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ABSTRACT

Background Fibrous dysplasia (FD) and cemento-ossifying fibroma (COF) are
the most common gnathic fibro-osseous lesions. These diseases exhibit
remarkables.overlap of several clinicopathological aspects and differential
diagnosis. depends on the combination of histopathological, radiographic and
clinical aspects. Their molecular landscape remain poorly characterized and

herein werassessed their proteomic and phosphoproteomic profiles.

Methods, The quantitative differences in protein profile of FD and COF were
assessed' by, proteomic and phosphoproteomic analyses of formalin-fixed
paraffin-embedded tissue samples. Pathway enrichment analyses with

differentialy regulated proteins were performed.

ResultsFDvand COF exhibited differential regulation of pathways related to
extracellular=matrix organization, cell adhesion, and platelet and erythrocytes
activities. /Additionally, these lesions demonstrated distinct abundance of
proteins “involved in osteoblastic differentiation and tumorigenesis and
differential.abundance of phosphorylation of Ser61 of Yes-associated protein 1
(YAP1).

Conclusions In summary, despite the morphological similarity between these
diseases,mour results demonstrated that COF and DF present numerous
quantitative differences in their proteomic profiles.These findings suggest that
these fibre=osseous lesions trigger distinct molecular mechanisms during their
pathogenesis. Moreover, some proteins identified in our analysis could serve as
potential. biomarkers for differential diagnosis of these diseases after further

validation.

Keywords: Proteomics; ossifying fibroma; fibrous dysplasia; bone tumors; fibro-

osseousslesions
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1 INTRODUCTION

Fibrous dysplasia (FD) and cemento-ossifying fiboroma (COF) are the
most common of the rare benign fibro-osseous lesions (BFOLs) of the
craniofacial_skeleton!. COF is a bone neoplasm that typically affects patients
aged between 30 to 40 years, while FD is a developmental disease that occurs
mainly from childhood to early adulthood and has a predilection for craniofacial
bones andfemur, although it can affect other skeletal bones'-3. The differential
diagnosis'of these lesions poses a challenge for pathologists and clinicians due
to similarities, in many clinical parameters’2. Because these BFOLs exhibit
different clinical evolution and require distinct therapeutic approaches, an

accurate diagnosis is of core importance?.
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Although activating mutations of GNAS17 represent a specific molecular
signature of FD, these alterations cannot be identified in all cases of this
disease?. In contrast, the molecular landscape of COF remains poorly
characterized*. Thus, further studies are still needed to identify novel
biomarkers:with greater discriminatory power and to clarify the differences in the
pathogenesis of these BFOLs®.

Proteomics and phosphoproteomics are comprehensive approaches
focusedgon the qualitative and quantitative analysis of total proteins and
phosphorylated proteins, respectively®’. Protein levels and protein
phosphorylation regulates numerous biological events, for instance, signaling
pathways'that,control cellular processes such as cell growth, division, metabolic
events, apoptosis, and others®738.

In this) study, we quantitatively compared the total proteome and
phosphoproteome of BFOLs to clarify whether the differences in clinical aspects
and etiologies are associated with differential expression of proteins and/or

regulation.ef.signaling networks.

2 METHODS
2.1 Samples and Subjects

Six convenience formalin-fixed paraffin-embedded (FFPE) tissue
samples-were: obtained from the files of the Oral Pathology Service at UFMG,
comprising confirmed cases of COF (n = 3) and FD (n = 3). The clinical data of
these patients are presented in Table 1, and their diagnoses were reviewed by
oral pathologists based on WHO recommendations®. This study was approved
by the Institutional Ethics Committee (CAAE: 43925221.9.0000.5149).

