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Abstract

Mastocytosis is a myeloproliferative neoplasm characterized by infiltration of clonally derived
mast cells in different tissues. According to mast cells localization, it is possible to discriminate
cutaneous mastocytosis (CM) from systemic mastocytosis (SM), the latter involving at least an
extracutaneous organ, like bone marrow, liver, spleen and gastrointestinal tract. Some of the
SM patient can develop also cutaneous lesions (SM+C). Oral cavity is commonly involved in
the symptomatology. Disease classification is often tricky. In the first part of this thesis, in
order to highlight possible qualitative/quantitative modifications of the salivary proteome
associated to the different forms of the disease, we investigated salivary samples collected
from 6 CM, 35 SM patients, among which 8 with only systemic symptoms (SM-C) and 27 with
both systemic and cutaneous symptoms (SM+C), and 48 healthy controls by a top-down
proteomic approach. Low-resolution HPLC-ESI-MS analysis of the acid soluble fractions of
saliva highlighted different proteomic profiles in the three patients’ groups, showing that the
salivary samples of the patients were characterized by a down-regulation of peptides and
proteins involved in the homeostasis and defense of the oral cavity, and in the innate
immunity and in inflammation not only in the oral cavity but at systemic level, such as aPRPs,
statherin, histatins and cystatins. Only two proteins with regulatory roles in the innate
immunity and inflammation, S100A8 and antileukoproteinase, resulted up-regulated in
patients differently to all the other salivary proteins analyzed, suggesting the establishment
of a response by the organism to the injuries caused by the disease. Interestingly, some
differences have been found among the patients in the concentration of a-defensins 1,
thymosin B-4, and the truncated forms of cystatin D-R26 variant, and some truncated forms
of P-B and statherin. Correlation between the protein/peptide levels and tryptase
concentration evidenced that acidic PRPs, statherin and P-B fragments, and cystatin D-R26
des1-5 correlated positively just in SM-C group, while thymosin B-4 correlated negatively.
Since the interesting data on cystatin D, in the second part of the thesis | focused on the
characterization of the salivary protein complex aggregating to the cystatin D-C26 variant
(named by us SIC-D). Indeed, the C-26 variant is usually undetectable in acid soluble fraction
of saliva but measurable in whole saliva. Pools of whole saliva from 4 CM, 3 SM-C, 14 SM+C,
and 20 sex/age matched healthy controls, were submitted to immunoprecipitation with

cystatin D-C26 antibody followed by SDS-PAGE/western-blot under reducing and non-



reducing conditions. Since the low volume of CM samples, the tryptic digestion, and the nano-
HPLC-high-resolution-MS/MS analysis were performed only in SM-C, SM+C and control
samples. The quantitative comparison was performed with Proteome Discoverer 2.2 software.
SIC-D included 44 proteins, among which IgA, IgG, PIgR, annexins, a-defensin 1/2, S100AS,
carbonic anhydrase 6, prolactin-inducible protein, lysozyme C and dermicidin. Several
qualitative/quantitative differences were highlighted with respect to controls and between
the two patient groups. The most relevant were: all the patients exhibited lower levels of IgA,
PIgR, DMBT-1 and S100A8 than controls, but higher levels of IgG, a-defensins 1/2 and carbonic
anhydrase 6. The highest level of cystatin D-C26 was found in SM+C patients, which were
different from SM-C for annexin A2. Both SM-C and SM+C showed the presence of
antileukoproteinase and S100A14.

The results on the acid-soluble fraction of saliva and the preliminary results on the SIC-D
complex are promising in order to find candidate markers able to discriminate the different

forms of mastocytosis.



Introduction

Mast cells (MCs) origin from are hematopoietic stem cells that mature in vascularized tissues
and show high estimated life. Morphologically, they are characterized by numerous electron
dense cytoplasmatic granules containing enzymes and cytokines; on the surface they can
express a wide range of receptors such as the high-affinity IgE receptor (FCeRI), the gamma Fc
receptor (Fcy), complement, cytokine, hormone receptors and Toll-like receptors. This
characteristic permits MCs to secrete a large range of biologically active products that
promote or inhibit the immune responses?'. They are specialized secretory cells of the innate
immune system and play an important role in host defense producing and releasing
proinflammatory mediators, chemotactic factors and immunoregulatory cytokines?. After the
bound of IgE on Fc receptors, they immediately release a large number of secretory granules
that contain histamine, serotonin and other inflammatory mediators, which are important in
both immediate and late-phase of inflammatory reaction®. MCs can produce three types of
effector mediators: pre-formed mediators stored in granules like serotonin, histamine,
tryptase and chymase; de-novo synthetized mediators after stimulation, such as the lipid
mediators PAF and PDG2; cytokines including IL-1, IL-3, IL-5, IL-8, IL-18, TNF-a, TGF-B, VEGF*.
MCs develop from CD34* pluripotent progenitor cells>®; bone marrow-derived MC
progenitors enter in to the bloodstream and then migrate to the peripheral tissue where they
acquire their mature phenotype and become terminally differentiated. Mature MCs tend to
stay in tissue near blood vessels, nerves and glandular structure, therefore MCs are
particularly abundant in skin, gastrointestinal tract, respiratory tract and lymphoid tissue’.
MCs growth and survival depend on the presence of stem cell factor (SCF), which bind to c-
KIT, a specific transmembrane tyrosine kinase receptor on the surfaces of MCs. The interaction
between ligand and receptor promotes as well as survival of MCs, proliferation, adhesion and

chemotaxis®.

SCF and c-KIT receptor

SCF is a grow factor expressed by fibroblast and endothelial cells, promoting proliferation,
migration, survival and differentiation of hematopoietic progenitors, melanocytes and germ
cells. It exists as two forms, bounded to the membrane or in a soluble form. The first includes

an extracellular domain, a transmembrane domain and an intracellular region. The soluble
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form is obtained as a result of a proteolytic cleavage in the extracellular domain of 165 amino
acids®. Several proteases have been hypnotized as responsible of this proteolytic cleavage,
such as matrix metalloprotease-9%°, chymase-1'! and several members of ADAMs (a
disintegrin and metalloproteinases) family like ADAM17 and ADAM33*2, Soluble SCF exists in
homo-dimeric conformation, with two dimers that interact head-head to form an elongated
dimer. This dimerization is a dynamic process, which could have a regulatory role in
dimerization and activation of c-KIT receptor'3.

The c-KIT receptor belongs to the type Il receptor tyrosine kinase family characterized by the
presence of five immunoglobulin-like domains and the presence of a kinase insert of 70-100
amino acids. The c-KIT receptor is encoded by c-KIT gene and it is a transmembrane protein
with an extracellular domain constituted by five immunoglobulin-like domains followed by a
single transmembrane region. The first part of intracellular domain, the juxta-membrane
region, has great importance for the regulation of c-KIT kinase activity because it forms a
hairpin loop that inserts into the active site and blocks itself the kinase activity. The kinase
domain consists of two subdomains, tyrosine kinase 1 and 2, separated by a kinase insert
sequence. The C-terminal region ends the proteins. Most of the phosphorylation sites are
located in the juxta-membrane region, in the kinase insert and in the C-terminal region®. The
binding of SCF homodimer to the first three immunoglobulin-like domains leads to a
conformational change that allows the receptor dimerization and activation thanks to
immunoglobulin-like domain 4 and 5 interaction. These protein-protein interactions between
transmembrane regions and kinase domains simplify their activation and phosphorylation.
The phosphorylation cascade starts in the juxta-membrane region, removing the auto-
inhibitory loop®. Then, the phosphorylation continues in an orderly manner. The phospho-
tyrosine residues act as docking sites for signaling molecules SRC and SHC kinase,
phosphoinositide 3-kinase (PIP3K) and phospholipase Cy, which activate MAP kinase pathway
that lead to intracellular calcium concentration and activation of transcriptional factors for
MCs proliferation??.

Various diseases are associated with an increased number of MCs, their activation, or both.
Basing on the clinical findings and on the histological features and clonality of MCs it is possible
to recognized disorders caused by expansion of clonal MCS and disorders caused by MCs

activation®>.



Mastocytosis

Mastocytosis is defined as an abnormal clonal MCs expansion and accumulation in various
tissues such as the bone marrow and the skin. The prevalence of the disease in unknown, but
recent population-based studies estimate 1 case per 10000 people!®'’. It comprises a
heterogeneous group of disorders that the World Health Organization (WHO) classifies into
subvariants, summarized in Table 1: cutaneous mastocytosis (CM), where there is not systemic
involvement, systemic variants (SM), and localized MC tumors82°, CM is usually diagnosed in
childhood and has a good prognosis, in many case the skin lesion disappear spontaneously
during puberty?!. WHO divides CM into macupapular CM, also termed urticaria pigmentosa
(UP), diffuse cutaneous mastocytosis (DCM), and localized mastocytoma of skin. Differently,
SM usually develops in adults, it is characterized by the infiltration of MCs in various internal
organs, such as bone marrow (BM) and gastrointestinal tract (G1)'® and usually occurs as a
chronic and indolent disease, also called “indolent systemic mastocytosis” (ISM). In some
patients is possible to diagnose more advanced type of SM, such as aggressive SM (ASM), SM

with associated hematologic neoplasm (SM-AHN), and MC leukemia (MCL) 2223,

Table 1: World Health Organization Classification of Mastocytosis (2016)%.

Categories Subtypes Diagnostic Criteria Prognosis

e Macupapular CM = UP o )

No systemic involvement (most patients are
c™m ¢ DCM . +/- Good
) children)
e Mastocytoma of skin
ISM e No high MC burden and end-organ
damages Good

e Most patients are adults

SSM e High MC burden, no end-organ damages Good
SM-AHN e SM criteria and WHO diagnostic criteria for
M AHN are fulfilled Depends on the
e Frequently associated to myeloid AHNs type of SM and
(MPN, MDS, MPN/MDS), rarely to lymphoid  of AHN
AHNs
ASM e At least 1 end organ damage Poor
MCL e BM smear > 20% of MCS

Very poor

PB smear >10% MCs

e Rare form of high-grade solid MC tumor
MCS . Very poor
e Very atypical MCs




Epidemiology

Mastocytosis in considered has an orphan disease, affecting less than 200000 people in USA.
Because of its rareness and because of the criteria that has been established in 2001, there
are not many epidemiologic studies to define the precise incidence, point prevalence or
cumulative prevalence of mastocytosis in general population!’. Mastocytosis can occur in
children and adult and even if it can occur at any age, in the 50% of the cases it occurs in the
first 2 years of life?4#2>, Mastocytosis at birth is uncommon?®. In adults, the diagnosis is usually
between 20 and 50 years of age. Since the chronic nature of the disease and the quite low
regression rate in adults, the presence of the disease in adult patients rises with age. There

are no gender differences in both incidence and age of onset?>.

Causes and pathogenesis

The interaction between SCF and c-KIT receptor seems to play and essential role in the
development and onset of mastocytosis?’. In fact, patients affected by mastocytosis show
activating mutation in the gene ¢-KIT, which encodes for c-KIT receptor, in bone marrow, skin
and peripheral blood. The most common oncogenic mutations in c-KIT are in the juxta-
membrane region, Val560Gly (V560G) or in the kinase domain, Asp816Val (D816V) (Figure 1).
The mechanism of the constitutive activation of c-KIT is not fully understood. Recent in silico
studies on the D816V mutated protein show that the mutation in the kinase domain results in
a structural change of the auto-inhibitory loop and in a weaker bond between juxta-
membrane and kinase domain?®. Consequently, the juxta-membrane region, that has an
inhibitory activity on the kinase domain, cannot suppress the enzymatic activity of c-KIT.
Another study, performed on the V560G mutated receptor, highlights that the receptor can
dimerize without the ligand bond?°. In both hypotheses, the signals of survival and
proliferation on MCs are still on and it is possible to link it to mastocytosis onset.

