflammatory cytokines [21]. The main result of our study was the observation that pro-
inflammatory stimulation results in up-regulation in the mMSC secretome of a number of both pro-
and anti-angiogenic proteins. Amongst the latter, TIMP-1 - an endogenous inhibitor of
metalloproteinases - was pinpointed as a key factor for the anti-angiogenic and anti-inflammatory
effects exerted by the stimulated mMSC [21].

Human MSC (hMSC) are currently being tested in a wide range of clinical settings, mainly in
autoimmune diseases (multiple sclerosis, rheumatoid arthritis, Crohn’s disease, etc.), graft-versus-
host disease (GvHD), wound repair, ischaemia/stroke, liver diseases and HSC engraftment. Despite
the large number of ongoing clinical trials, the demonstration of a beneficial effect from hMSC in
large placebo-controlled trials remains elusive. In some cases, hMSC have even been reported to
lead to the exacerbation of disease symptoms [22, 23]. Among the reasons responsible for this
inconsistency, there might be differences in the responses of mouse and human MSC to the
inflammatory milieu. Indeed, pre-clinical experiments in mice that are based on the use of either
human or mouse MSC have important limitations: when human cells are transplanted in the mouse,
it is possible that some of the cross-talks between MSC and the host are impaired and that this may
strongly affect the therapeutic effects of MSC transplantation; on the other hand, mMMSC may have
different biological properties than hMSC. Understanding the biology of human and mouse MSC is

3
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therefore necessary to design and perform successful pre-clinical experiments as well as clinical
trials.

To the best of our knowledge, the present study reports for the first time a quantitative proteomic
characterization of the secretome of human, bone marrow-derived MSC primed with pro-
inflammatory cytokines. Proteomic analyses were conducted under exactly the same conditions
used in our previous investigation on mMSC in order to avoid variations with methodology,
allowing direct comparative analysis between the results obtained with the two organisms.

2. Material and methods

2.1 Isolation of mMMSC

mMSC were isolated as described [21] by flushing the femurs and tibias from 8 week-old,
C57BI/6N female mice and cultured in 25 cm? tissue culture flasks at a concentration of 2X10°
cells/cm? using complete Dulbecco modified Eagle medium low glucose (DMEM, Lonza, Braine-
L’Alleud, Belgium) supplemented with 20% heat inactivated fetal bovine serum (Biosera, Ringmer,
United Kingdom), 2 mM glutamine (Lonza), 100 U/mL penicillin/streptomycin (Lonza). Cells were
incubated at 37°C in 5% CO.. After 48 hours, the non-adherent cells were removed. After reaching
70-80% confluence, the adherent cells were trypsinized (0.05% trypsin at 37°C for 3 minutes),
harvested and expanded in larger flasks. MSC at passage 10 were screened by flow cytometry for
the expression of CD106, CD45, CD117, CD73, CD105, MHC-I, SCA-1 and CD11b and used to

perform experiments (BD Pharmingen, Oxford, UK).

2.2 Collection of conditioned medium (CM) of mMSC

mMSC were plated as described [21] and let grow until confluence in ventilated cap flask. Growth
medium was substituted with DMEM low glucose supplemented with 10% FBS, 2 mM glutamine,
100 U/mL penicillin/streptomycin, with (st mMSC) or without (unst MMSC) 25 ng/mL miL1b, 20
ng/mL mIL6, 25 ng/mL mTNFa for 24 hours. After three washes in DMEM low glucose, the
medium was changed with DMEM low glucose supplemented with 2 mM glutamine, 100 U/mL
penicillin/streptomycin for the following 18 hours. Conditioned medium was harvested and

centrifuged at 4000 rpm for 10 min.

2.3 Isolation of hMSC
hMSC were provided by Orbsen Therapeutics Ltd (Galway, Ireland). Ethical approvals are granted
from the NUIG Research Ethics Committee and the Galway University Hospitals Clinical Research

4
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Ethics Committee (CREC). Briefly, bone marrow was harvested from volunteers, and the cell
culture was set up as previously described [24]. hMSC were characterized according to international
guidelines [25]. All samples were obtained with informed consent. Procurement of the sample
conformed to European Parliament and Council directives (2001/20/EC; 2004/23/EC).

2.4 Collection of conditioned medium (CM) of hMSC

hMSC were plated in with MEM Alpha with Glutamax supplemented with 10% FBS, 2 mM
glutamine, 100 U/mL penicillin/streptomycin and let grow until confluence in in a humidified
incubator with 5% CO> and 37°C. At the moment of the confluence, medium was substituted with
MEM Alpha with Glutamax supplemented with 2% FBS, 2 mM glutamine, 100 U/mL
penicillin/streptomycin, with (st h(MSC) or without (unst hMSC) 25 ng/mL hIL1b, 20 ng/mL hIL6,
25 ng/mL hTNFa. 24 hours later, after three washes in MEM Alpha with Glutamax, the medium
was changed with MEM Alpha with Glutamax supplemented with 2 mM glutamine, 100 U/mL
penicillin/streptomycin for the following 18 hours. Conditioned medium was harvested and
centrifuged at 4000 rpm for 10 min.

2.5 Endothelial Cell lines

SVEC4-10 (ATCC #CRL-2181 Manassas, VA), an endothelial cell line from murine axillary lymph
nodes, was cultured in a humidified incubator with 5% CO and 37°C, in DMEM (ATCC 30-2002
Manassas, VA) supplemented with 10% heat-inactivated FBS, 1% penicillin and streptomycin.
Human Umbilical Vein Endothelial Cells (HUVEC, Lonza C2519A) were cultured in a humidified
incubator with 5% CO, and 37°C with EBM-2 Basal Medium supplemented by EGM-2 BulletKit
(CC-3156 & CC-4176). All the plastics used for HUVEC culture were pre-coated with 0.2% gelatin
in H20 (37°C for at least 2 hours). Cells were subcultured using 0.05% trypsin, 0.02% EDTA

solution.