2.2 Quantitative proteomic and phosphoproteomic analyses
2.2.1 Sample preparation

Protein extraction was performed according to minor adaptations on the
protocol described by Piehowski et al., 2018°. Proteins were extracted from
deparaffinized tissues using 1:1 of TFE:Tris (600 mM) and 50 mM ammonium

bicarbonate (AMBIC) containing a phosphatases and proteases inhibitors
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cocktail. Samples were incubated at 95°C for 90 min and they were centrifuged
at 14000 g for 5 minutes at 4°C. Supernatants were reduced with 5 mM
dithiothreitol for 1 h at 37°C and alkylated with 40 mM iodoacetamide for 30 min
at room temperature at dark. Subsequently, samples were diluted fivefold with
50 mM: AMBIC buffer and digested overnight at 37°C with trypsin (1:50 -
enzymej substrate ratio). Peptides were desalted using Sep-Pak C18 solid-
phase ‘extraction cartridges (Waters Corporation, Massachusetts, USA)
according to manufacturer’s instructions. Peptides were quantified using the
Qubit Protein Assay Kit (ThermoFisher, NY, USA) in a Qubit fluorometer
(ThermoEisher, NY, USA) and twenty-five microgram of each sample was
completely dried using a SpeedVac for the labeling.

Samples were labeled with TMT10plex™ isobaric tags (Table 1, Fig 1)
(ThermoFisher, NY, USA). Peptides were initially reconstituted with 34 pL of
100 mM triethylammonium bicarbonate (TEAB) and mixed with 0.2 mg isobaric
TMT dissolved in 10 pL of acetonitrile (Table 1, Fig 1). After incubation for 1 h
at room temperature, the efficiency of labeling was checked by MALDI analysis.
Subsequently, the reaction was quenched at room temperature with 8 uL of 5%
hydroxylamine in 100 mM TEAB for 15 min. Samples were combined in a single
tube and dried in a SpeedVac concentrator. Finally, phosphopeptide enrichment
was performed with titanium dioxide (TiO,) chromatography according to a
previously published protocol’. The unbound fraction was also collected for the
analysis of the total proteome (Fig 1).

2.2.2 High pH Reversed-Phase Fractionation

The peptides for analysis of the total proteome were resuspended in 20
mM ammonium formate pH 9.3 (solution A) and fractionated by HPLC (Ultimate
3000 HPEEC)»(Dionex, Sunnyvale, CA, USA), using a C18 Acquity UPLC M-
Class CSH«4<7 pm, 300 pm X 100 mm column (Waters) in a flow of 10 yL/min.
Peptides.were eluted by the following gradient expressed as a percentage of
solvent B%(20% solution A / 80% ACN): 2-40% for 27 min; 40-50% in 4 min; 50-
70% in 4 min and 70-95% in 5 min. The eluting peptides were separated into 15
fractions, automatically concatenated into 5 final fractions plus the flow-through
(FT) fraction, and collected in 96-well plates (Fig 1). The sample were dried by

vacuum centrifugation before LC-MS/MS.
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2.2.3 Data acquisition: liquid chromatography-tandem mass spectrometry
(LC-MS/MS)

The phosphorylated peptides and the six fractions from the total
proteome were resuspended in 0.1% formic acid and injected on the nanoflow
HPLC EASYnLC (Thermo Scientific). The system consisted of two in-house
made_ fused.silica C18 capillary columns, a pre-column (2 cm and 100 nm inner
diameter, .5 ym) and an analytical column (17 cm, 75 nm inner diameter, 3 uym).
Solvent A'was composed of 0.1% formic acid and solvent B was formed by 90%
acetonitrile"with 0.1% formic acid. The peptides from total proteome fractions
were separated with the following chromatographic gradient (in percentage of
solvent B):.1-7% for 3 min; 7-28% in 50 min; 28-45% in 10 min; 45-100% in 3
min, with _the flow at 250 nL/min. The gradient used to separate the
phosphorylated peptides was: 1-3% for 3 min; 3-22% in 120 min; 22-40% in 20
min; 40-95%in 3 min.