After the activation and degranulation, MCs generate and secrete a wide range of mediators
that are responsible of the typical symptoms of the disease. Histamine acts through 4 different
receptors, H1 to H4, and leads to vasopermeability, vasodilatation, Gl and bronchial muscle
contraction, gastric acid production and pruritus. MCs also secrete proteases, among which

the most important is the tryptase, which is constitutively secreted by them. Mastocytosis’
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patients usually have augmented levels of serum tryptase and histamine3%3!, as well

interleukin 3 and 16, and tumor necrosis factor-o32.

Clinical features

Cutaneous hallmarks

Skin is usually the most common organ involved in mastocytosis, it is often the first sign of the
disease and in children it could be the only manifestation of the disease. The most frequent
skin manifestation both in children and adults is urticaria pigmentosa (UP), characterized by
yellow/brown macules mainly on the trunk and legs33. Symptoms include pruritus, flushing
and blistering. UP lesions are detectable in more than 90% of ISM patients and less than 50%

of SM-AHNMD or ASM. Regression of the lesion might not indicate disease recovery®3334,

Gl Symptoms

Gl symptoms are quite common in patients affected by mastocytosis. The typical symptoms
include diarrhea and bloating, followed by nausea and abdominal pain3>=7. Some patients are
also are also usual to develop duodenal ulcers because of the increase of gastric acid secretion
caused by higher histamine production and secretion from MCs3>3¢, The frequency of Gl
symptoms do not seem correlated to the presence of D816V mutation nor to the levels of

tryptase nor to the age of onset of mastocytosis3®-38,

Bone marrow pathology

SM is usually diagnosed following a bone marrow histopathologic analysis, as proposed by
WHO (Table 1). ISM, the most common variant of SM is diagnosed when criteria for

mastocytosis are underlined and there are no evidences of an associated clonal hematologic

disorder nor sever liver disease and lymphadenopathy?°.

Hepatic and splenic findings

Liver, spleen and lymph nodes are damaged in patients affected by SM, especially in the most

aggressive forms3°. Usually, MCs infiltrates could be found in the paratrabecular compartment

11



of the spleen and in the paracortex of lymph nodes. Liver involvement is as well common, but

severe liver disease is present in patients with aggressive forms*°,

Diagnosis

Diagnosis of mastocytosis is based on clinical manifestation, histopathology analysis and
laboratory evaluation, and then is classified as a variant according to WHO criteria (Tables 1
and 2)*'. The diagnosis of CM is based on a general macroscopic visual analysis followed by a
lesioned skin biopsy to confirm the characteristic histopathology pattern. CM must be
distinguished from diseases which share similar characteristics; UP lesions have increased MCs
number in the dermal papillae below macules and papules, especially near blood vessels in
the upper dermis*?. MCs may also appear as nodular infiltrates within the papillary dermis and
subcutaneous tissues and may also be found in increased numbers in the normal-appearing
skin between lesions of UP*2. The differences in the histologic pattern in CM are related to the
density of MCs infiltrates.

The actual procedure to diagnose SM consists of a medical examination, which includes a bone
marrow biopsy, a serum tryptase level and an analysis to look for an activating mutation in c-
KIT, preferably on bone marrow mononuclear cells. The diagnosis of SM requires fulfilling of
the major criterion, consisting of multifocal dense MCs aggregates, and 1 minor criterion, or
3 minor criteria?® (see Table 2). In pediatric cases, bone marrow biopsy is not supported
warmly unless there is an evidence of systemic disease, confirmed by hepatosplenomegaly,
lymphadenopathy or unexplained peripheral blood abnormalities. In addition, it is
recommended an immunohistochemistry analysis to identify CD25* MCs, because it has been
demonstrated that CD25 is expressed on most MCs in mastocytosis*>. The analysis of other
tissues, like spleen, liver or Gl mucosa, could help to determine the expansion of MCs, but are
not typically necessary. In case of involvement, the histopathologic profile of biopsy from
these tissues is similar to that in the bone marrow and the MCs infiltrates are often
CD25+35’36’44-

Despite the efforts from the WHO in providing more specific and accurate criteria, in clinical
practical distinguish the different form of mastocytosis disease is not so easy. Sometimes, it is
possible to find patients that show symptoms of both CM and SM forms (SM+C), with MCs
accumulation in the skin as well as other extracutaneous organs. The absent of a strong
method of diagnosis and classification and the overlap of some clinical symptoms in the
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different forms of mastocytosis make urgent the discovery and characterization of potential
disease-specific biomarkers. A valid and efficient tool for this challenge is constituted by
proteomic-focused approach, even though a few proteomic studies have been performed on

mastocytosis disease®.

Therapy

Symptomatic therapy

In most patients affected by CM or SM, symptomatic therapy is required independently from
the subvariant to control mediator secretion or mediator effects. The therapy that results to
be efficient in most of the symptomatic patients is a combination of histamine receptor (HR1
and HR2) antagonists*®. However, in a few patients, symptoms remain even at maximum
doses of HR blockers. In fact, some of these patients suffer from coexisting allergic disorders
and, for them, it is important to know the spectrum of triggers/allergens to avoiding the
allergen contact. Sometimes, additional glucocorticosteroids*” could help suppressing the
adverse reactions3>*8, In those patients with detectable IgE, immunotherapy is usually
recommended*>°0, It is important to know of the full spectrum of mediator-related symptoms
in SM, the organ systems that can be involved, potential drug side effects and the exact
diagnosis and subvariant because in many patients SM-related symptoms are confused with

unrelated features and symptoms, highlighting coexisting disorders®?.

Targeted therapies

Several targeted drugs have been developed to treat patients affected by advanced MC
disorders. Many of these are oriented against the mutated form of KIT D816V>24, Drugs like
midostaurin, desatinib>>°® and nilotinib>”->8 are reported to inhibit the growth of MC lines and
primary neoplastic MCs with c-KIT D816V mutation in vitro>®. However, these effects are
usually moderate and ephemeral and are followed by a fallback>%°, Presently, clinical trials
are focused on the scan of the real antineoplastic potential of these drugs in ASM and MCL.
An issue of that, in ASM and MCL, c-KIT-independent pathways could play an important role
in disease progression®!, so it was not surprising that some treated patients who responded
at first, relapsed early®. Therefore, recent studies are focusing on drug combination directed

against KITD816V and other relevant KIT-independent kinases, like Lyn and Btk.
13



Prognosis

Generally, children have more favorable prognosis'®®2%4, Children with CM usually recover
without any treatment in adolescence'®°1>, In adults, the healing of the cutaneous wounds
could be correlated with the reduction of clinical manifestation but may not indicate the
disease regression. In fact, in many case even if the skin lesions decrease, the bone marrow

continues to show MCs involvement and the diagnosis of SM is maintained due to WHO

criteria3*°1,

Figure 1: Description of c-KIT receptor®®.

D1
D2 Ligand binding

D3

Ig-like domains

D4
Dimerization

DS

{((((((( {
Transmembrane domain
(e Aricricridedcrdadidrddddadddcddddddddridddddddddadand

Juxtamembrane domain V560G (GISTs)

Kinase domain |

Kinase insert

Kinase domain Il D816V (mastocytosis, AML)

Cytoplasmic tail
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Table 2: Diagnostic criteria for cutaneous and systemic mastocytosis®°.

c™M
Urticaria pigmentosa, maculopapular CM, DCM, or solitary mastocytoma and typical MCs infiltrates
in a multifocal or diffuse pattern on skin biopsy
SM
Major and 1 minor, or 3 minors, criteria are required for the diagnosis of SM
Multifocal infiltrates of MCs detected in bone marrow or other extracutaneous
organs, and confirmed by tryptase immunohistochemistry
More than 25% of MCs in the infiltrate have atypical morphology or more than
25% of MCs in bone marrow are immature or atypical
Detection of c-KIT point mutation at codon 816 in bone marrow, blood or other

Major criterion

Minor criteria extracutaneous organs
MCs in bone marrow, blood or other extracutaneous organs co-express CD117
with CD2 or CD25
Serum tryptase concentration higher than 20ng/ml

SM criteria were defined by the WHO in 2001 and have been confirmed in the WHO updates of 2008 and 2016
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Proteomics in detection and characterization of potential biomarkers

The term proteomics indicates the qualitative and quantitative study of the total functionally
protein pattern expressed by a genome in a certain period of a cell, a tissue or an organism. A
proteomic study includes the characterization of all the isoforms and post-translational
modifications (PTMs), such as phosphorylation, glycosylation, proteolytic cleavages, and
others, of a certain protein. Since the expression of a protein and/or PTMs can change
depending on the cell type and answering to different endogenous and exogenous signals, to
perform a proteomic study could be helpful to understand how and when these changes
occurs, and how the proteins play different roles in different pathways during the life cycle of
a cell, a tissue or an organism. Thus, a proteomic study may be considered as a valid tool to
investigate different pathological and physiological states and highlight potential biomarkers.
In fact, a proteomic study can analyze at the same time hundreds or thousands of proteins
and peptides that are part of a biological system (tissue, cell culture, serum, plasma, urine,
saliva, cerebrospinal fluid, synovial liquid). Moreover, it allows the structural characterization
of proteins, their quantitation and the qualitative and quantitative comparison of the same
protein pattern in different conditions (physiological, environmental, pharmacological and
pathological). One of the most important application of proteomics is the identification of
biomarkers useful for prognostic and diagnostic aim, to monitor the response of a patient to
therapeutic treatments, and as indicators of disease state. Proteomics-based approaches
could be helpful in different clinical aspects, such as discovery of modified pathways in a
specific disease, identification of individuals inclined to manifest a disease, to respond to
specific therapeutic program or develop side effects®’~%°(Table 3).

Proteomics studies take advantage of high yield, sensitivity, accuracy and selectivity of
technologically advanced methodologies, such as mass spectrometry, bioinformatic tools and
proteomics and genetics databases. Nowadays, are present different proteomics platforms,
each of which present advantages and disadvantages, distinct in top-down, bottom-up and
middle-down’%’1(Figure 2). Top-down approaches are based on the analysis of the intact
sequence of the proteins, avoiding sample degradation. These methods are useful because
they will give more information about PTMs, which are important in the comprehension of
protein biological functions. On the other hand, top-down analysis does not allow the
characterization of high molecular weight or glycosylated proteins. In fact, high molecular
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weight proteins do not provide a complete MS/MS fragmentation, and the obtained MS/MS
spectra are too complex to be read by bioinformatic software’?. In bottom-up platforms, the
samples are subjected to a complete proteolytic digestion by using specific enzymes such us
trypsin before the analysis of the peptide fragments by high-throughput analytical methods.
Then, the presence of a protein in the sample is assumed when one or more of its specific
fragments are detected. This procedure gives rise to numerous peptides, depending on the
complexity of the sample under study. Thus, many tryptic peptides are quite often not
detected, leading to an inadequate sequence coverage and to an important loss of
information, such as PTMs and proteoforms presence’!. Nerveless, this approach is useful to
sequence or characterize purified proteins, since not many peptides would be generated upon
complete trypsin digestion of a protein compare to the complete digestion of a mixture of
several proteins. Middle-down approach combines the feature of bottom-up and top-down
approaches with the aim to arrive at optimum conditions. Middle-down techniques study
truncated peptides obtained by limited proteolysis or restricted digestion, thanks to the
optimization of the incubation time of proteolysis or manipulating the relative concentration
of enzyme and substrate’?. Thus, the size of resulting peptides would be greater than the ones
that are usually originated by bottom-up approaches. Moreover, the number of proteolytic
peptides in samples would be relatively lesser than in bottom-up, resulting in a less samples

complexity and therefore in an enhanced probability of detecting unique peptides’?.
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Table 3: Overview of different proteomic studies.