2.6 Tube formation assay SVEC4-10

Matrigel Matrix (Corning) was thawed overnight at 4°C. Tips and 96-well plates flat bottom were
pre-chilled overnight before performing the experiment. The day of the assay, 80 pl of Matrigel
were seeded in the 96-well plate and left to polymerize at 37°C, 5% CO for at least 30 minutes.
1,5x10% SVEC4-10 were first suspended in 100pl of MSC-CM, supplemented with 10% FBS, alone
or with anti-TIMP-1 (AF980 R&D) at the final concentration of 5 ug/mL, and then seeded on the
solidified matrix. The formation of the tube networks develops in 4 hours at 37°C 10% CO..
DMEM low glucose supplemented with 10% heat-inactivated FBS were used as positive control. At
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the end of the incubation, cell tubes were imaged with a phase contrast inverted microscope at 4x

objective magnifications and analysis was performed with ImageJ Angiogenesis Analyzer.

2.7 Tube formation assay HUVEC

Matrigel Matrix (Corning) was thawed overnight at 4°C. The day of the assay, 100 ul of Matrigel
were seeded in the 96-well plate and left to polymerize at 37°C, 5% CO- for at least 30 minutes.
2x10* HUVEC were first suspended in 100 pl of hMSC-CM, supplemented with 10% FBS, alone or
with anti-TIMP-1 (AF970 R&D) at the final concentration of 5 ug/mL, and then seeded on the
solidified matrix. The formation of the tube networks develops in 4 hours at 37°C 10% CO..
MEMalpha supplemented with 10% heat-inactivated FBS were used as positive control. At the end
of the incubation, cell tubes were imaged with a phase contrast inverted microscope at 4x objective

magnifications and analysis was performed with ImageJ Angiogenesis Analyzer.

2.8 Isolation and Differentiation of Mouse Bone Marrow—Derived Monocytes

Bone marrow cell suspensions were obtained by flushing femurs and tibias of 8- to 12-week-old
C57BI/6N mice (Charles River; Sulzfeld, Germany) with complete DMEM low Glucose
supplemented with 10% FCS, 1% Pen/Strep and 1% L-Glutamine. Possible cellular aggregates were
removed by pipetting and red cells were eliminated through ACK lysis buffer (10-548E, Lonza).
Cells were washed twice with medium, seeded on 24-well plates (Corning Costar; Schiphol-Rijk,
the Netherlands) at the concentration of 108cells/mL and maintained in a humidified incubator with
5% COzand 37°C.

Cells were supplemented with 20 ng/mL mM-CSF as positive control, or cultured in mMSC-CM
supplemented with 10% FBS. MSC-CM and mM-CSF were replaced three days later. Cells were
harvested five days later by gentle pipetting and repeated washing with phosphate buffered saline

(PBS), and 2 mM EDTA. Monocytes differentiation was analysed by flow cytometry.

2.9 Isolation and differentiation Human Blood-Derived Monocyte

Peripheral Blood Monocyte Cells (PBMCs) from healthy donors were isolated by centrifugation on
Ficoll-Paque solution and placed on Percoll 46% vol/vol solution (Amersham Biosciences) in
RPMI 1640-10% FCS and 4 mM. Monocytes were harvested, resuspended in medium-2% FCS,
and let to adhere to plastic (1 hour at 37°C) in order to eliminate contaminating lymphocytes. For
macrophage differentiation, 3x10° monocytes were seeded in 24-well plates with MEMalpha

supplemented with 20% FBS in the presence of 100 ng/mL h-M-CSF as positive control, or they
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were cultured in hMSC-CM plus 20% FBS. After five days of differentiation, monocyte-derived
macrophages were analysed by flow cytometry using CD14 staining.

2.10 Flow Cytometry analysis

The expression of macrophage surface markers was evaluated by Flow Cytometry analysis. Briefly,
cells were washed and stained in PBS supplemented with 2% fetal calf serum. After 20 minutes of
incubation at 4°C with Purified Rat Anti-Mouse CD16/CD32 (Mouse BD Fc BlockTM 553142),
fluorescent antibodies were diluted in PBS supplemented with 2% fetal calf serum, to identify
mouse macrophages (CD11b:PeCy7 BD 552850 and F4/80:Alexa Fluor® 488 BioRad MCA497F)
and human macrophages (CD14: PE R&D FAB3832P). Cell viability was assessed with the
Live/Dead Fixable Aqua Dead Cell Stain Kit (Invitrogen), following the manufacturer’s
instructions. After the final wash, cells were fixed in 1% paraformaldehyde and acquired with the
BD FACSCanto™ II system. Post-analysis of flow cytometry data was performed using FlowJo™
software (Tree Star Inc.).

2.11 ELISA-Assay

To detect M-CSF and TIMP-1 concentration in MSC-CM, ELISA assays were performed following
the manufacturer’s instruction (for human, M-CSF DuoSet ELISA DY216 and TIMP-1 DuoSet
ELISA DY970; for mouse, M-CSF DuoSet ELISA DY416 and TIMP-1 DuoSet ELISA DY980).

2.12 LC-ESI MS/MS analysis

Five technical replicas, including steps for sample preparation and mass spectrometric analysis,
were performed for each sample (st AIMSC-CM from patient H30, unst hMSC-CM from patient
H30, st AMSC-CM from patient H34, unst hMSC-CM from patient H34).

Proteomic analyses were performed as described [21]. Briefly, proteins were precipitated with 10 %
tricholoracetic acid for 2 h on ice, reduced, carbamydomethylated and digested with trypsin
sequence grade trypsin (Roche) for 16 h at 37 °C using a protein:tripsin ratio of 50:1. Nano LC-
ESI-MS/MS analysis was performed on a Dionex UltiMate 3000 HPLC System with a PicoFrit
ProteoPrep C18 column (200 mm, internal diameter of 75 um) (New Objective, USA) Gradient:1%
ACN in 0.1 % formic acid for 10 min, 1-4 % ACN in 0.1% formic acid for 6 min, 4-30% ACN in
0.1% formic acid for 147 min and 30-50 % ACN in 0.1% formic for 3 min at a flow rate of 0.3
ul/min. The eluate was electrosprayed into an LTQ Orbitrap Velos (Thermo Fisher Scientific,
Bremen, Germany) through a Proxeon nanoelectrospray ion source (Thermo Fisher Scientific). The
LTQ-Orbitrap was operated in positive mode in data-dependent acquisition mode to automatically
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alternate between a full scan (m/z 350-2000) in the Orbitrap (at resolution 60000, AGC target
1000000) and subsequent CID MS/MS in the linear ion trap of the 20 most intense peaks from full
scan (normalized collision energy of 35%, 10 ms activation). Isolation window: 3 Da, unassigned
charge states: rejected, charge state 1: rejected, charge states 2+, 3+, 4+: not rejected; dynamic
exclusion enabled (60 s, exclusion list size: 200). Data acquisition was controlled by Xcalibur 2.0
and Tune 2.4 software (Thermo Fisher Scientific).