The' eluting peptides from the analytical column were ionized by
nanoelectrospray and analyzed by a Q-Exactive HF Orbitrap mass
spectrometer (Thermo Fisher) working in data-dependent acquisition (DDA)
mode..Inthe MS, the peptide ions of the total proteome and phosphoproteome
were resolved in the orbitrap, with mass ranges between 400 to 1600 m/z and
350 to 1400 m/z, respectively, at 120,000 FWHM resolution. At each MS, the 15
most intense. ions (Top 15) for the total proteome and the Top 10 for the
phosphoproteome were selected for HCD fragmentation with a normalized
collisionenergy of 34. The originated fragments were resolved in the orbitrap,
mass rrange=between 110 and 2000 m/z, and a resolution of 60,000 FWHM
(total proteome) and 45,000 FWHM (phosphoproteome).

2.2.4 Data analysis

Raw data files were processed using Proteome Discoverer version
2.4.0.305 using the Sequest HT as the search engine for peptide identification
against the Human Swiss-Prot database (20,366 entries, downloaded in 04-19-
2020). The following parameters were used in the searches: trypsin was

specified as cleavage enzyme, accepting a maximum of two missed cleavages;
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carbamidomethylation of cysteine was set as a static modification, and oxidation
of methionine, N-terminal protein acetylation, TMT modifications in lysine and
peptide N-terminus were set as a dynamic modification. In the
phosphoproteome analysis, phosphorylation of serine, threonine, and tyrosine
(STY)wresidues were also considered as variable modifications. The precursor
mass tolerance and fragment mass tolerance were set to 10 ppm and 0.02 Da,
respectively.

Quantification of the proteins and phosphopeptides was performed by the
intensity of TMT reporter ions in their respective peptides. For each protein, the
relative ‘expression value was obtained by combining the intensities of their
unique plus razor peptides. Potential contaminants were removed from the

dataset before further analysis.

2.2.5 Statistical Analyses

Before statistical analyses, proteins and phosphorylated peptides
intensities*were log, transformed and normalized by subtracting the median
intensity in each condition, using Perseus v1.6.14.0. The phosphorylated
peptides: were also normalized by their respective proteins from the total
proteome.whenever possibled. LIMMA test was performed in NormalyzerDE to
identify differential proteins, using p-value <0.05 combined with log, fold change
cutoff of 2:0:568 or <-0.58 as the threshold of significance. Multivariate analyses

were eonducted on Metaboanalyst version 4.0.

2.4 Gene Ontology (GO) and Pathway Enrichment Analyses

Ontolegy analyses were performed on PantherDB and EnrichR. Pathway
enrichment analysis was conducted in PathDIP 4. Protein-protein interaction
network was build in STRING Version 11.0.

3 RESULTS
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3.1. Overview and quality control of total proteome and phosphoproteome
data

In general, 570 proteins were confidently identified in the total proteome
(Supplementary table 1), while 58 phosphopeptides, corresponding to 69
phosphosites'in 40 proteins were quantified with a 95% probability of correct
phospharylation site localization (Supplementary table 2).

To assess the quality of the extraction, an ontology enrichment analysis
was performed based on the Jensen TISSUE database. Bone was found as the
most significant tissue (Supplementary Figure 1A). Accordingly, classic bone
proteins;,such as osteopontin, were observed in our dataset, which is in
accordance with the fibrous-osseous origin of these diseases. Furthermore, GO
analysis of cellular components revealed that the proteins were distributed both
in intracellular and extracellular compartments (Supplementary Figure 1B),

indicating that the extraction procedures were adequately comprehensive.

3.2 COF.and«FD exhibit differential regulation of proteins and biological
pathways

Imeerder to evaluate whether COF and FD exhibit an overall distinct
proteomic” profile, an hierarchical cluster analysis was performed. The lesions
tended to group in different clusters, except for one COF sample that grouped
with the FD samples (Fig 2A).

Theslevels of 51 proteins were found to be significantly altered between
COF and.FD (Fig 2B, Supplementary Table 1). Interestingly, the abundance of
several significantly regulated proteins exhibited intragroup variation among
COF samples«(Fig 2B). Explanations for this observation could be related to the
inherent phenotypic variability of fibro-osseous lesions, for instance, the type of
mineralized components and their proportion'® or possible differences in the
molecular landscape of the lesions®.