Proteomics

Interaction
proteomics

Structural

proteomics

Expression
proteomics

Proteogenomics

Biomarkers

Identification of protein interactions, protein complexes and interactomes
through affinity purification followed by protein mass spectrometry, using
tagged protein baits.

It is useful for biological networks and system biology (cell signaling cascades
and gene regulatory networks

Comparison of protein structures to identify functions with X-ray crystallography
and NMR spectroscopy
It gives information about protein/protein and protein/drugs interactions

Analysis of proteins expression by using 2D-PAGE and mass spectrometry

It permits the comparison between diseased and healthy tissue to find drug
target or diagnostic marker.

Improvement of gene annotation through mass spectrometry in order to
discover PTMs and proteolytic events.

Identification of candidate biomarkers, bacterial targeted by the immune
response and immunohistochemistry markers of infectious or neoplastic
diseases. It uses techniques as western blot, immunohistochemical staining,
ELISA and mass spectrometry

Figure 2: Top-down, middle-down and bottom-up approaches’.
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Saliva as a diagnostic fluid functional in proteomics studies

Saliva is a complex body fluid originated mainly from the secretions from the salivary glands,
gingival crevicular fluid (GCF) and plasma exudate. Approximatively 90% of saliva is produced
by major salivary glands: parotid, submandibular and sublingual glands. Around 10% is
produced by minor salivary glands which are distributed in the oral mucosa (lingual, labial,
buccal, palatine, gloss palatine)’. Salivary flow differs in the stimulated and unstimulated
state. In the stimulated state, parotid glands contribute more than 50% of the totally salivary
flow; in unstimulated state, submandibular glands contribute for 65% of the flow, parotids
gland for 20% and sublingual for 7-8%’4. The saliva composition is wide, and it includes
enzymes, such as amylase, lysozyme, lipase and lactoperoxidase, glycoproteins, lipids
(hormones such as testosterone and progesterone), proteases and high concentration of
inorganic ions like sodium, chloride, calcium, potassium, bicarbonate, magnesium and
phosphate’. In saliva, has been identified more than 2000 proteins and peptides’®, 90% of
which derives from the secretion of the three major glands and belongs to the class of proline-
rich proteins (PRPs), divided in acid, basic and basic glycosylated proteins, a-amylase, mucins,
salivary cystatins, cystatin C and D, histatins, statherin and P-B peptide’’ (Figure 3). The
remaining 10% of proteins are secreted by minor salivary glands, or derive by exfoliated cells,
by leucocytes present in the gingival-crevicular fluid, like S100A proteins, a-defensins and B-
thymosins’®, by the plasma exudate, like serum albumin and many others present in very low
amount, and by the contribution of the microbial oral flora. During their transit in the
secretory pathway, salivary proteins can undergo to some PTMs, including loss of signal
peptide and several post translational modification such as phosphorylation, N-terminal
acetylation, glycosylation, sulfation and proteolytical cleavages’. Further modification of
proteins and peptides could occur in the oral cavity by the action of oral enzymes.

Saliva has multiple functions (Figure 3): firstly, it is involved in many physiological processes,
like mastication and early food digestion; in addition, it plays important protective functions
on oral tissues and teeth, including the control of the demineralization and remineralization
of teeth, the formation of the protein pellicles covering the oral surfaces, and the modulation
of the adhesion of microorganisms to teeth and mucosa®’. Indeed, saliva plays an important
role in the health maintenance of oral cavity, through its antibacterial and antiviral activity,
and in the lubrification and repair of oral mucosa®.
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Considering the great variety functions and its role in oral homeostasis, in the last decades a
great number of studies focused on the comprehension of the composition and function in
which salivary proteins and peptides are involved in order to understand their mechanism of
action, their interaction and relation with other components of the oral cavity’>’>#2, Most of
them are specific of the oral cavity, while others that are not part of the normal salivary
constituent are expressed also in other tissues and biological fluids and can reach saliva by
several ways, such as passive transfer, diffusion or ultrafiltration. These proteins, such as
S100A, a-defensins and B-thymosins, can allow monitoring physiological/pathological
alteration not only in oral cavity but also at systemic level. Considering its easy, rapid and non-
invasive collection, saliva is considered an ideal candidate for diagnostic and prognostic
purposes, both for oral pathologies and systemic diseases®2°. Indeed, alteration in salivary
profile in different physiological states, like age, gender, diet or circadian variation’>7°8386.87
or in pathological states could be virtually helpful for diagnostic aims®2. Several research
groups have been working on this field, showing the possibility to define different protein
profiles that characterize the different diseases and underling significant
qualitative/quantitative differences in some of the salivary proteins/peptides between
patients and controls®8-9,

For example, salivary proteome in subject with oral carcinoma showed increased levels of
transferrin®’, many truncated forms of cystatin SN and 46 proteins and peptides with
significantly different concentration compared to healthy controls®’. Moreover, studies
performed on saliva from subject affected by head and neck squamous cell carcinoma have
identified several potential biomarkers by using SDS-PAGE MALDI TOF/TOF-MS. Other
biomarkers involved in inflammation and bone resorption have been characterized coupling
2-DE to MALDI TOF/TOF-MS®3.

Down’s syndrome, a frequent genetic disorder in human, have increased risk of health
problems associated to this condition. Change in the salivary proteome profile of patients with
Down’s syndrome, when compared to controls, were highlighted by HPLC-ESI-MS-based top
down proteomics approach®. In particular, S100A7, A8 and A9, and A12 proteins exhibited
significantly increased levels that could be of particular interest as a biomarker of early onset
of Alzheimer disease, which is frequently associated to Down syndrome®,

The study of Castagnola et al. on subjects affected by autism spectrum disorders highlighted

the hypo-phosphorylation of histatin-1, statherin and different forms of aPRPs in
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approximately the 60% of patients®, indicating a lower activity of the FAM20C kinase
responsible for the phosphorylation of the peptides/proteins in the salivary glands. The same
kinase was found active in many other tissues, brain included, where could be involved during
the proper development in the early life. This study indicates that the analysis of salivary
phospho-peptides could help to discriminate a considerable subgroups of autism spectrum
disorder patients®>.

SAPHO patients exhibited increased levels and frequency of S100A12 protein, a pro-
inflammatory protein whose high expression is probably related to the inflammatory response
and to the altered neutrophil responses to functional stimuli that characterize this disease;
thus, S100A12 could be used as a salivary biomarker®®.

The salivary proteome of Wilson’s disease patients reflexed oxidative stress and inflammatory
conditions characteristic of the pathology, underling difference that could be useful clues of

disease exacerbation®’.

Figure 3: Composition of human saliva and function of its principal components.
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Proline-rich proteins

PRPs represent the major fraction of human saliva, more than 60% in weight of the salivary
proteome; it is possible to distinguish acid PRPs (aPRPs), basic PRPs (bPRPs) and basic
glycosylated PRPs (gPRPs). This protein family shows high abundance of proline residues,
which represent with glycine and glutamine 70-80% of the sequence®.

aPRPs, secreted from parotid (70%) and submandibular and sublingual glands (30%), are
expressed by two loci, PRH1 and PRH2, located in 12p13 chromosome; PRH1 encodes for PIF-
s, Db-s and Pa isoforms, PHR2 encodes for PRP1 and PRP2 isoforms. PRP-1, PRP-2, PIF-s
(usually indicated as PRP-1 type) and Db-s can undergo to proteolytic cleavage in Arg-106 by
the action of a pro-protein convertase, producing a 44 amino acids peptide, called P-C peptide
and corresponding to the common C-terminus, and four truncated isoforms called PRP-3, PRP-
4, PIF-f (PRP-3 type) and Db-f. Pa isoform, which contains a cysteine residues at position 103
instead of arginine due to the loss of the consensus di-basic sequence of the convertase,
cannot undergo to proteolysis but is found in dimeric form through a disulfide bond. The main
isoforms have a pyro glutamination at N-terminus and are phosphorylated in Ser-8 and Ser-
22 by FAM20C kinase®?; non-phosphorylated, mono-phosphorylated of both PRP-1 and PRP-
3, and tri-phosphorylated on Ser-17 of PRP-1 proteoforms are also detectable!®. Dimerization
of aPRPs can occur after secretion due to the action of transglutaminase®l. These proteins
regulate the calcium homeostasis of the oral cavity and participate on the formation of protein
pellicle that covers and protects oral mucosa and tooth enamel. aPRPs are able to interact
with some bacterial species and participate to selective colonization of oral microflora®.
bPRPs are the more complex family of salivary protein in terms of genetic variability and post-
translational modifications®®. These proteins are secreted by parotid glands and are the
expression product of four loci, PRB1, PRB2, PRB3 and PRB4, located in 12p13.2 chromosome
near aPRPs genes. In all of the loci are present at least three alleles called S (small), M
(medium) and L (large)'9%193; the fourth allele called VL (very large) is described only for PRB1
and PRB3 loci'®, Each allele encodes for a big pre-pro-protein that undergoes to proteolytic
cleavage from a convertase and a C-carboxypeptidase that generates mature bPRPs. Some of
them can be phosphorylated by Fam20C kinase or N- or O-glicosilated®. From PBR1 pro-
proteins derive II-2 peptide (from S, M, L alleles), P-E peptides (S allele), IB-6 protein (S allele),
Ps-1 (M allele) and Ps-2 proteins (L allele). From PBR2 pro-protein are obtained IB-1, P-J, P-H,
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P-F peptides and IB8a protein (L allele). PRB3 and PRB4 pro-proteins produce glycosylated
proteins and P-D peptide (S, M, L alleles). bPRPs functions are not completely known, but some
of them bind to tannins preventing their absorption and toxic effect in the gastrointestinal

tract'®. Moreover, these proteins are also involved in bitter taste sensitivity°¢:107,

Statherin e P-B peptide

Statherin is a 43 amino acids peptide secreted by both parotid and submandibular glands'°8,

encoded by STATH gene located in 4q13-19 chromosome!®. The peptide is detectable in saliva
as a di-phosphorylated at Ser-2 and Ser-3, mono-phosphorylated on Ser-2, and non-
phosphorylated proteoforms. In adult human saliva are also detectable both C- and N-terminal
truncated proteoforms®®, SV-1 (lacking the C-terminal Phe43) and statherin des-Thr42-Phe43

108 while the N-terminal removal generates

generate during maturation in secretory granules
statherin des-Asp1, statherin des 1-9, statherin des 1-10 and statherin des 1-13. Statherin has
high affinity for calcium ions and, as aPRPs, plays an important role in calcium homeostasis in
the oral cavity and in calcium and phosphate transport during salivary gland secretion09111,112,
In saliva it has also been observed a cyclic form called cyclic-statherin, that it is formed for the
action of type-2 transglutaminase naturally present in oral cavity, which is involved in the
formation of the protein pellicle covering the enamel and of oral mucosa®®?.