Mass spectra were analyzed using MaxQuant software (version 1.3.0.5) [26]. The initial maximum
allowed mass deviation was set to 6 ppm for monoisotopic precursor ions and 0.5 Da for MS/MS
peaks. Enzyme specificity was set to trypsin, defined as C-terminal to arginine and lysine excluding
proline, and a maximum of two missed cleavages were allowed. Carbamidomethylcysteine was set
as a fixed modification, N-terminal acetylation and methionine oxidation as variable modifications.
The spectra were searched by the Andromeda search engine against the human UniProt sequence
database (release 2014 _01). Protein identification required at least one unique or razor peptide per
protein group. Quantification in MaxQuant was performed using the built in X1C-based label free
quantification (LFQ) algorithm [27] using fast LFQ. The required false positive rate was set to 1%
at the peptide and 1% at the protein level, and the minimum required peptide length was set to 6

amino acids.

2.14 Statistical and bioinformatics analyses

Statistical analyses were performed using the Perseus software (version 1.4.0.6 [28]). Only proteins
present and quantified in at least 3 out of 5 technical repeats were considered as positively identified
in a sample(st hAMSC-CM from patient H30, unst h(MSC-CM from patient H30, st A(MSC-CM from
patient H34, unst hMSC-CM from patient H34). T-test analysis of stimulated versus unstimulated
technical replicas were conducted separately for samples from the two patients. Comparing the
results obtained in the two analyses, proteins were considered differentially expressed in stimulated
samples if they were present only in st- or in unst- hMSC-CM or showed significant t-test p-value
(cut-off at 1% permutation-based False Discovery Rate) in both patients.

Proteins listed in Tables 1 and 2 and Supplemantal Table 2 were considered secreted or involved in
inflammation/angiogenesis according to the following databases/datasets: Gene Ontology [29],
NextProt [30], UniProt [31], Gene Cards [32], datasets [6, 8] and manual literature mining.
Bioinformatic analyses were carried out by DAVID software (release 6.7) [33]. GOBP and groups
were filtered for significant terms (modified Fisher exact EASE score p value <0.05 and at least five

counts). Networks of up-regulated proteins in st hMSC-CM involved in inflammation or
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angiogenesis was performed using String [34] (active interactions: text mining, experiments,
databases).

The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium
via the PRIDE [35] partner repository with the dataset identifier PXD005746.

3. Results and Discussion

3.1 Proteomic characterization of hMSC secretome

Fig. 1 summarizes the results of the proteomic characterization of secretome of hMSC before and
after stimulation with inflammatory cytokines; 497 proteins were present in at least 3 out of 5
technical replicas in at least one stimulation condition (stimulated or unstimulated) in both patients
(donors H30 and H34). These proteins are listed in Supplemental Table 1, together with their main
identification parameters. Fig.1A highlights the number of proteins detected in stimulated human
MSC conditioned medium (st hMSC-CM) and unstimulated human MSC conditioned medium (unst
hMSC-CM). Amongst the 465 proteins identified in st hMSC-CM (proteins in groups 1, 2, 4 and 5
of Supplemental Table 1), 133 are listed as cytokine or chemokine or functionally related to these

classes of compounds according to the NextProt database [30].

3.2 Proteins up-regulated in stimulated hMSC-CM

Since MSC enhance their therapeutic efficacy following priming by cytokines [36, 37], analyses
were focused on proteins overrepresented or present only in st hMSC compared to unst hMSC
secretome; 39 proteins are present only in st h(MSC-CM, while 426 are common to stimulated and
unstimulated hMSC-CM (Fig. 1A); statistical analysis of the common proteins indicates that 57
proteins are overrepresented in st hMSC-CM (according to t-test -p-value, cut-off at 1%
permutation-based False Discovery Rate). Overall, 96 proteins are up-regulated or present only in st
hMSC-CM in both patients (Table 1, which reports the t-test p-values and t-test difference for each
protein in each patient). Fig. 1B, showing the t-test differences calculated for each patient for the 57
up-regulated proteins present in both st- and unst-hMSC-CM , allows detecting proteins highest
increase in abundance in in stimulated versus unstimulated hMSC-CM in each patient. A Pearson
correlation coefficient R=0.73 was calculated from data in Fig. 1B.

All proteins listed in Table 1 are predicted to be potentially secreted/extracellular/included in
exosomes according to annotations in Gene Ontology [29] or NextProt [30] or UniProt [31] or Gene

Cards [32]) or in datasets [6, 8] or from manual literature mining.
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70% and 64% of up-regulated proteins in st hMSC-CM are involved in inflammation or
angiogenesis, respectively (Table 1). The extended network of interactions amongst inflammation-
or angiogenesis-related proteins up-regulated in st A(MSC-CM according to available experimental
evidence, database and literature information is shown in Fig. 2. A number of proteases (BMP1,
CI1R, C1S, CFB, CTSB, MMP1, MMP2, MMP3, MMP10 MMP13, PSMA5, PSME2, QPCT) and
protease inhibitors (C3, COL7A1L, FBLN1, FN1INHBA, ITIH2, SERPINB2, SERPINEL, TIMP1)
are up-regulated in st A(MSC secretome, strengthening our suggestion that a fine but complex tuning
of proteolytic activity is a key mechanism regulating MSC effects on angiogenesis and tissue
remodeling [21]. In particular, MMPs are presently considered not only effectors but also regulators
of a number of biological processes since they can activate, inactivate or antagonize the biological
functions of growth factors, cytokines and chemokines by proteolytic processing and thus either
promote or suppress inflammation and angiogenesis [38. 39]. Notably several protease/protease
inhibitors listed above are amongst the proteins showing large quantitative differences in stimulated
vs unstimulated hMSC-CM (Table 1, Fig. 1B and Fig. 2).

Since it has been established that tissue origin, growth and stimulation conditions may influence the
type and quantity of proteic components of MSC secretome [16], we compared the list of up-
regulated proteins in st hMSC-CM with those reported in recent studies performed using a similar
mass spectrometry based quantitative proteomic approach on human MSC. Supplemental Table 2
confirms that different stimulation conditions lead to up-regulation of largely different sets of
proteins. Notably, 24 proteins (25%, highlighted in Supplemental Table 2) detected as up-regulated
in our study were overrepresented also in the secretome of MSC deriving from a different adult
tissue (adipose tissue) stimulated with TNF-a [11]. This finding provides new experimental
evidences at the molecular level supporting the notion that the type of stimulus has a major
influence on MSC secretome. As expected, considering the stimulating agent, 22 out of 24 common

overrepresented proteins are related to inflammation and/or angiogenesis (Supplemental Table 2).