A pathway enrichment analysis was performed with the up-regulated
genes in the'FD samples (Table 2 and Supplementary Table 3). Pathways
related to platelet and erythrocytes activities, association of TriC/CCT with
target proteins during biosynthesis, and extracellular matrix (ECM) organization

were observed amongst the 10 most significantly enriched biological pathways
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in FD (Table 2). Similarly, a pathway analysis was performed with proteins with
increased abundance in COF, but no significant results were retrieved (data not
shown).

In a more detailed analysis of pathway enrichment results, it was noted
that numerous biological pathways related to the extracellular matrix (ECM) and
associated processes were enriched (Fig 3A). Consistently, 12 of the 51
significantly “altered proteins (either up- or downregulated) were either “core”
ECM or ECM-associated proteins (Fig 3B). Moreover, according to
experimental and prediction data, most of these proteins interacted with each
other (Fig.3C).

3.3 Quantitative differences are observed in the phosphorylation profile of
COF and FD

We evaluated by quantitative phosphoproteomic analysis whether different
signaling pathways are triggered during COF and FD pathogenesis. Statistical
analysis .of.the phosphoproteome data revealed that the phosphorylation of
Ser61 of, the transcriptional coactivator YAP1 was significantly increased in
COF (Supplementary Table 2). Although not statistically significant, the levels
of phosphorylation of Ser304 and Ser307 of RPLPO, Ser58 and Ser61 of
NUCKS1T, and T150 of MARCKS were consistently altered between both
diseases (Supplementary Table 2).

4 DISCUSSION

Comparative studies of fibro-osseous lesions investigating the
abundance of'proteins are scarce and have been mostly focused on assessing
non-collagenous markers of osteogenesis and bone resorption by
immunohistechemistry'%-2, Thus, in order to further elucidate the differences in
the pathegenesis of these lesions, we performed a quantitative evaluation of
their phosphoproteome and total proteome.

Our results showed that several proteins involved in ECM organization
and other associated processes are differentially expressed between FD and
COF (Fig 4). Among these proteins, biglycan (BGN) and thrombospondin 1

(THBS1) are involved in the regulation of the availability and activation of a
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modulator of osteoblastic fate, the transforming growth factor-B (TGF-B)3,
respectively. THBS1 has also been implicated in the modulation of multiple
aspects of tumor progression, including cell adhesion, proliferation, apoptosis,
angiogenesis, and others'4. In addition, tenascin C (TNC) abundance was also
increased™in® FD and this glycoprotein is associated with osteogenic
differentiation?®, which support that these lesions have differences in the degree
of differentiation and that the distinct regulation of matricellular proteins
contributes to this variation. Further supporting this hypothesis, the levels of
alpha-2-macroglobulin (a;m), which influences the availability of osteogenic
growth peptide (OGP) and modulates TGF-B1 and TGF-B2 activities'®'’, were
decreased/int COF. Recently, it has been proposed that activating GNAS1
mutations may influence the expression of ECM-related genes'®. Therefore, the
differential regulation of ECM proteins levels between these diseases may arise
from the_differences in their genetic background. Notably, alterations of ECM
components.in FD have been previously shown in studies evaluating the gene
expression'of affected subjects compared to unaffected controls™920,

Pigment epithelium-derived factor (PEDF) is a glycoprotein encoded by
SERPINE1 gene that has multiple functions in bone biology?'. In our current
study, PEDF levels were consistently increased in all FD samples. PEDF has
been implicated in the osteogenic differentiation of mesenchymal stem cells,
exertingenegative effects on adipogenesis via the activation of WNT/B-catenin
signaling2!:22, Considering the importance of WNT/B-catenin dysregulation in FD
development?3, it is reasonable to speculate that the increased levels of PEDF
might contribute to alterations in the activity of this signaling pathway in this
lesionmAlsessuggesting a pivotal role of this protein in FD pathogenesis, a study
assessingthe gene expression in FD tissues in comparison to healthy controls
demonstrated, significant alteration in the levels of PEDF transcripts2C.
Furthermore, our group previously demonstrated that WNT/B-catenin pathway is
potentially 'involved in COF pathogenesis®. Thus, these results may also
indicate that' FD and COF exhibit distinct factors governing the dysregulation of
this biological pathway, but further investigation is needed to confirm this