P-B is a small peptide rich in proline encoded by PROL3 gene, located on chromosome
4013.3%%8, very close to the statherin gene, suggesting a functional relationship with this
proteins. Its amino acid composition is similar to that one of salivary PRPs from which differs
for the presence of three tyrosine residues in its sequence!!®. P-B peptide is principally
secreted by submandibular and sublingual glands and in a smaller amount by parotid®, There
are different truncated forms of this peptide in saliva, whose cleavage probably occurs after
secretion!®, Differently from statherin, none specific function for P-B peptide and its fragment

has been proposed?0®110,

Histatins

Histatins are small cationic peptides secreted by major and minor salivary gland, whose name
derives from the high number of histidine residues that are present in their sequences. These
peptides derive from the expression of two genes, HIS1 and HIS2, located in 4q13

chromosome. The products of these two genes are respectively histain-1 (His-1) and histatin-
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3 (His-3) that, despite the high sequence homology, follow different maturation pathways and
show different biological activity. His-1 is a peptide of 28 amino acids phosphorylated in Ser-
2 probably by FAM20C kinase that recognized he consensus sequence Ser2-Asp3-Glu4100.108,
His-1 is detectable in saliva both phosphorylated and non-phosphorylated form. Moreover,
sulfated proteoforms on Tyr residues of His-1 were characterized in saliva''®. Nowadays it is
difficult to understand the biological significance of these modifications, in any case, the role
of His-1 to participate to wound healing and cell migration has been demonstrated!'#1>,
His-3 is non-phosphorylated, indeed it does not has the consequence recognizable by
FAM20C; smaller histatins are generated by multiple cleavages of His-3!'6; among them,
histatin-5 (His-3 1-24) is the most abundant'®®!16, Zhou and colleagues propose that the
proteolytic cleavage happens to combine action of convertase and peptidase located in trans
cisternae of Golgi and in secreted vesicles''’. Histatins play an important role in homeostasis
and in innate defense of horal cavity, acting as a strong antibacterial and antifungal agent*1¢,

especially against Candida Albicans®'’.

Cystatins

Cystatins are a superfamily of inhibitory cysteine proteases!!®. The family includes type 1
cystatin (cystatin A and B), type 2 cystatins (C, D, E, F, S, SN, SA), type 3 cystatin or kininogens.

Cystatin A and B are inhibitors of papain and cathepsin L, S and H.

119 120

Cystatin A is expressed in epidermises!'®, oral mucosa'?®, lymphocytes, neutrophils???,

122

lymphoid tissue!??, while cystatin B is widely expressed in different cells and tissues!?3124 |t is

possible to detect two isoform of cystatin A, acetylated and non-acetylated on its N-
terminal®¥12>; moreover, Manconi et al. highlighted the presence of another variant, cystatin
A T96> M, that could be both acetylated or not acetylated in N-terminus?®, Cystatin A is a
proteases inhibitor involved in cellular proliferation and augmented levels have been

126

correlated to atopic dermatitis*“® and have been found in noncancerous tissues surrounding

127

hepatocellular carcinoma cells**’. Moreover, polymorphism in the gene for cystatin A have

been associated to different inflammatory skin disease such as congenital exfoliative

128 and acral peeling skin syndrome'?°,

ichthyosis
Cystatin B is N-terminally acetylated and usually it is detectable in adult saliva only as oxidized
proteoforms on its Cys-3 residue: glutathionylated (SSG), cysteinylated (SSC) and disulfide
dimer (S-S)*3°. In addition to his cathepsin inhibitory power, cystatin B shows other important
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functions, as prevention of apoptosis*>*, reduction of oxidative stress*** and neuroprotective
role acting like a chaperon on A peptide!®3.

Type 2 cystatins comprise five salivary cystatins (S, S1, S2, SA, SN) and the cystatins C and D.
Cystatin S, SN and SA are produced mainly by submandibular glands, present 90% of sequence
homology and are the consequence of genic expression of a genic cluster in 20p11.21
chromosome!®®, Cystatin S may be mono-phosphorylated on Ser-3 (cystatin S1, represent 60-
70% of the total amount) or di-phosphorylated on Ser-1 and Ser-3 (cystatin S2, 20-30%)836:108,
Recently, other PTMS of salivary cystatins were characterized in saliva'?®>. Cystatins are
inhibitors of cysteine protease, suggesting a role on oral cavity of protection against
pathogens and on the control of lysosomal cathepsins?°. This activity is marked for cystatin
SN and less evident for SA and S, which have more tendency on calcium binding; for this
reason, these proteins seems have, with statherin, an important role on mineral homeostasis
of teeth®34,

Cystatin C is a powerful inhibitor of cysteine-protease such as cathepsin B, H, L and S; it is
made of 120 amino acids and it is widely expressed in all cells and tissues, salivary glands
included. It seems to have a protective function on connective tissue, preventing its
degradation from enzymes that escape from lysing cells or whose secretion has been altered
by malignant cells'3>. Recent study has demonstrated that oligomerization of this protein
leads to the formation of amyloids plaques in older people. This pathological pathway is quick
in case of a mutant protein®3®.

Cystatin D is a peptide made of 122 amino acids and acts as a strong inhibitor against cathepsin
S, Hand L'37138 Furthermore, cystatin D is involved in the inhibition of proliferation, migration

and invasion of colon carcinoma cells!3?

, regulation of antigen presenting cells activity'° and
modulation of gene expression related to its nuclear activity localization!*!. This peptide exists
in two natural variants with cysteine or arginine in position 26 because of gene

polymorphism?13’

, indicated in this manuscript as cystatin D-R26 and cystatin D-C26. Manconi
et al. identified in acid-soluble fraction of saliva different proteoforms of cystatin D: cystatin
D-R26 lacking the first four amino acids from the N-terminus (des1-4) and carrying two
disulfide bonds; cystatin D-R26 des 1-8 with two disulfide bonds; cystatin D-R26 des1-5 with
the N-terminal glutamine residue converted to pyro-glutamic acid and with two disulfide

bonds?>, Cystatin D-C26 has been never observed in salivary samples by HPLC-ESI-MS-based

top-down proteomic analysis of acid-soluble fraction of salivary proteins, probably because
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the presence of the cysteine lead protein precipitation during acid-treatment. The presence
of the cysteine residue could lead to the formation of insoluble adducts with many interactors.
A preliminary study, performed with the aim to characterize both cystatin D variants in adult
saliva, highlighted the participation of cystatin D-C26 in the formation of a protein complex of
ca 250kDa by interaction with protein partners. The identified protein partners are involved
both in innate/acquired immune system and inflammatory responses, such as
immunoglobulins, polymeric immunoglobulin receptor (PIgR), lysozyme C, S100A8 and

S100A9142,

Antileukoproteinase

Antileukoproteinase or human secretory leukocyte protease inhibitor (SLPI) is a basic non-
glycosylated protein made of 107 amino acids residue rich in cysteine that participates to
innate immune system. SPLI is the genic product of SLPI/ gene, located in 20g12-13.2
chromosome!#3. This protein is produced by neutrophils, macrophages, pancreas B-cells,
epithelial cells associated to respiratory tract mucosa, parotid and submandibular gland*3. It
was identified in many secretions like whole saliva, seminal fluid, breast milk, synovial fluid,
tears and cerebrospinal fluid®343, The mainly function of SLPI is protect tissues against the
consequences of inflammatory conditions: it protects tissue inhibiting elastase and trypsin
secreted from neutrophils, which can lead to wide damage and tissue degradation as well as
in disease like cystic fibrosis, pulmonary emphysema, chronic bronchitis and bacterial
pneumonias®. In fact, thanks to its cationic character, it is able to aggregate onto microbial
membranes and lead to destruction of the membrane via formation of ion channel,

transmembrane pores or membrane rupturel44,

a-defensins

Defensins are cysteine-rich, cationic small peptides that contain 18-45 amino acid residues.
Mammalian defensins are classified in alpha (a), beta (B) e theta (8) depending on the pattern
of disulfide bridges formation between six conserved cysteine residues'*. a-defensins (HNP —
Human Neutrophil Peptides) are salivary peptides rich in cysteine and tyrosine with 3 disulfide
bounds!#>. Recent studies have found that in saliva are present a-defensin 1, 2, 3 and 4 and B-
defensin 1 and 214, Salivary a-defensins comes from GCF, in which defensins are the principal

147

secretory component of the neutrophils!*’ and represent 40% of total protein amount4,
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GCF origins from gingival plexus and carries also serum proteins, inflammation mediators,

17 a-defensins are expressed in

metabolites and degradation products of host cells
neutrophils in which they play a role in the oxygen-independent killing of phagocytosed
microorganism linked to their antimicrobial and antiviral activity, therefore they play an
important role in innate immunity responses'#®. Their first interaction with bacteria is
mediated by their positive net charge that match with the negative net charge of the bacterial
cell membrane. The electrostatic forces lead to bound, aggregation and integration of these
peptides into the lipid bilayer. The integration of defensins into the bacterial membranes
results in the formation of ion channels, transmembrane pores and membrane rupture,
resulting in the destruction of the bacteria'®%>!, Defensins can also act as regulators of cellular

volume and chemotaxis and inhibitors of natural-killer cells4°.

B-thymosins

B-thymosins are ubiquitous peptides with important intra and extra-cellular functions.
Thymosin B-4 (TB-4), encoded by TMSB4X gene clustered on Xp22.2 chromosome, is the most
abundant. It is a moonlighting peptide that plays different biological roles, among them the
modulation of actin polymerization and thus the rearrangement of the cytoskeleton, the
endothelial cell migration?>?, differentiation and maturation of endothelial cells'>3, tissue
repair and regeneration®*. Several studies demonstrated its ability to protect heart!>,
brain'>® and cornea®®’ from tissue damages. TB-4 is a strong angiogenesis stimulator, indeed
thymosin B-10 (TB-10), encoded by TMSB10 located on 2p11.2 chromosome, inhibits this
pathway®®. TB-4 has been identified in whole saliva and tear using immunological
techiques®31°91€0 The study of Castagnola et al. on preterm human newborn saliva evidences
a high concentration of TB-4 and B-10 in the oral cavity, suggesting a role of these peptides in
the development of oral cavity and showing that salivary gland possess specific secretory
capability even during prenatal maturation stages. Then, during the middle phases of fetal
development the switch of secretion happens, with a progressive decrease of thymosins
concentration to adult-like levels 83161, |n adult, the presence of TB-4 and TB-10 in salivary
fluid is due to the contribution of GCF, where these peptides are released by neutrophils®°,
In saliva, thymosins act as antibacterial, anti-inflammatory and antiapoptotic agent on gingival

fibroblasts®2.
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S100A proteins

The S100A proteins belong to a low-molecular weight family of protein carrying Ca?*-binding
EF-hand motif and are expressed only in the vertebrates!®3. Most of S100-coding genes are
clustered on 1921 chromosome; this organization gave rise to the nomenclature of the S100
proteins: those ones encoded by genes located in the cluster on chromosome 1 are called
S100A proteins with number 1-16 depending of the position of the gene in the cluster®4. The
remaining S100 genes are located on chromosome 21g22(S100B), Xp22 (S100G), 4p16 (S100P)
and 5q14 (S100zZ).