3.3 Proteomic based comparison between mouse and human MSC-CM

In our previous work, we took advantage of animal models to elucidate the molecular pathway
involved in effects of mMMSC on the complex crosstalk between inflammation and angiogenesis
[21]. Because it is widely accepted that significant differences exist between mouse and human
MSC [36, 40], and because of the tremendous relevance of inflammation-induced angiogenesis in
human diseases, we focused our attention on comparing mouse and human MSC secretome. The
proteomic results of the present study were therefore compared with those reported for mMSC-CM
[21]. Supplemental Table 1 lists the 286 proteins (out of 465, 62%) present in st AMSC-CM that

10
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have been detected also in st MMSC-CM. The number of proteins significantly up-regulated or
present only in the secretome of stimulated MSC is similar in the two species: 89 in mouse (Table
S2 of [21]), 96 in human (Table 1). A comparative analysis of GO_BP category enrichment of
overrepresented proteins in human and/or mouse (Fig. 3) suggests that: a) proteins up-regulated in
the secretome of stimulated MSC from both organisms are, for the most part, involved in similar
biological processes, mainly related to defense, immune and inflammatory response, chemotaxis
and extracellular matrix remodeling; b) however there are clear important differences among human
and mouse. Thus, only st MMSC-CM is enriched in proteins involved in chromatin structure
assembly, cell proliferation regulation and related processes. On the contrary, complement
activation, leukocyte migration, bone development and metabolic processes specifically related to
collagen are amongst the statistically enriched GO functional categories in human but not in mouse.
Such differences are confirmed by the observation that only 23 proteins are up-regulated or present
only in stimulated MSC-CM both in mouse and human (Table 2); this again points to a fine species-
related tuning of the overall effects of secretome from the two organisms; interestingly, our analysis
indicates that 74 % and 83% of the common up-regulated proteins are associated with angiogenesis

or inflammation, respectively.

3.4 Functional evidence of human and mouse MSC secretome similarities or differences

Our proteomic results indicate that the majority of secreted proteins from both human and mouse
MSC are associated with inflammation and angiogenesis (Table 1 and [21]). To identify specific
functional analogies or differences of human and mouse MSC in the regulation of these two
important processes, we focused on two proteins, M-SCF/CSF1 and TIMP1, which are present in st
MSC-CM of both species and play a key role in immunity/inflammation and angiogenesis,

respectively [41, 42].

3.4.1 Macrophage colony-stimulating factor (M-CSF)

M-CSF is a growth factor secreted by a large variety of cells including macrophages, endothelial
cells, fibroblast and lymphocytes. By interacting with its membrane receptor (CSF1R or M-CSF-R),
it stimulates the survival, proliferation, and differentiation of monocytes and macrophages [43-45].
Our proteomic data indicated that M-CSF (CSF1) is up-regulated in the secretome of both human
and mouse MSC upon stimulation by inflammatory cytokines (Tables 1 and 2 and Fig. 2). Thus, we
investigated the ability of MSC-CM to generate monocyte-derived macrophages in vitro.
Surprisingly, our data revealed an important difference between mouse and human MSC-CM (Fig.
4). When compared to the positive control (recombinant mouse M-CSF), both unst mMSC-CM or

11
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st mMMSC-CM were unable to induce macrophage differentiation (F4/80", CD11b" cells) efficiently.
In this case, stimulation of mMMSC with pro-inflammatory cytokines did not change the properties of
the secretome (Fig. 4 A). In contrast, the culture of human monocytes in the presence of st (IMSC-
CM produced the same percentage of differentiated macrophages as the positive control
(recombinant human M-CSF) (Fig. 4 B). These data reflect the amount of mouse or human M-CSF
detectable by ELISA in unst or st human and mouse MSC-CM (Fig. 4). Thus, although M-CSF is
up-regulated in both human and mouse MSC-CM upon stimulation by inflammatory cytokines, the
amount of M-CSF secreted by mMSC is too low to be detected by ELISA and to induce
macrophage differentiation efficiently.

Notably, proteomic data on human M-CSF (CSF1) fully agree with functional assays and ELISA
analysis. As reported in Table 1 and Fig. 2, M-CSF is amongst the proteins showing the highest
increase/present only in stimulated human secretome according to mass spectrometric analysis; the
apparent discrepancy in the presence of CSF1 in unst h(MSC-CM between ELISA (showing low
levels of M-CSFin unst hnMSC-CM, Fig. 4) and proteomics (listing M-CSF as absent in unst hMSC-
CM in Table 1) is due to the high stringency used to filter quantitative proteomic data in the present
report (detection in at least 3 out of 5 technical replicas in both patients). In fact, M-CSF was
detected also in low amounts in 4 out of 5 replicas of unstimulated secretome of donor H34 but only

in 2 out of 5 replicas of donor H30 and consequently listed as “non detected” in unst h(MSC-CM.

3.4.2 TIMP-1

Concerning angiogenesis, in our previous work [21] we analysed the effect of MMSC-CM on in
vitro angiogenesis exploiting the tube formation assay. As we reported in Fig. 5 A, soluble factors
released by stimulated mMSC strongly inhibited the ability of SVEC4-10 cells, a mouse endothelial
cell line, to form tube networks. In contrast, unst mMMSC-CM had no effect on tube formation. In an
effort to assess the angiogenetic role of hMSC, we performed the same experiments using HUVEC
cells (Human Umbilical Vein Endothelial Cells) (Fig. 5 B). In agreement with the data obtained
with mMSC, soluble factors secreted by hMSC affected the ability of HUVEC cells to form tubes.
Interestingly, in the case of human cells, MSC-CM was able to inhibit tube formation even when
MSC had not been primed by cytokines. However, pre-activation with pro-inflammatory cytokines
strengthened the anti-angiogenic effects of hMSC-CM, thus supporting our hypothesis that, during
an inflammatory response, MSC target angiogenesis and thus dampen the inflammatory response
[21].