hypothesis.
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In our study, pathway enrichment analysis revealed that several proteins
involved in platelet and erythrocyte activities are increased in FD in comparison
with COF. These findings are in agreement with a previous study based on
histomorphometric analyses demonstrating that FD presents higher intralesional
vascular content?*. Although our findings support the occurrence of differences
between’ these diseases, further investigation is necessary to rule out the
possibility “that the enrichment of blood-related pathways is not due to
contamination with extralesional blood during surgical procedures. To our
knowledge, other investigations solely assessed the presence or absence of
microvessels/and/or hemorrhagic foci without any quantitative parameters.
Hence, further investigation is still necessary, including a quantitative analysis
of intralesional microvessel density markers in these diseases.

Previous reports showed that the abundance of dentin matrix acidic
phosphoprotein 1 (DMP1) and osteopontin were not significantly altered
between these lesions by immunohistochemical evaluations''. Similarly, our
proteomic.approach demonstrated no significant alteration in their abundance,
further corroborating that these proteins are not useful as differential biomarkers
of FDiand“COF. In contrast, the levels of several proteins were consistently
altered in_our total proteome analysis and could serve as potential differential
biomarkers, such as PEDF, a,m, THBS1 and others, but further analyses are
required.

In"a previous immunohistochemical evaluation of the distribution of S100
proteins in FD and COF, it was noted that S100-A4 and S100-A6 are expressed
in the fibrous stroma and the hard-tissue-forming cells of these lesions?®.
However, no statistical evaluation of the results was performed in this report?>.
In our.study;'the abundance of these proteins was significantly increased in
COF in'eomparison to FD. Several reports have demonstrated that S100-A4
regulates=the" differentiation of osteoblastic progenitor cells into osteoblasts?6.
Increased” expression of S100-A4 has been associated with reduced
differentiation_of osteoblasts, mineralization, and the expression of osteoblastic
markers such as osteocalcin?%27. Similarly, S100-A6 overexpression has also
been implicated in the inhibition of osteogenic differentiation, besides promoting
cell proliferation?®. Thus, it could be argued that these proteins could be

involved in the disturbances of osteoblastic differentiation in COF.
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Increased phosphorylation of Ser61 of Yes-associated protein 1 (YAP1)
in COF was the only statistically significant alteration identified in our
phosphoproteome analysis most likely due to the poor recovery of
phosphorylated peptides from FFPE samples. Interestingly, YAP1 is a
transcriptional activator that stimulates several biological process, including cell
differentiation,, survival, migration, and proliferation and constitutes a pivotal
mediator of ‘the "Hippo Pathway?°. The phosphorylation of Se61 inhibits YAP
transcriptional activity and is predicted to inactivate the protein function?®. Since
YAP1 was identified solely in the phosphoproteome analysis, normalization by
total protein levels was not possible. Thus, further verification of the regulation
of this phosphorylation site is needed.

The' limitations of the present study include the limited number of
phosphosites hidentified and small number of samples. Consistently, lower
numbers of detected phosphopeptides in FFPE specimens were demonstrated
in previous studies in comparison to optimal cutting temperature compound
(OCT) preseived samples® and fresh frozen tissues®0. Additionally, to our
knowledge; most FFPE-based phosphoproteomics protocols were proposed for
soft tissues®30, Additional optimizations are required for proper extraction of
phosphoproteins from mineralized tissues and hard-tissue-forming lesions.
Future investigations should consider employing greater cohort sizes, OCT-
embedded or fresh frozen tissues, and other extraction methods, quantification
approaches, and MS-based techniques.

Fibro-osseous lesions show extensive phenotypic variability, including
differences _in_cellularity, stage of differentiation of the osteoblasts, the degree
and types of calcifications, the presence of osteoclasts, and others. All these
aspects/are 'known to influence protein expression and quantification. In
agreementyVeltrini et al. (2019)' recently demonstrated the impact of these
factors insthe immunohistochemical profile of the non-collagenous proteins of
these lesions, precluding the use of these proteins as differential diagnosis
biomarkers. ,Moreover, our analyses suggested that the proteomic landscape of
COF is diverse, in agreement with recent reports showing that the genomic
background of this tumor is complex®. Considering that phosphorylation is a

dynamic post-translational modification that controls and responds to different
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biological stimuli, a major impact of the variability of the phenotypic aspects of

these fibro-osseous lesions was expected on their phosphoproteome profile.