S100A are characterized by two Ca?*-binding EF-hand motifs connected by a linker. The C-
terminal motif is typical of Ca?*-binding proteins, while the N-terminal motif owns an extended
specific structure for S100 proteins (“pseudo EF hand”), which cause a reduced Ca?* affinity.
The bound of calcium provokes structural modifications that allows them to bind and
modulate the activity of other proteins'®®. They are constitutively expressed in neutrophils,
myeloid cells, platelets, osteoclast and chondrocytes, but can be induce and overexpressed in
macrophages, monocytes and fibroblasts in acute and chronic inflammatory and oxidative
stress conditions'®®%7, Their involvement has been indicated in a wide range of intracellular
and extracellular functions: regulation of calcium homeostasis, cytoskeletal rearrangement,
contraction and motility, cell growth and differentiation, membrane organization, promotion
of wound repair, protection against microbial proliferation chemotaxis, apoptosis, promotion
of wound repair, protection against microbial proliferation, control of ROS formation,
inflammation and protein phosphorylation and secretion'®®1%8  Their activity could be
regulated by formation of homodimers and heterodimers and through PTMs such as
phosphorylation, N-terminal acetylation and oxidation of cysteine, tryptophan and
methionine residues, which could change their ability to bind to ions or target
proteins!®®169.170 Among the S100Aproteins, SI00A7, S100A8, S100A9, S100A11 and S100A12
have been detected in human saliva’®83108,

S100A7, also called psoriasin, is present in two isoforms, E-27 and D-27, of which D-27 is
present in adult saliva®. Both S100A7 isoforms are N-terminal acetylated following the loss of
the initial methionine. S100A7 acts like a chemotactic agent and it is able to attract
lymphocytes and neutrophils?’®. Its overexpression is related to many epidermal inflammatory

diseases, such as atopic dermatitis, mycosis fungoides and inflammatory lichen sclerosis and
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atrophicus!’?2. Moreover, since its high level of expression in psoriatic lesions, investigators
propose that it may have chemotactic role in psoriasis’2. S100A7 expression is also increased
in invasive skin cancers such as squamous cell carcinoma®’.,

S100A9 was identified on human granulocytes as four isoforms!’?, which were also
characterized in saliva from newborns®3. Two of them, defined long-types, are acetylated
following loss of the N-terminal methionine residue; they differ each other for the
phosphorylation in threonine 112. The other two, defined as short-types, are acetylated
following the loss of the last five amino acid residues and differ from each other in the
phosphorylation of threonine 112, Recently, many modified forms of S100A8 and S100A9
have been discovered. In fact, these proteins are readily oxidized by reactive oxygen/nitrogen
species, which promote structural changes that modify their functions. For example, oxidation
of murine S100A8 to disulfide-linked dimers'’* or intermolecular sulfonamide-linked”®
complexes blocks its chemotactic activity, while the activity of human S100A8 and S100A9
regarding neutrophils migration is regulated by oxidation’®1”7, Lim et al. showed that S100A8
and S100A9 are S-nitrosylated by the physiological NO donor S-nitrosoglutathione (GSNO) in
vitro'’®. Moreover, my research group characterized derivative of S100A8 and S100A9 with
different levels of oxidation via an integrated top-down and bottom-up approach on acid
soluble fraction of whole saliva in Wilson’s disease patients®”. SI00A8 oxidation includes
methionine 1 and 78 (M1, M78), tryptophan 54 (W54) and cysteine 42 (C42). Other
proteoforms were discovered, which shows C42 oxidized to sulfonic acid (S100A8-SO3H). One
of them has a further oxidation at W54 (S100A8-SOsH/W540x), another has W54 and M78
oxidized (S100A8-SOs3H/W540x/M780x) and the last has W54 dioxidized (S100A8-
SO3H/W54diox). All these proteoforms were named hyper-oxidized S100A8%’. The
glutathionylation in Cys-41 of S100A8 was also characterized, as well as the disulfide bound

with S100A9 that generates S100A8/A9 dimer®’.

Salivary antibodies and polymeric immunoglobulin receptor (PIgR)

Immunoglobulins (Ig) or antibodies are the antigen recognition molecules of B cells. An Ig is
made of 2 identical heavy chains and 2 identical light chains (kappa or lambda), joined by
disulfide bridges that bind a heavy chain to a light chain and the two heavy chains together.
Each Ig heavy chain has an N-terminal variable region containing the antigen-binding site and
a C-terminal constant region that provides effector or signaling functions. Igs are the product
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of expression of genes located in three major loci: 14932.33, 2p11.2 and 22q11.2%7°.

Salivary antibodies constitute the first defense against antigens in saliva, in the mucosal layer
on the epithelial surfaces and in the acquired enamel on the tooth. In saliva are present two
principal classes of immunoglobulins, secretory IgA and IgG44189-182 Secretory IgA, originating
from salivary glands and mucosal cells, is primarily in dimeric form even though in some case
could be in polymeric form, while salivary IgG is monomeric and it origins from serum and

passes in saliva through gingival crevices'8?

. Despite IgA and I1gG represent the most abundant
antibodies, it is possible to find in human saliva very small amount of IgM, IgD and IgE
antibodies?,

Salivary secretory immunoglobulins are produced by specific B cells that stay in the salivary
glandular stroma and in the oral mucosa®3184: these cells release mainly dimeric and also
polymeric IgA and a few pentameric IgM, stabilized by an incorporated 15kDa J chain'®2. Both
molecules are then internalized from interstitial space and exported to the saliva by salivary
epithelial transport mechanism using the polymeric immunoglobulin receptor (PIgR) and its
secretory component (SC), which exhibits high affinity to the J chain of dimeric IgA and
pentameric IgM?*2, PIgR is a glycoprotein of 100kDa, which is constitutively expressed in
basolateral surface of glandular epithelial cell’®? and mucosal epithelial cells'®. At the
basolateral epithelial surfaces, the J chain binds to SC, leading to molecular transport that
starts with the internalization of SC bound to the antibodies and ends with the exocytosis in
the apical cell surface into the glandular lumen or into the oral cavity. The process is paired to
the cleavage of SC from PIgR'®2. Then, the 80kDa SC could be incorporated to the antibodies,

providing resistance against proteolytic degradation®?

, or stay unbound exerting several
innate defense functions in oral cavity, such as inhibition of epithelial adhesion of bacteria®®

or neutralization of certain bacterial toxins!®’.
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Aim of the study

This study aroses in order to identify new potentially salivary biomarkers, which could be
helpful in both diagnosis and classification of the different forms of mastocytosis. Saliva is an
ideal biological fluid since its easy, painless and non-stressed collection. Furthermore, human
saliva reflects both oral cavity physio-pathological conditions and systemic conditions, since
in saliva are present also peptides and proteins which act in other tissues and organs. Finally,
the characterization of salivary proteome has now reach high levels thanks to advanced
platforms. Therefore, in this thesis are going to present the results of a study of the
quantitative/qualitative variation of the salivary proteome in patients affected by different

forms of mastocytosis compared each other and with a controls group.

The aim of the part 1 of the thesis was to use a top-down proteomic approach to highlight
qualitative and quantitative differences in the protein profile of acid-soluble fraction of
salivary samples analyzed by high-performance liquid chromatography coupled to and
electrospray source-ion trap mass spectrometer (HPLC-ESI-IT-MS) between the three groups
of patients and the healthy subjects and among the patient groups. This could be helpful to

find potentially useful biomarkers to discriminate the different forms of the disease.

The part 2 was focused on the study of protein immune-complexes associated to cystatin D
(SIC-D) present in saliva. The study moved through this way since the preliminary data on the
characterization of this high molecular weight complex incorporating Igs, PIgR, and several
proteins involved in the innate and acquired immunity or in inflammation. Moreover, after
the evaluation on the results obtained about cystatin D on the part 1 of this thesis, it was
considered interesting to study the formation of SIC-D in the different patient groups under
study and underline eventually qualitative and quantitative variations. The SIC-D was detected
by western-blotting and purified by immunoprecipitation. The qualitative/quantitative
characterization was performed by in-gel trypsin digestion and nano HPLC-ESI-high-
resolution-MS/MS analyses.

The experiments and my research activity were performed partly during my abroad period
project at the Chemistry Department of the University of Aveiro (Portugal) under the
supervision of Professor Francisco Amado, and partly at the University of Cagliari under the

supervision of prof. Tiziana Cabras.
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PART I: PROTEOMIC INVESTIGATION OF ACID-SOLUBLE FRACTION OF SALIVA FROM

PATIENTS AFFECTED BY MASTOCYTOSIS USING A TOP-DOWN APPROACH
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Materials and methods

Reagents and instrument

All the chemicals and reagents used for high performance liquid chromatography separation
coupled to electrospray-ion trap mass spectrometry (HPLC-ESI-IT-MS) analysis were
purchased from Sigma Aldrich (St. Louis, MO, USA). HPCL-ESI-MS analyses were performed
with a Surveyor HPLC system connected to an LCQ Advantage mass spectrometer (Thermo
Fisher Scientific San Jose, CA, USA). The chromatographic column for the low-resolution HPLC-
MS analysis was a Vydac C8 reverse phase (Hesperia, CA, USA) (150 x 2.1mm, particle diameter
5um).

Study subjects and controls

6 patients with cutaneous mastocytosis (CM) (2 males, 4 females, mean age + SD: 37.3 + 15.7)
and 35 patients with systemic mastocytosis (SM) (16 males, 19 females, mean age + SD: 48 +
16), were enrolled from the Internal Medicine and Immunology outpatient’s clinic of
University of Cagliari. Among the 35 SM patients, 8 manifested just systemic symptoms (SM-
C), whereas the remaining 27 both cutaneous and systemic symptoms (SM+C). 48 sex/age
matched healthy controls were enrolled as volunteer among the staff of the Department of
Life and Environmental Science, University of Cagliari. The informed consent process agreed
with the latest stipulations established by the Declaration of Helsinki. The local review boards
approved the study, and in view of its observational nature, a formal ethical committee
approval was approved.

All the samples of unstimulated whole saliva were collected during the morning and in fasting
condition with a plastic pipette. Salivary samples were immediately treated a solution of 0.2%
solution of trifluoroacetic acid (TFA) containing 50uM leuenkephalin as internal standard in
1:1 v/v ratio. Then, each sample was centrifugated 15 minutes at 13400 rpm at 4°C. Finally,
the acid supernatant was separated from pellet and stored at -80°C until RP-HPLC-ESI-MS

analysis.
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Clinical data

Demographic and clinical features of the included patients are reported in Table 4. The
patients have been classified in CM (n=6), SM-C (n=8) and SM+C (n=27) basing on the clinical
criteria established by WHO?°. Patients who showed hematologic diseases associated to
mastocytosis were excluded from the analysis. CM patients showed low levels of tryptase and
no one exhibited mutation in c-KIT receptor. Two of them exhibited also both aphthous ulcers
and Gl symptoms. On the other hand, all the SM-C and SM+C patients showed high levels of
tryptase, thatin 16 SM+C and in 2 SM-C patients were coupled by the mutation of c-KIT, mainly
D816V. Only the patient #9 exhibited M541L mutation, while the patient #12 displayed both
D816V and M541L mutations. Some of the patients included in the group SM+C were primarily
classified as cutaneous before the manifestation of systemic symptoms. Then, the genetic
analysis and the bone marrow biopsy confirmed the systemic mastocytosis in these patients.
Moreover, only a SM-C patient and 9 SM+C patients showed aphthous ulcers, while 50% of

SM-C and all the SM+C patients suffered of Gl symptoms.