Using both in vitro and in vivo approaches, we demonstrated that mMSC anti-angiogenic effect is
mediated by TIMP-1 [21]. Because the proteomic analyses indicate that TIMP-1 is one of the
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proteins up-regulated in both human and mouse st MSC-CM (Table 2), we compared the results
obtained by blocking TIMP-1 in SVECA4-10 cells incubated in the presence of mMSC-CM (Fig. 6
A) with those generated using HUVEC cells and hMSC-CM (Fig. 6 B). By inhibiting TIMP-1
activity with a specific blocking antibody, we observed the complete recovery of HUVEC cell
ability to form tubes even in the presence of st hMSC-CM, indicating that TIMPL1 is one of the key
secreted molecules targeting endothelial cells in both mouse and human MSC.

TIMP-1 concentration was measured by ELISA in st and unst, human and mouse MSC-CM (Fig. 7
A for mouse and B for human). In accordance with our data of tubulogenesis showing that unst
mMSC-CM has no effect on angiogenesis (Figs. 5 and 6, panel A), the concentration of TIMP-1 in
mMSC-CM was about 5-times higher when cells had been primed by pro-inflammatory cytokines.
Thus, in mouse MSC, the anti-angiogenic phenotype is acquired only after licensing with pro-
inflammatory cytokines, i.e. when TIMP-1 levels rise from about 3 ng/mL to 25 ng/mL. In hMSC,
however, the basal high level of secreted TIMP1 may explain the partial anti-angiogenic effect of
the unst hNMSC-CM (Figs. 5 and 6, panel B). In fact, in support of this hypothesis, TIMP-1 blockade
restored the formation of the endothelial network in the presence of unst or st hMSC-CM.

Again, proteomic data fully agree with functional assays and ELISA results for human TIMP1. As
reported in Fig. 2 and Table 1, this protein is listed amongst those overrepresented in st hMSC but
showing relative lower level increase following stimulation. Additional bioinformatics analyses of
proteomic data further support the observation that even relatively small changes in the level of
TIMP1 can result in very significant modulation of secretome properties. First of all, its level will
greatly influence the proteolytic potential of the secretome and, consequently, the overall activity of
a number of secretome components, including proteins which level is not increased following
stimulation and proteins not directly involved in inflammation and angiogenesis; secondly, but not
less importantly, TIMPL1 is functionally related to a number of overrepresented proteins in
stimulated secretome besides proteases (Fig. 2 and Supplemental Table 3), like cytokines and
structural proteins (such as IL6, IL8, CCL2 CXCL12, COL3A1). The complete list of the 54
proteins of stimulated hMSC-CM functionally correlated to TIMP1 according to String [34] is
reported in Supplemental Table 3.

4. Conclusions

The proteomic analysis of h(MSC-CM and mMSC-CM confirms that exposure to pro-inflammatory
cytokines results in significantly higher secretion of a number of immunomodulatory and
angiogenesis-related proteins by MSC from both species. Notably, 62% of the proteins identified in
st h(MSC-CM were also identified in st MMSC-CM, clearly highlighting the existence of a common
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signature in the secretome of human and mouse MSC. However, although human and mouse MSC
show a similar proteomic signature in response to stimulation by pro-inflammatory cytokines, our
data indicate that they may induce different biological responses. Thus, even if M-CSF is up-
regulated in both human and mouse MSC-CM, only hMSC-CM induce macrophage differentiation
efficiently because of its high concentration of M-CSF.

In both species, several up-regulated proteins are associated with angiogenesis. The extended
network of interactions amongst inflammation and angiogenesis-related proteins in stimulated
hMSC-CM makes it extremely difficult to assess the in vivo physiological importance of each
factor. In particular, the presence of a number of protease and protease inhibitors implies the
possibility of additional self-modulation of the properties of the various components of the
secretome [39].

Although our data fully confirm the anti-angiogenic role of stimulated MSC for both mouse and
human cells, at basal conditions MSC behavior is striking different. Indeed, while unst MSC-CM
collected from mouse cells has no effect on tube formation, h(MSC-CM significantly reduces
angiogenesis in vitro. Finally, the anti-angiogenic role of TIMP-1 already observed in the mouse
model was confirmed also using hMSC-CM: by inhibiting TIMP-1 activity with a specific blocking
antibody, we observed the complete recovery of HUVEC cell ability to form tubes even in the
presence of st h(MSC-CM, indicating that TIMPL1 is one of the key secreted molecules targeting
endothelial cells in both mouse and human MSC.
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Figure legends

Fig. 1. Summary of the results obtained in the proteomic characterization of h(MSC-CM

A. Venn diagram showing proteins detected in at least 3 out of 5 technical replicas in both patients
only in stimulated hMSC-MC or unstimulated hMSC-CM or in both; B. t-test difference (difference
of log(2) mean intensity of a protein in stimulated and unstimulated h(MSC-CM replicas,[28])
observed in the two patients for the 57 proteins present in stimulated and unstimulated hMSC-MC
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and significantly overrepresented in stimulated hMSC-MC according to t-test p-value (cut-off at 1%
permutation-based False Discovery Rate). Pearson correlation coefficient R=0.73. Complete
protein identities and detailed values are reported in Table 1.

Fig. 2. Network interactions of overrepresented proteins in stimulated hMSC-CM involved in
inflammation or in angiogenesis. Overrepresented proteins in stimulated hMSC-CM involved in
inflammation (A) or angiogenesis (B), respectively, according to targeted accurate literature mining
as reported in Table 1, have been searched for possible interactions using String [34]. Active
interactions: text mining, experiments, databases; edges thickness indicates “confidence”. Red
symbols: proteins present only in stimulated hMSC secretome or showing high t-test difference
according to Fig. 1B. Yellow edges indicate proteins with proteases/protease inhibitors activity

Fig. 3. Distribution into biological processes of the proteins overrepresented in stimulated hMSC-
CM in human and mouse. The proteins that were significantly up-regulated or present only in
stimulated MSC-CM (Table 1 and [21]) were classified into different biological processes
according to the Gene Ontology classification system (GOBP) using DAVID software [33];
confidence level: medium; only categories showing modified Fisher exact EASE score p
value<0.05 and at least 5 counts in hMSC are represented. The bars represent the percentage of
proteins involved in a category out of the total number of overrepresented proteins in human (96) or
mouse (89) secretome. Asterisks indicate Fold Enrichment range for each category: * 1-5, ** 6-10,