5 CONCLUSIONS

Although the small sample size limits our conclusions, this investigation
of the proteome and phosphoproteome of COF and FD revealed that these
diseases exhibit differential regulation of proteins involved in several biological
pathways, including those related to platelet and erythrocytes activities and
extracellular,matrix organization. Additionally, many proteins identified in our
analysis'could serve as potential biomarkers for differential diagnosis of these
diseasesy following validation in larger cohorts of samples. Further research is
required to confirm our results, to optimize proteomic evaluation of mineralized
FFPE tissuesjand to increase the knowledge of the molecular pathogenesis of
FD and COF.
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TABLES

TABLE 1. Clinical characteristics of study participants and TMT labelling scheme for

samples

Diagnoses Age Gender Location TMT Label

FD 23 Male Maxilla 127C
FD 10 Female Maxilla 128N
FD 23 Female Maxilla 128C
COF 29 Female Mandible 129N
COF 58 Female Mandible 129C
COF 16 Male  Mandible 130N
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TABLE 2. Top ten potentially upregulated pathways in FD

# of proteins g-value
Pathway g-value
Pathway Name p-value found in (FDR: BH-
Source (Bonferroni)
pathway method)
Reactome |Association of 7.37E-07 3 3.85E-04 3.85E-04
TriC/CCT with target
proteins during
biosynthesis
Reactome Response to elevated 3.51E-06 5 6.11E-04 1.83E-03
platelet cytosolic
Ca2+
Reactome . Platelet degranulation 2.88E-06 5 7.51E-04 1.50E-03
PID Syndecan-4- 2.96E-05 3 3.87E-03 1.55E-02
mediated signaling
events
Reactome Platelet activation, 9.59E-05 5 6.26E-03 5.01E-02
signaling and
aggregation
Reactome Chaperonin-mediated 7.27E-05 3 6.33E-03 3.80E-02
protein folding
Reactome  Protein folding 7.27E-05 3 6.33E-03 3.80E-02
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Reactome Cooperation of PDCL 6.77E-05 3 7.07E-03 3.53E-02
(PhLP1) and
TRIiC/CCT in G-

protein beta folding

Reactomel Erythrocytes take up  1.26E-04 2 7.29E-03 6.56E-02
oxygen and release
carbon dioxide

Reactomey Extracellular matrix 1.55E-04 5 8.11E-03 8.11E-02

organization

A FDR (BHamethod) < 0.05 was used as cutoff of pathway enrichment analysis. Abbreviations:
PID: the Pathway Interaction Database; FDR: False discovery Rate; BH method: Benjamini

Hochberg 'method

FIGURE LEGENDS

Figure 1./Schematic representation of the quantitative proteomic and phosphoproteomic
pipeline employed in the present study. Proteins were extracted from formalin-fixed paraffin-
embedded (FFPE) tissue samples of confirmed cases of COF and FD. Cleavage of the proteins
was performedswith trypsin. Each sample was labeled with a distinct TMT10plex™ tag. Labeled
samples were pooled and the phosphopeptides were enriched using TiO, chromatography. Both
eluting flow-through (FT) and eluting (EL) pepetides during TiO, enrichment were collected to
allow the-analyses of the total proteome and phosphoproteome of the lesions, respectively.
Subsequently, the total proteome was pre-fractionated into six fractions using an offline HPLC.
Finally, the proteomic and phosphoproteomic data were acquired using a LC/MS/MS system.
This illustration was created using BioRender.