Samples’ collection and treatment

All the samples of unstimulated whole saliva were collected according to a standardized
protocol. Donors did not eat or drink at least 2h before the collection, which was performed
in the morn morning between 10:00 a.m. and 12:00 a.m.. They were invited to sit assuming a
relaxed position and to swallow. Whole saliva was collected as it flowed into the anterior floor
of the mouth with a soft plastic aspirator for less than 1 min, and transferred to a plastic tube,
cooled on ice. The volume of saliva (from 0.5 to 1ml, depending on the donor) was divided to

be utilized in the two parts of the study described in this thesis.

a) 100ul of saliva of each sample were immediately diluted in a 1:1 v/v ratio with a 0.2%
solution of trifluoroacetic acid (TFA) containing 50uM of leu-enkephalin as internal
standard. Then, each sample was centrifuged at 13400 RPM for 15 minutes at 4°C. Finally,
the supernatant was separated from the precipitate and stored at -80°C until the RP-HPLC-
ESI-MS analysis.
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b) The remaining volumes of whole saliva of each sample was treated with PBS buffer (270mM
NaCl, 5mM KCI, 20mM Na;HPO4, 4mM KH>PO4) containing a cocktail of protease inhibitors
(mini-cOMPLETE EDTA-free in 1:2.5 v/v ratio with PBS buffer — Sigma-Aldrich/Merck,
Darmstadt, Germany), in a 1:1 v/v ratio and stored at -80°C until the immuno-proteomics

analysis described in the second part of the thesis.

RP-HPLC-ESI-MS analysis

For the HPLC-ESI-low-resolution MS analysis the chromatographic separation was carried out
with the following eluents: A, 0.056% TFA in water; eluent B, acetonitrile/water 80:20 with
0.05% TFA. The gradient applied was linear from 0 to 55% of in 40 minutes, and from 55% to
100% of B in 10 minutes, at a flow rate of 0.1ml/min. During the first 5 minutes of the analysis,
the flow was not direct to the mass spectrometer to avoid instrument damages from the high
salt concentration. Mass spectra were collected every 3ms in the m/z range 300-2000 in
positive ion mode; the MS spray voltage was 5.0 kV, and the capillary temperature was 255

°C.

Low-resolution MS data analysis

HPLC-low-resolution-MS Total lon Current (TIC) chromatographic profiles were analyzed to
selectively search and quantify the peptides/proteins reported in Table 5, which shows
UniProt-KB codes, elution times, experimental and theoretical average mass values (Mav) of
the proteins/peptides, comprised their PTMs derivatives, included in the study. Table 5 also
reports the multiply-charged ions used for eXtracing lon Current (XIC) search, which were
selected excluding values common to other closely eluting proteins. A window of + 0.5 Da was
used to extract XIC peaks. Experimental Mav were obtained by deconvolution of averaged ESI-

188 Mav and elution times

MS spectra automatically performed by using MagTran 1.0 software
of proteins/peptides were compared with those determined on salivary samples, under the
same experimental conditions, in our previous studies’®. Experimental Mav were also
compared with the theoretical ones available at the UniProt-KB human data-bank
(http://us.expasy.org/tools). The proteins and peptides analyzed in this study have been
already characterized in other previous studies by my research group. Structural

characterization of acidic proline-rich proteins (aPRPs)’%:18, histatins (His-1, His-3, His-3 1/24,

His-3 1/25)%8, statherin%8, P-B peptidel®®, thymosins B-4 and B-10%°, cystatins A, B, C, D and
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S-type®412>130  S100A8°7, S100A9°7, S100A723, S100A12%3, antileukoproteinase®3, and
prolactin-inducible protein (PIP)'®°, performed by bottom-up and top-down proteomic
platforms based on high-resolution MS/MS analysis, has been already described in our

previous proteomic investigation of human saliva.

Quantification

XIC peak areas were integrated by using the following peak parameters: baseline window 15;
area noise factor 50; peak noise factor 50; peak height 15% and tailing factor 1.5. Area of the
XIC peaks is proportional to the protein concentration, and, under constant analytical
conditions, it allows performing relative quantification of the same protein in different

100,191 Estimated percentage error of the XIC procedure was <8%. Eventual dilution

samples
errors occurring during sample collection were corrected by normalizing XIC peak areas of

peptides/proteins with the XIC peak area of leu-enkephalin used as internal standard.

Statistical analysis

GraphPad Prism software (version 6.0) was used to calculate means and standard deviations
of protein XIC peak areas and to perform statistical analysis. Data distributions were tested
for normality by D’Agostino-Pearson test. The comparison between the three groups of
patients and controls and between the three groups of patients has been carried out with
Mann-Whitney and Unpaired t test with or without Welch’s correction, depending on the
distribution (skewed or normal) and the variance (unequal or homogeneous). Specifically, a
non-parametric t-test was chosen if the distribution of XIC peak areas was not Gaussian for at
least one of the two groups (Mann-Whitney t-test), while a parametric test was used if the
distribution was Gaussian for both groups (Unpaired t-test). Welch’s correction was applied if
the variance resulted significantly different between the groups. Statistical analysis has been
considered significant when the p-value was <0.05. Results from t-tests analysis are also
graphically shown by the Volcano plot, which plots log, (fold-change) mean value of XIC peak
areas from patients/controls ratio or patients/patients ratio on the X-axis against logio of p-

value from the t-test analysis on the Y-axis.
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Correlation analyses were also performed with the Spearman or the Pearson tests based on
the distribution of the data (skewed or normal). The correlation was performed relating XIC

peak area of the proteins/peptides under analysis and the tryptase levels of each patients.

Table 4: Age/gender, diagnosis, tryptase serum level, eventual mutation of c-KIT receptor and

presence of oral or gastrointestinal symptoms of each patient at the time of the study.

SM WITH

AGE/ TRYPTASE ORAL Gl
PATIENT GENDER DIAGNOSIS sC;J“'I/'III\)I-:_Ig“L/JISS (g/L) MUTATION(S) SYMPTOMS  SYMPTOMS
#2 59/F SM 17.5 N Y
#5 54/F SM 16.5 N Y
#6 72/F SM 41 N Y
#9 45/M SM SM+C 33.6 M541L N Y
#10 44/F SM SM+C 16.2 Y Y
#11 58/F SM SM+C 20.2 D816V Y Y
#12 53/M SM SM+C 5.52 D816V/M541L N Y
#13 35/F SM SM+C 44.7 Y Y
#14 22/F CM 5 N N
#15 38/F SM SM+C 7.66 D816V Y Y
#16 52/M SM SM+C 37.5 D816V N Y
#17 46/F CM 4.45 Y Y
#18 55/M SM 27.1 D816V Y Y
#19 48/M SM SM+C 16.2 N Y
#20 32/M SM SM+C 53.5 D816V N Y
#21 44/F SM 16 N N
#22 60/F SM SM+C 23.6 N Y
#23 62/F SM 80.4 D816V N N
#24 49/M SM SM+C 29.1 D816V N Y
#25 49/F SM SM+C 37.4 N Y
#26 35/F SM SM+C 16.5 Y Y
#27 67/F CM 7.23 N N
#28 38/F SM SM+C 26.2 D816V Y Y
#29 57/M SM SM+C 77.4 D816V Y Y
#30 32/M SM SM+C 40.8 D816V Y Y
#31 39/M CM 8.84 Y N
#35 34/M SM SM+C 28.7 Y Y
#36 52/F SM SM+C 16.1 D816V N Y
#37 28/F CM 7.7 N N
#43 71/F SM 9.67 N N
#45 23/M CM 4.27 N N
#46 75/F SM 18.2 N N
#47 46/F SM SM+C 7.26 N Y
#51 29/M SM SM+C 64.5 N Y
#52 44/M SM SM+C 7.41 D816V N Y
#58 38/M SM SM+C 26.3 N Y
#59 67/F SM SM+C 30.6 N Y
#60 49/F SM SM+C 15.8 D816V N Y
#63 56/M SM SM+C 60.8 D816V N Y
#64 24/M SM SM+C 11.4 D816V N Y
#66 36/F SM SM+C 6.63 D816V N Y
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Table 5: UniProt-KB code, experimental and theoretical average mass (Mav) values + standard
deviation, and elution times of proteins and peptides analyzed.

PROTEINS/PEPTIDES ELUITION TIME EXPER. (THEOR)
(SWISS-PROT CODE)  (MIN #0.5) AV. MASS (Mav) M/Z (CHARGE)
Acid Proline-Rich Proteins
PRP-1 di-phos. 592 15515 + 2 1293.9(+12), 1194.4(+13),
(P02810) ’ (15514-15515) 1035.3(+15), 970.7(+16), 913.6(+17)
15435+ 2 1287.2(+12), 1188.3(+13),
PRP-1 mono-phos. 22.9 (15434-15435)  1030.0(+15), 965.7(+16), 908.9(+17)
15355+ 2 1280.5(+12), 1182.1(+13),
PRP-1 non-phos. 232 (15354-15355)  1024.6(+15), 960.7(+16), 904.2(+17)
. 15595 + 2 1418.7(+11), 1300.5(+12),
PRP-1 tri-phos. 21.6 (15594-15595)  1200.6(+13), 1040.6(+15), 975.7(+16)
PRP-3 di-phos. 2.8 111611 1595.5(+7), 1396.2(+8), 1015.7(+11),
(P02810) : (11161-11162) 931.1(+12), 859.6(+13)
11081 + 1 1584.1(+7), 1386.2(+8), 1008.4(+11),
- - 6 23.
PRP-3 mono-phos 3.4 (11081-11082)  924.5(+12), 853.4(+13)
11001 + 1 1376.2(+8), 1101.2(+10), 917.8(+12)
PRP-3 non-phos. 238 (11001-11002)  786.8(+14)
PRP-3 diphos. - 11004 + 1 1573.2(+7), 1223.8(+9), 1001.5(+11),
desArg106 ' (11005-11006) 847.6(+13)
P-C peptide 4370.9+ 0.4
(P02810) 15.0 (4370.8) 1457.9(+3), 1093.7(+4)
Statherin
Statherin 5380.0 £ 0.5
di-phos. (P02808) 29.2 (5379.7) 1794.2(+3), 1345.9(+4), 1076.9(+5)
Statherin 5299.9+0.5
mono-phos. 28.9 (52507} 1767.6(+3), 1325.9(+4), 1060.9(+5)
+
Statherin non-phos. 28.6 5220.5 £ 0.5 1741.2(+3), 1306.1(+4), 1045.1(+5)
(5219.7)
+
SV-1 (des-Phe43) 27.8 52(3522':2‘5(;‘5 1745.1(+3), 1309.1(+4), 1047.5(+5)
Statherin 5131.2+0.5
HosThra2-Phed3 27.9 (5131.4) 1711.4(+3), 1283.8(+4), 1027.2(+5)
+
Statherin desAspl 28.7 >264.7£ 0.5 1755.9(+3), 1317.2(+4), 1053.9(+5)
(5264.6)
. 41279104
Statherin des1-9 28.5 (4127.6) 1376.9(+3), 1032.9(+4)
. 3971.3+0.4
Statherin des1-10 28.0 (3971.4) 1986.7(+2), 1324.8(+3)
. 3645.2+£0.4
Statherin des1-13 27.5 (3645.0) 1823.6(+2), 1216.1(+3)
P-B peptide
P-B peptide 5792.9+0.5
(P02814) 30.0 (5792.7) 1932.0(+3), 1449.2(+4), 1159.6(+5)
5215.0+0.5
P-B des1-5 30.3 —— 1739.4(+3), 1304.8(+4), 1044.0(+5)
5060.1 £ 0.5
P-B des1-7 30.1 (5060.9) 1688.0(+3), 1266.2(+4), 1013.2(+5)
5371.0+£0.5
P-B des1-4 30.0 (53713) 1791.4(+3), 1343.8(+4), 1075.3(+5)
4549.0 £ 0.5
P-B des1-12 27.5 (4549.3) 1517.5(+3), 1138.3(+4)
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PROTEINS/PEPTIDES ~ ELUITIONTIME  EXPER. (THEOR)
(SWISS-PROT CODE) (MIN £ 0.5) AV. MASS (Mav) M/Z (CHARGE)
Histatins
Histatin-1 4928205
21. 1644.1(+3), 1233.5(+4