***>10

Fig. 4: Human and Mouse MSC conditioned media differentially stimulate monocytes
differentiation. A) Mouse bone marrow cells were cultured with murine M-CSF (as positive
control), unstimulated or stimulated mouse MSC-CM for 5 days. Differentiation to macrophages
was assessed by Flow Cytometry as percentage of F4/80+CD11b+ cells. Right panel: mouse M-
CSF concentration in conditioned media was analysed by ELISA. Undetectable cytokine levels
were reported for both preparations. B) Human PBMCs were cultured with human M-CSF (as
positive control), unstimulated or stimulated human MSC-CM for 5 days. Macrophages were
analysed by Flow Cytometry as CD14+ cells. Right panel: human M-CSF quantification by ELISA
assay shows higher cytokine levels in st hMSC-CM than unst A(MSC-CM. A and B, left panels: 3
independent experiments, data are expressed as mean £ SEM (*p<0.05, ****p<0.0001, One way
Anova). A and B, right panels: 2 independent experiments, data are expressed as mean + SEM
(*p<0.05, parametric t-test).
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Fig. 5. Effect of Human or Mouse MSC conditioned medium on tube formation assay. The effect of
unstimulated or stimulated MSC media on endothelial cells was determined by a tube formation
assay. Cells were seeded on the top of a matrigel phase in the presence of unstimulated or
stimulated A) mouse, B) human MSC- CM. 6 hours later, images were acquired with a phase
contrast inverted microscope at 4x objective magnification. Analysis was performed with ImageJ
Angiogenesis Analyzer. A) SVEC4-10 network formation; quantification of the tube segment
length (expressed in pixel number) and representative images at 4 hours. B) Huvec network
formation; quantification of the tube segment length and representative images (expressed in pixel
number) at 4 hours. 3 independent experiments, data are expressed as mean + SEM (*p<0.05,
**p<0.01, One way Anova).

Fig. 6: Timp-1 blocking reverts the anti-angiogenic effect of mouse and human MSC conditioned
media. In order to investigate the role of MSC-derived TIMP-1 on angiogenesis, the tube formation
assay was performed in the presence of A) mouse or B) human TIMP-1 blocking antibodly.
Representative images of A) SVEC4-10 cell line or B) Huvec cells are taken with a phase contrast
inverted microscope at 4x objective magnifications. Graphs show the quantification of the tube
segment length measured with ImageJ Angiogenesis Analyzer. Data are expressed as mean + SEM
(*p<0.05, **p<0.01; One way Anova), 3 independent experiments.

Fig. 7. Mouse and human MSC-derived TIMP-1 quantification
MSC-derived TIMP-1 concentration in A) mouse and B) human unstimulated or stimulated MSC
conditioned medium was measured with ELISA. Data are expressed as mean + SEM (*p<0.05,

parametric t-test), 2 independent experiments.
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Table 1

Profeins overrepresented of present only in st hMSC-CM.

Gene names  Profein names Protein  H30 H34 Angiogenesic  Inflar
o AogPrest (-TestDilf -Log Pe-tsst  r-Test Dift
ABIZEP Tasget of Mesh-5H3 DIVTG3  Only in stimulated
AGRN Agrin D004GE 5339 2799 1870 1066 x x
ALCAM CDES antigen QIZ740  Only in sticwlated x %
ARHGAPI  Rbo GTPase-setivating protein 1 QOTSED  Only in stimulated
EMP1 Bane marphogenetic protein | PI13407 3745 1175 4542 0751 x x
CIR Complement C1r subcompanent POOTIE  BEID 2624 6801 2132 %
Cls Complement C1s subenmponent POSET]  GEAG 1883 6.503 1962 x
3 Complement C3 POIOZ  10.257 7.920 5001 5B x %
CA12 Carbanic antydrase 12 043570 Only in sticulated x %
oLz C-C mustil chemokine 2 P13500 G381 6120 10273 SEDD x %
coCa? Hig®0 co-chaperane Cde3T Q16543 Only in stimulated %
CFB Camplement [sctar B BAEIZ4  Only in stimulated x %
CFH Complement Csctar H POBGO3 5941 2293 6.526 2,405 %
CHIAL Chitinase-3-like progein 1 PI6IZ2 632 1415 6018 1353 x %
CLSTHI Calsyritenine1 004085 4674 0615 3.190 neaz
COL1GAL Collagen alpha-1{XV1) cluain AGNDORS 5166 1459 4026 1439 %
COL3A1 Collagen alpha-1{1I1] chain PO24G] 7283 1588 10347 1865 x
COLSAZ Collagen alpha-2(V] chain POS9T 1555 w170 7748 1353
COL7AL Collagen alpha-1[VII) chain QOZIEE  5.5E2 2193 1528 0.6 %
CsFl Macrophage colany-stinulating [etor 1 POSE03  Only in stimulated x %
CTHRC] Collagen triple belix repeat-cont prat | Q9GCCE 5330 1314 4189 1134 x
CTs8 Cathepsin POTESE 3148 (636 5472 1500 x %
CxCL Growtleregulated slpha protsin POS341  Only in stimulated x x
CHCLIZ Stromal cell-derived [setor | PABO0G] 5565 2470 1552 0470 x %
CXCLS C-¥~C matif chempkine 5 PAZE30  Only in stimulated x x
CHCLE C-¥-C matif chempkine & PEOIGZ  Only in stimulated x %
CYRG1 Pratein CYRE1 DODEZZ  Only in stimulated x %
DN Decarin POTSES  5.609 0835 5760 1253 x x
EFEMF2 EGF-cont filsulin-Eke extrac matrix prot 2 D9SBET 3013 1193 5790 1540 %
EIFG Eulkearyotic trarsLation initiation lactor & PS6537  Only in stimulated x %
ELN Elastin FEWAHE 4553 1332 5715 1306 x %
EXT1 Exostosite1 QIGI8d 3775 1.085 2266 0485
EXTZ Exostosine2 093063 Only in stimulated
FELN1 Fibuisi-1 PRI d2d2 fL867 6450 1323 x
FEN1 Fibarillin-1 Pi5555 6035 963 6.557 1.909 x %
FKEP1A Peptidyl-prodyl cis rans isomerase PG2942  Only in stimulated %
FN1 Fibrenectin PO27S1 5767 0793 5421 0358 x %
FNDC Fibronectin type Il domain-cont prot 1 Q4ZHGA 5245 2301 7588 1418 x x
FSTLI Fodlistatin-related progein 1 QIZB41 3833 817 7039 1968 x %
GALNT2 Palypeptide N-acetylgalaciosaminyliranserse 2 QIo471 2914 0542 2860 0805 x
GEPL Interfernn-induced guanylate-binding prot 1 PI2455  Only in stimulated x %
oC Vitamin D-binding protein PO2T74  Only in sticwlated %
HLA-A HILA class | histocompatibility antigen, A-24 alpha chain ~ POS534 5.130 1303 1813 1312 %
HLA-C HILA class | histocompatibility antigen, Cw-7 alpha chain  AZAEAZ 3071 1381 1304 1231 %
HEPG2 Burie rsernibir-spee Ipar sulf proteoglycan core prot POEIGD  BTIS 1.795 9,468 2141 x %
HYOU Hypooia up-regulsted prat | 094l Only in stimulated x %
AR Intercedhslar adhesion maobecube 1 FOS362  Only in stimulated x x
ICFER4 Insulin-like growth [seror-binding pret 4 PI2EOZ 4346 1526 3086 1009 x %
IGFEPE Insulin-like growth [setor-binding prot & F24502  Only in stimulated x X
ICFEFT Insulin-like growth [seror-binding pret 7 QIE27T0 2725 3oy 4650 0947 x %
L& Interleukin-& FOS231  Only in stimulated x X
T Interleukin-& PIDN4S  Only in stimulated x X
INHEA Inhibin beta A cluain POE476E  7H79 1140 5875 1.448 x
ITIHZ Inter-alphe-trypsin inhibitor hexvy chain H2 PIDEZI 3742 1104 1276 0382 x
[TM2E Integral memlsrane protein 26:ERD QEYZET 3573 1.994 5351 1035
KETGE Keratin, type Il eytaskeletal 6B PO4259  Only in stimulated
LAMAA Laminin subuniz alpha-4 Q16363 2007 0234 1825 07 x
LAMEZ Laminin sulbuinit beta-2 PS5268 5074 3708 4936 1006
LEPRE1 Pralyl S-lydrooylase 1 (32F28  Only in stimulated x x
LCALSIEP  Galectin-3-binding protein QUE380  EOII 1.457 6749 1314 x %
LOXL2 Lysyl oxidase homalog 2 QEY4KD 6219 1185 5732 152 x x
vz Lysazyee C PEIG26 3547 507 1328 0607 %
MANIAI Mannesyl-oligosaccharide 1 2-slpha-mannposidase 1A~ P33908  Only in stimulated x %
MANEA Bela-mannosidase D00462  Only in stimulated
MMP] Interstitial collagenase PO3956  Only in stimulated x %
MMP10 Stromelysin-2 FOSZ38  Only in stimulated x X
MMP13 Collagenase 3 CSEQ71  Only in stimulated x X
MMP2 72 kD type IV collagense FOB253 6555 1.090 7.061 1043 x x
MMF3 Stromelysine1 POE254  Only in stimulated x X
MID1 Nidisgen-1 Pl4543 3840 0425 3450 0860 x %
MID2 Midogen-2 Q14112 4384 1.133 3833 0855
NLCEL Mucheobindin-1 QO2E1E  5S7E 0985 3867 o3
PLOD Procollagen-lysine, Z-axoghutarste S-dioxygenase | BADRET 3044 076 2180 0264
PLODZ Procollagen-lysine, 2-axogutarate S-dioxygenase 2 DO04E9 5067 2636 5402 2331 x
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671
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Table 1 [contineed)