Fig 2. Intragroup variation observed in the total proteome analysis of COF and FD. A.
Hierarchical clustering dendrogram built using all identified proteins in the total proteome
analysis. (The following parameters were applied in MetaboAnalyst 4.0 for the dendrogram
construction: distance measure: Euclidean and clustering algorithm: complete. B. Hierarchical
clustering. heatmap made with the differentially regulated proteins between COF and FD.
Protein abundance across the samples is indicated by the color scale on the top right, varying
from greens(decreased) to red (increased). The dendrograms in the the top and left side of the

heatmap were"also constructed using Euclidean distance and complete linkage.

Figure 3. Changes in the abundance and composition of matricellular and ECM-associated
proteins may represent an important mechanism in the pathogenesis of fibro-osseous
lesions. A. Biological pathways related to ECM and associated processes are potentially
upregulated in FD. B. Twelve ECM and ECM-associated proteins were significantly altered

between FD and COF. The annotation of the category of each protein was conducted with
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Matrisome Annotator according to the MatrisomeDB divisions (Naba et al., 2016). C. Interaction
network established among the “core” ECM and ECM-associated proteins according to known
and predicted interactions, and other information such as text-mining, co-expression and protein
homology. Considering the lack of any direct interaction among Chondroadherin (CHAD) and
Tenascin (TNC) and the other proteins, these molecules are not displayed in the graph. The
abundance“of “‘each protein in FD is specified by a color scale, in which green indicates

decreased'levels,and red denote increased abundance. ECM: extracellular matrix

Figure 4. Proposed model of the molecular mechanisms involved in the pathogenesis of
FD based,on the proteomic and phosphoproteomic results. The increased cell growth, cell
differentiation disturbances and enhanced cell survival in FD might be associated to alterations
in the levels of ECM core and/or related proteins, which are able to regulate several
mechanosensing pathways by ECM-receptor interaction, which trigger the transcription of
several genes by a complex series of molecular events. Further analyses are needed to confirm
this proposition. Question marks denote processes with conflicting descriptions in the literature
that require careful interpretation. This model was constructed combining statistically significant
findings of the total proteome and phosphoproteome analysis, results of pathway analysis, and

information available on the literature, KEGG and Reactome pathway databases.

SUPPLEMENTARY MATERIALS

Supplementary Table 1 - List of proteins quantified and identified with at least two unique
peptides, protein FDR confidence < 1% and a minimum of 2 valid values in each group. In COF

vs FD_log2FoldChange, red denote up-regulated proteins and green down-regulated proteins
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Supplementary Table 2 - List of phosphopeptides unambiguously quantified and with a 95%
probability of correct phosphorylation site localization. In COF vs FD_log2FoldChange, red
denote up-regulated phosphopeptide, differential proteins were based on p-value <0.05 in
addition to a log2 fold change cutoff > 0.58 or <-0.58.

Supplementary Table 3. Summary of the significantly enriched pathways and the proteins
found in“each'biological process.

Figure S1¢ Ontology analyses performed with total proteome data. A. Ontology enrichment
analysis basedfonsdensen TISSUE database. Results were ranked according to p-value and
bone tissue™was the most significantly enriched. B. GO-cellular component analysis
demonstrating adequate extraction of intracellular and extracellular proteins. For simplification
purpose, the "PANTHER GO-slim module was used in this evaluation. Synapse part
(G0O:0044456).and synapse (G0O:0045202) accounted for 0.20% each and were not included in

graph elaboration.

This article is protected by copyright. All rights reserved



jop_13282_f1.jpeg

This article is protected by copyright. All rights reserved




jop_13282_f2.png

This article is protected by copyright. All rights reserved



Lagand
© prw pyopeomm
I LT -

{ Il posm ragueiated in FO W e recstrins
i O secapred faprs

jop_13282_f3.png

This article is protected by copyright. All rights reserved



Lagene

“'",_"'“"‘__"“ ! [0 Tmerption frctars fem irarirs
|_' (A - i ereasod iRveis in FD
|_-_E Kol delucted in fhs analysis

Bl bivide batvween FO gl COF

7 identiBad enciusieely in e phowpieregicome
[ Desreuwsd bwls of 35860 in FO

jop_13282_f4.png

Author M

This article is protected by copyright. All rights reserved