(P15515) 9 (4928.2) 644.1(+3), 1233.5(+4)

Histatin-1 48482 +0.5

ey 22.0 Y 1617.4(+3), 1213.5(+4)

Histatin-3 4062.2 + 0.4

(P15516) 17.7 (1062.4) 1355.1(+3), 1016.6(+4)

. 3192.4+03
Histatin-3 1/25 14.3 A 1065.1(+3), 799.1(+4)
o 3036.5+ 0.3
Histatin-3 1/24 14.6 (3036.3) 1013.2(+3), 760.1(+4)
Cystatins

Cystatin A 1100535449 | 100159(+11), 1101.59(+10),

(P01040) 31.8 (11006.5) 1223.94(+9), 1376.81(+8),

' 1573.36(+7), 1835.42(+6)

N 1108743 £ 2 1005.41(+11), 1105.85(+10),

NN 33 e 1228.61(+9), 1382.06(+8),

Y ' 1579.36(+7), 1842.42(+6)
Cystatin B Lo 111793+ 0.5  1864.6(+6), 1598.4(+7), 1398.7(+8),
(P04080) : (11181.6) 1243.4(+9), 1119.2(+10), 1017.5(+11)
. 114858+ 2 1915.5(+6), 1642.0(+7), 1436.9(+8),
B a
Cystatin B 5SG e (11486.9) 1277.3(+9), 1149.7(+10), 1045.3(+11)
. 11299.8 2 1884.5(+6), 1615.4(+7), 1413.6(+8),
b

Cystatin B S5C 32.9 (11300.7) 1256.7(+9), 1131.1(+10), 1028.6(+11)
1862.4(+12), 1721.1(+13),
1598.2(+14), 1491.8(+15),

Cystatin B 243 22358+ 2 1398.6(+16), 1316.4(+17),

5-S dimer © : (22361.3) 1243.3(+18), 1177.9(+19),
1119.1(+20), 1065.8(+21),
1017.4(+22), 973.2(+23)

. 1483.57(+9), 1335.32(+10),
+
(Cg'gtl"’(')t;z)c 35.1 (11333:;3‘5 1214.02(+11), 1112.93(+12),
' 1027.40(+13)
. 1485.28(+9), 1336.85(+10),
+
a;:act)'x” ¢ 35.3 1(31335385': 4‘1)1 1215.41(+11), 1114.21(+12),
: ' 1028.58(+13)
. 1646.40 (+8), 1463.60 (+9), 1317.30

Cystatin D-R26 13163+ 2

38 (+10), 1197.60 (+11), 1097.90 (+12),
des1-8 (P28325) (13163.0) 1013.50 {+13)
. 1701.70 (+8), 1512.70 (+9), 1361.50

Cystatin D-R26 13605+ 2

37.6 (+10), 1232.90 (+11), 1134.80 (+12),

des1-4 (P28325) (13605.4) i

des1-5 (P28325) (13517.3) 104040 (+13)

S 14186 1 2 1774.3(+8), 1577.2(+9), 1419.6(+10),

TEE 353 Ny 1290.6(+11), 1183.2(+12),
1092.2(+13), 1014.3(+14)

Cystatin S mono- L4266 4+ 2 1784.3(+8), 1586.1(+9), 1427.6(+10),

hos. (P01036) 35.3 (14265) 1297.9(+11), 1189.8(+12),

phos. 1098.4(+13), 1020.0(+14)

. 1786.40(+8), 1589.70 (+9), 1429.30

Cystatin S 14281 +2

e 353 iy (+10), 1299.50 (+11), 1191.30 (+12),

1099.70 (+13)
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PROTEINS/PEPTIDES ELUITION TIME EXPER. (THEOR)
(SWISS-PROT CODE) (MIN £ 0.5) AV. MASS (Mav) M/Z (CHARGE)
Cystatin S di-phos. 14346 + 2 1794.3(+8), 1595.0(+9), 1435.6(+10),
(P01036) 353 (14345) 1305.2(+11), 1196.5(+12),
1104.5(+13), 1025.7(+14)
Cystatin SN 14312 + 2 1790.0(+8), 1591.2(+9), 1432.2(+10),
(P01037) 34.6 (14313) 1302.1(+11), 1193.7(+12),
1101.9(+13), 1023.3(+14)
. 1792.30(+8), 1593.20 (+9), 1434.00
+
fggtlzt;;)s'\' ox. 34.6 1&12382§)2 (+10), 1303.30 (+11), 1195.20 (+12),
1103.30 (+13)
Cystatin SA 14347 + 2 1794.4(+8), 1595.1(+9), 1435.7(+10),
(P09228) 36.8 (14346) 1305.3(+11), 1196.6(+12),
1104.6(+13), 1025.8(+14)
Antileukoproteinase
Antileukoproteinase 26.2 11702.2+1 1952.64(+6), 1673.84(+7),
(P03973) ) (11706) 1464.73(+8), 1302.10(+9)
a-Defensins
a-defensin 1 3442.5+2
(P59665) 23.5 (3442.1) 1772.03(+2), 1148.36(+3), 861.52(+4)
a-defensin 2 33704 1
(P59665/6) 23.5 (3370.9) 1686.49(+2), 1124.66(+3), 843.75(+4)
a-defensin 3 3485+ 2
23. 1 . 2), 1163. 2.52
(P59666) 3.5 (3486.1) 744.03(+2), 1163.03(+3), 872.52(+4)
a-defensin 4 33708+ 1
(P12838) 27.2 (3709.4) 1855.71(+2), 1237.48(+3), 928.36(+4)
B-thymosins
Thymosin -4 49445+ 1
(P62328) 18.5 4963) 1655.51(+3), 1241.88(+4), 993.71(+5)
Thymosin 3-10 49345+ 1
(P62313) 20.8 (4935) 1646.52(+3), 1235.14(+4), 988.31(+5)
Thymosin -4 49775+1
Met-ox. 18.0 (4979.5) 1660.84(+3), 1245.88(+4), 996.91(+5)
S100A Family
S100A12 (P80511) 0.0 10444 + 2 1306.5(+8), 1161.4(+9), 1045.4(+10),
(10443.9) 950.4(+11)
S100A7 (D27) 370 11367 2 1422.0(+8), 1264.1(+9), 1137.8(+10),
(P311518) ' (11367.8) 1034.4(+11)
10833 + 2 1355.3(+8), 1204.8(+9), 1084.5(+10),
S100A8 (P05109) 40.4 (10834.5) 985.9(+11)
10866 + 2 1359.3(+8), 1208.4(+9), 1087.7(+10),
5100A8-50-H 39.9 (10866.5) 988.9(+11)
S100A8- 104 10898 + 2 1363.3(+8), 1212.0(+9), 1090.9(+10),
SO3H/Trp540x ‘ (10898.6) 991.8(+11)
S100A8
hyperoxidized (SOsH/ 39.3 10915 + 2 1365.3(+8), 1213.7(+9), 1092.5(+10),
Trp54-diox; SOsH/ : (10914.6) 993.2(+11)
Trp54-ox - Met-ox)
, 11140+ 2 1393.5(+8), 1238.8(+9), 1115.0(+10),
S100A8 556G 383 (11139.8) 1013.7(+11)
10863 + 2 1358.9(+8), 1208.1(+9), 1087.3(+10),
d
5100A8 SNO 40.8 (10863.5) 988.6(+11)
1600.0(+15), 1500.1(+16), 1411.9(+17),
S100A8/A9 418 23986 + 3 1333.5(+18), 1263.4(+19), 1200.3(+20),
S-S dimer ¢ ' (23985) 1143.2(+21), 1091.2(+22), 1043.8(+23),
1000.4(+24), 960.4(+25), 923.5(+26)



PROTEINS/PEPTIDES ELUITION TIME EXPER. (THEOR)
(SWISS-PROT CODE) (MIN % 0.5) AV. MASS (Mav) M/Z (CHARGE)

12690 + 2 1410.9(+9), 1269.9(+10), 1154.6(+11),

100A P06702 42.2

S (O (12689.2) 1058.4(+12), 977.1(+13)
S100A9(S) 1.2 127702 1419.8(+9), 1277.9(+10), 1161.8(+11),
mono-phos. ’ (12769.2) 1065.1(+12), 983.3(+13)

12706 £ 2 1412.7(+9), 1271.5(+10), 1156.0(+11),
S100A3(S) Met-ox 413 (12705.2) 1059.8(+12), 978.3(+13)
S100A9(S) Met-ox 413 12786 £ 2 1421.9(+9), 1279.5(+10), 1163.3(+11),
mono-phos. ’ (12785.2) 1066.4(+12), 984.5(+13)

13459 + 2 1346.8(+10), 1224.5(+11), 1122.5(+12),

a

S100A9(L) SSG 415 (13458.1) 1036.3(+13), 962.3(+14)
S100A9(L) SSG ® 415 13539+ 2 1354.8(+10), 1231.8(+11), 1129.2(+12),
mono-phos. ' (13538.1) 1042.4(+13), 968.0(+14)
S100A9(L) SSG ® 413 13475+ 2 1348.4(+10), 1225.9(+11), 1123.8(+12),
Met-ox ’ (13474.1) 1037.5(+13), 963.4(+14)
S100A9(L) SSG ® 413 13555+ 2 1356.4(+10), 1233.2(+11), 1130.5(+12),
Met-ox, mono-phos. ' (13554.1) 1043.6(+13), 969.1(+14)

13273 +2 1328.2(+10), 1207.6(+11), 1107.0(+12),

b

SUIDRENH) E5E 416 (13271.9) 1021.9(+13), 949.0(+14)
S100A9(L) SSC® A6 13353 +2 1336.2(+10), 1214.8(+11), 1113.7(+12),
mono-phos. ’ (13351.9) 1028.1(+13), 954.7(+14)

2 SSG: glutathionylation on cysteine residue; °, SSC: cysteinylation on cysteine residue; ¢, S-S: formation of a

disulfide bond; ¢, SNO: nitrosylation on cysteine residue.
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Results

In order to analyze the salivary samples by RP-HPLC-ESI-MS, whole saliva collected from
healthy subjects and patients was treated with an acid solution contained 0.2% of TFA. This
treatment takes two advantages'®: 1) the acidic pH of the solution blocks the exogenous and
endogenous proteases naturally present in saliva and in this way prevents the degradation of
proteins and peptides; 2)TFA is one of the best ion-paring HPLC agents because of its
chromatographic performance, UV transparency and ability to dissolve high-molecular weight
peptides and proteins. It is relevant to underline that the obliged use of acidic conditions
causes the precipitation of high molecular weight salivary proteins, like immunoglobulin and
mucins, thus they are excluded from the analyses by these experimental conditions.
However, RP-HPLC-ESI-MS top-down analysis of the acid-soluble fraction of human saliva
allowed simultaneously detection of all the soluble proteins/peptides and their proteolytic
products, as well as performing a comparative label-free quantification of these components
in different sets of samples’®.