Gene names  Protein namses Profetn H3o H34 .&n.g:ingm:e;ishl |||.l|.1.|1||nal:i|:|||H
I -logPraest  -TestDiF -Log P retest  ~Test Dilt

PSMAS Proteasome subunit alpha rype-5 P2B0GE Onby in stimulated

PSME2 Proteasome activalor compes subunil 2 alIL4s Onby in stimulated

PTX3 Pentraxin-related protein FTX3 P2e022 7000 3580 8.516 3236 x £

PXDN Peroaidasin homolog 092626 6359 1401 5118 1.122

QPCT Glutaminyl-peptide cyclotranslerass QIETEY 3070 1972 4.593 2140 X

QE0x1 Sulfhydryl oxidase 1 003gl 5232 1616 9.152 2155 X

RMASE4 Eibanuclease 4 P34095 Only in Stimulated x X

SDC4 Syndecan-4 P31431 1656 0810 3.199 1321 x X

SDF4 45 kDa cabcium-binding prog OBRES 2014 0353 3.547 DEE2 x

SERPINB2 Plassminagen sctivator inhibitor 2 PO 120 Onby in stimulated X

SERPINEL Plassminggen sctivator inhibitos 1 PO5121 B.172 2586 G111 1557 x X

SLC39A104 Zin iransparter ZIP14 Q15043 Onby in stimulated

SLC3A2 4F2 cell-surface antigen heavy chain POB195 Onby in stimulated

5002 Superoxide dismutase |hn) PO4173 Only in stimulated x £

SECN Serglycin P10124 5249 1412 3.353 1084 x

SEPXZ Sushi repeat-conLaining prot SEFX2 OE0EST 7209 2708 3423 2482 x X

S5B Lispus La profein PO5455 Only in stimulafed

5TC2 Stanmiocaliin=2 O7E0E1 Onby in stimulated x

TIMP1 Metalloprateinase inhibitor | POIOZE3 2940 1254 5.763 1081 x X

THC Tenascin P24871 E040 1545 7257 1329 x X

THFAIPG Tumor necrodis lxtor-inducible gene & probein PAB0GE Onby in stimulated X

VCAMI Vascular cell sdhesion protein 1 P19320 5307 3003 5227 2623 x X

= p-Test dill: difference of logl2) mean inlensity of & protein in echmical replices of $0- versus unst BMSC-C0M Tromm et analysis using Persews [Z8]as detailed inothe texr.
B Proteins related 1o angiogens<is or inflammation acoonding o criteria detailed in “Matenss and methodsf.

A
unst 32 st
n=457 n=465

Tot n=497

B 10 CIAL?
9

8 B

5 7

é B

B g

E

T 3

= 2
1
o

Fig. 1. Summary of the results obtained in the proteomic characterization of hMSC-CM. A. Venn

diagram showing proteins detected in at least 3 out of 5 technical replicas in both patients only in
stimulated hMSC-MC or unstimulated hMSC-CM or in both; B. t-test difference (difference of
log(2) mean intensity of a protein in stimulated and unstimulated hMSC-CM replicas, [28])

observed in the two patients for the 57 proteins present in stimulated and unstimulated hMSC-

MC and significantly overrepresented in stimulated hMSC-MC according to t-test p-value (cut-

off at 1% permutation-based False Discovery Rate). Pearson correlation coefficient R = 0.73.

Complete protein identities and detailed values are reported in Table 1.
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Tahle 2
Prodeins averrepresented o present anly in st MEC-CM common o mowse and human,

Gene Profein names Angiogenesistl [nfllammations

ames

AGRN  Agrin X %

CIR Coeplement Clr subcompanent X

C1s Cosplement Cls subcamponent %

C3 Complement C3 X %

CSF1 Macraphage cobony-stimmubating X X
fxctar 1

CTSB Cathepsin B X x

CXCL1 Growth-regulated alpha protein X x

CNCLS  C-N-C motil chemakine 5 X x

EXT1 Exostosin-1

EXT2 Exoslosin-2

FSTLI Fallstatin-related protein |1 X x

HSPGZ Basem I':I'I.E'I'IMFE'E h'Ep-h'ﬂl'.I sylfage X X
proteaghycan core prot

IGFEP7  Insulin-like growth factor-hinding ~ x x
protein ¥

LS Interleukin-6 X x

LARRZ Larmimin Subunil bega-F

LCALSIBP  Calectin-3-binding protein X x
MMPI3  Collagenase 3 X x
NID1 Nidogen-1 X x
PLODZ Procollagen-lysine 2-oxoglutarate
S-dioxygenase I

SERPINE|  Plasminogen activator inhibiter | x x
TIMPI  Metalloproteinase inhibitor | X x
THC Tenxscin X X
VCAM1  Vascular cell sdhesion protein | X x

* Proteins inwalved in angiogenesis or inflammation in both onganisms acoording o
criteria detaided in “Blaterials and methodsy.

679
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682  Fig. 2. Network interactions of overrepresented proteins in stimulated hMSC-CM involved in

683 inflammation or in angiogenesis. Overrepresented proteins in stimulated hMSC-CM involved in
684 inflammation (A) or angiogenesis (B), respectively, according to targeted accurate literature
685 mining as reported in Table 1, have been searched for possible interactions using String [34].
686 Active interactions: text mining, experiments, databases; edges thickness indicates “confidence”.
687 Red symbols: proteins present only in stimulated hMSC secretome or showing high t-test
688 difference according to Fig. 1B. Yellow edges indicate proteins with proteases/protease
689 inhibitors activity.
690
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691
692  Fig. 3. Distribution into biological processes of the proteins overrepresented in stimulated hMSC-

693 CM in human and mouse. The proteins that were significantly up-regulated or present only in
694 stimulated MSC-CM (Table 1 and [21]) were classified into different biological processes

695 according to the Gene Ontology classification system (GOBP) using DAVID software

696 [33];confidence level: medium; only categories showing modified Fisher exact EASE score p
697 value b 0.05 and at least 5 counts in hMSC are represented. The bars represent the percentage of
698 proteins involved in a category out of the total number of overrepresented proteins in human (96)
699 or mouse (89) secretome. Asterisks indicate fold enrichment range for each category: * 1-5, **
700 6-10, *** N 10.

701
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703  Fig. 4. Human and mouse MSC conditioned media differentially stimulate monocytes
704 differentiation. A) Mouse bone marrow cells were cultured with murine M-CSF (as positive
705 control), unstimulated or stimulated mouse MSC-CM for 5 days. Differentiation to macrophages

706 was assessed by Flow Cytometry as percentage of F4/80 + CD11b + cells. Right panel: mouse

707 M-CSF concentration in conditioned media was analysed by ELISA. Undetectable cytokine
708 levels were reported for both preparations. B) Human PBMCs were cultured with human M-CSF
709 (as positive control), unstimulated or stimulated human MSC-CM for 5 days. Macrophages were

710 analysed by Flow Cytometry as CD14 + cells. Right panel: humanM-CSFquantification by
711 ELISA assay shows higher cytokine levels in st AIMSC-CM than unst hnMSC-CM. A and B, left

712 panels: 3 independent experiments, data are expressed as mean £ SEM (*p b 0.05, ****p b
713 0.0001, One way ANOVA). A and B, right panels: 2 independent experiments, data are
714 expressed as mean = SEM (*p b 0.05, parametric t-test).

715
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716

717  Fig. 5. Effect of human or mouse MSC conditioned medium on tube formation assay. The effect of
718 unstimulated or stimulated MSC media on endothelial cells was determined by a tube formation
719 assay. Cells were seeded on the top of a matrigel phase in the presence of unstimulated or

720 stimulated A) mouse, B) human MSC-CM. 6 h later, images were acquired with a phase contrast
721 inverted microscope at 4 x objective magnification. Analysis was performed with ImageJ

722 Angiogenesis Analyzer. A) SVEC4-10 network formation; quantification of the tube segment
723 length (expressed in pixel number) and representative images at 4 h. B) Huvec network

724 formation; quantification of the tube segment length and representative images (expressed in
725 pixel number) at 4 h. 3 independent experiments, data are expressed as mean + SEM (*p b 0.05,
726 **p b 0.01, One way ANOVA).

727
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728

729  Fig. 6. Timp-1 blocking reverts the anti-angiogenic effect of mouse and human MSC conditioned
730 media. In order to investigate the role of MSC-derived TIMP-1 on angiogenesis, the tube

731 formation assay was performed in the presence of A) mouse or B) human TIMP-1 blocking
732 antibody. Representative images of A) SVEC4-10 cell line or B) Huvec cells are taken with a
733 phase contrast inverted microscope at 4 X objective magnifications. Graphs show the

734 quantification of the tube segment length measured with ImageJ Angiogenesis Analyzer. Data
735 are expressed as mean £ SEM (*p b 0.05, **p b 0.01; One way ANOVA), 3 independent

736 experiments.

737
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738

739  Fig. 7. Mouse and human MSC-derived TIMP-1 quantification. MSC-derived TIMP-1

740 concentration in A) mouse and B) human unstimulated or stimulated MSC conditioned medium
741 was measured with ELISA. Data are expressed as mean + SEM (*p b 0.05, parametric t-test), 2
742 independent experiments.
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