The following proteins and peptides were searched and quantified by XIC procedure, as
reported in Table 5: histatins (His) 1, 3, His-3 1/24 and His-3 1/25, salivary Cystatins S, S1, S2,
SN and SA, cystatin A, B, C and D, statherin, P-B peptide, acid proline-rich proteins (aPRPs), a-
defensins 1-4, B-thymosin 4 and 10, antileucoproteinase (SLPI), S100A7 (D27 variant),
S100A12,S100A8, S100A9 (short (S) and long (L) proteoforms. Moreover, proteoforms derived
from PTMs of these components were searched and quantified: phosphorylated, N-terminal
acetylated, oxidized in Met and Trp residues, disulfide dimers (S-S), Cys-glutathionylated
(SSG), Cys-cystainylated (SSC), Cys-nitrosylated (SNO), Cys-sulfonic (-SOsH) and sulfinic acid
(SOzH). bPRPs were not evaluated due to their high variability linked to the physiological
status?0®,

Figure 4 shows the typical total ion current chromatographic (TIC) profile obtained by HPLC-
low-resolution MS analysis of the acid soluble fraction of a salivary samples from a healthy
subject (panel A), a patient with cutaneous mastocytosis (CM — panel B), systemic
mastocytosis (SM-C — panel C) and systemic mastocytosis with cutaneous lesions (SM+C —
panel D). Panel A shows also the elution ranges of the families of proteins and peptides that

have been analyzed in salivary samples.
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Figure 4 : TIC profile of acidic-soluble fraction of saliva from healty control (panel A), CM patient
(panel B), SM-C patient (panel C) and SM+C patient (panel D) obtained by RP-HPLC-ESI-low-resolution

MS analysis.
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A great advantage of top-down LC-ESI-MS platforms is the possibility to carry out label-free
comparative quantitation without any limitation on the number of specimens and subjects
under study®2. Thought the XIC procedure it is possible to extract from the TIC an ion current
peak specific of a protein and quantified it by integration of the peak area. This value, which
is proportional to the concentration, in constant experimental conditions may be used to
quantitatively compare the same protein in different samples®®®!, Figure 5 shows an
example of quantification with XIC procedure. Panel A displays the total ion current of a
salivary sample from a healthy person. In panel B is shown the XIC peak of di-phosphorylated
statherin generated by the selection of the multiply-charged ions selectively extracted for this
peptide. Panel C exhibits mass spectrum (m/z) recorded in elution time of XIC peak of di-
phosphorylated statherin. In panel D is reported deconvoluted mass spectrum with the Mav
of di-phosphorylated statherin.

The patients were divided in two different groups based on the clinical classification, CM and
SM. Table 6 summarizes the results of the quantitative analysis carried out comparing XIC peak
areas of proteins and peptides measured in the two mastocytosis patients’ groups (CM and
SM) and healthy controls (Ctrls). The statistical comparison between the XIC peak area values
of proteins/peptides measured in CM, SM and controls groups provided the results resumed
in Table 6. In the case of cystatins B, C, S1, S2, SN, and S100A8 all the proteoform of a same
protein showed the same trend, thus the sum of their XIC peak areas was reported in the Table
3. The patients were also split considering c-KIT gene mutation in two groups, patients with
and without mutation, and compared each other and with the control group, but the results

did not show any difference statistically considerable.
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Figure 5: XIC procedure on di-phosphorylated statherin.
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Table 6: XIC peak areas values (mean * SD), frequencies and p-values obtained by statistical analysis

by comparing the two patients’ groups with respect to the controls. p-values >0.05 are not statistically

significant (¢). In some cases, no statistical comparison was possible to carry out because of the

absence of protein in one or more groups (NA). Data are reported in bold when frequencies are <2 for

group. The numbers in column 1 correspond to those one reported in Figure 8 described the Volcano

test results.

XIC PEAK AREA X 108 (MEAN + SD) AND

P:E?;fl')':/ FREQUENCY p-values
CM SM Ctrls CMvs Ctrls ~ SM vs Ctrls
25.6 £19.7 28.2+27.8 99.9+70.9 0.001 < 0.0001
#1 | PRP-1diphos.
diphos (6/6) (35/35) (48/48) Lem LSM
25131 3.7+5.2 12.8+12.9 0.002 < 0.0001
2 -1 .
#2. | PRP-1monophos (5/6) (29/35) (47/48) oY, Y
0 0.09+0.3 0.5+0.9 0.003
#3 PRP-1 nonphos. (0/6) (6/35) (22/48) NA LSM
. 0.2+0.2 0.4+0.6 20+19 0.002 < 0.0001
#4 | PRP-1 triphos. (4/6) (22/35) (44/48) ey LSM
. 59144 9.5+11.3 35.1+29.3 0.0002 < 0.0001
#5 | PRP-3 diphos. (6/6) (33/35) (48/48) Jcm Y
1.1+1.0 1.5+1.8 49+4.1 0.002 < 0.0001
#6 | PRP-3monophos. (6/6) (29/35) (47/48) oM Y,
0 0.004 +0.02 04+1.1 0.0003
#7 PRP-3 nonphos. (0/10) (2/35) (18/48) NA LSM
4g PRP-3 diphos, 3.1+2.7 2.8+5.9 3.8%+6.2 . .
desArg106 (6/6) (26/35) (40/48)
49 P-C peptide 4.1+44 7.0+10.0 20.4 £ 16.2 0.001 < 0.0001
Pep (6/6) (33/35) (48/48) Jcm Y
L 54+6.6 6.0+6.6 13.4+10.1 0.02 0.0001
#10 | Statherin diphos. (5/6) (34/35) (47/47) LCM LSM
. 0.2+0.2 0.1+0.2 03+04 0.03
#11 | Statherin monophos. (3/6) (17/35) (32/47) LM
412 Statherin SV-1 1.1+1.0 1.0+£0.9 19+1.8 . 0.006
(des-F43) (6/6) (34/35) (46/47) LSM
. 0.7+0.4 04+04 0.7+0.7
#13 | Statherin desT42-F43 (6/6) (25/35) (46/47)
. 0.7+0.9 0.5+0.5 0.8+0.8 0.02
#14 | Statherin desAspl (5/6) (31/35) (46/47) LSM
. 0.1+0.2 0.2+0.4 0.7+£0.7 < 0.0001
#15 | Statherin des1-9 (5/6) (18/35) (40/47) LSM
. 0.2+0.2 03+04 0.5+0.5 0.001
#16 | Statherin des1-10 (5/6) (24/35) (44/47) LSM
. 0.1+0.1 0.1+0.2 0.3+0.2 0.04 < 0.0001
#17 | Statherin des1-13 (4/6) (22/35) (45/47) LM USM
. 7679 9.2+7.8 21.9+14.3 0.004 < 0.0001
#18 | P-B peptide (6/6) (34/35) (47/47) om Y
0.9+0.6 1.0+£0.8 1.5+1.7
#19 | P-B desl-4 (6/6) (31/35) (30/48) . .
3.0£3.6 1.8+24 23+2.8
#20 | P-B desl-5 (6/6) (30/35) (42/45)
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XIC PEAK AREA X 108 (MEAN 1 SD) AND

P:E?;fl')':/ FREQUENCY p-values
CM SM Ctrls CMvs Ctrls ~ SM vs Ctrls
1.7+£0.9 1.7+£15 44+2.8 0.007 < 0.0001
#21 | P-B 1-7
des (6/6) (32/35) (47/48) ey Y
0.8+0.4 0.6 0.6 1.0+£1.4
#22 | P-Bdesl-12 (6/6) (31/35) (46/48) o o
. . 1.1+£1.6 1.1+£15 29+29 0.02
#23 | Histatin-1 monophos. (4/6) (24/35) (34/48) o LSM
0 0.2+0.3 0.4+0.7
#24 | Histatin-1 nonphos. NA
istatin-1 nonphos (0/6) (15/35) (23/48) .
0.01 +0.03 0.3+£0.6 1.2+1.7 0.008
#25 | Histatin- NA
> | Histatin-3 (1/6) (12/35) (26/48) Y
. . 0 0.04+0.1 09+1.2 0.0001
#26 | Histatin-3 1/25 (0/6) (6/35) (25/48) NA LSM
. . 0 0.8+1.7 3.0£3.4 < 0.0001
#27 | Histatin-3 1/24 (0/6) (15/27) (40/48) NA LSM
20114 1.2+1.2 22+19 0.001
2 i .
#28 | Cystatin A (6/6) (35/35) (47/48) Y
#29 Cystatin B 13+1.1 1.2+£1.2 1.4+£1.3 . .
(all proteoforms) (6/6) (34/35) (43/48)
430 Cystatin C 0.03 +0.07 0.05+0.2 0.6+0.7 NA < 0.0001
(all proteoforms) (1/6) (3/35) (32/48) JSM
431 Cystatin D-Rys 04+0.9 0.5+0.8 0.8+1.1 NA .
des1-5 (1/6) (19/35) (28/48)
Cystatin D-Rys 0 0.06 £0.1 0.1+0.2
M2 | ges18 (0/6) (11/35) (15/48) NA
. 0 0.3+0.7 25+0.5 0.0007
#33 | Cystatin S (0/6) (11/35) (20/48) NA LSM
434 Cystatin S1 113+ 45+3.8 10.3+10.6 . 0.002
(all proteoforms) 12.7 (6/6) (33/35) (45/48) JISM
435 Cystatin S2 1.9+3.0 2.2+3.6 3.8+3.9 . 0.002
(all proteoforms) (2/6) (22/35) (45/48) JISM
436 Cystatin SN 10.2+13.8 9.2+11.1 20.7+17.1 . 0.0005
(all proteoforms) (4/6) (31/35) (47/48) JISM
. 0919 0.8+2.1 29+3.8 <0.0001
#37 | Cystatin SA (2/6) (9/35) (35/48) LSM
. 0.4+0.3 0.4+0.5 0.8+1.0
#38 | Thymosin B-4 (5/6) (24/35) (30/48)
. 1.1+0.7 1.4+1.9 19+29
#39 | a-defensin 1 (6/6) (33/35) (41/48)
. 0.8+0.6 0.7+0.9 13+1.7
#40 | a-defensin 2 (6/6) (31/35) (37/48)
. 0.6+0.7 03+04 0.8+1.3
#41 | a-defensin 3 (5/6) (21/35) (30/48)
. 0.2+0.1 0.1+0.2 03+04
#42 | a-defensin 4 (3/6) (15/35) (23/48)
443 S100A9(S) + 1.2+1.6 0.6+1.0 24126 . <0.0001
(S) M-ox (4/6) (20/35) (42/48) IsMm
444 fr:llc?r?c?sh(ji + 0.3+0.6 0.6+1.1 0.6+1.0 . .
(S)monophos./M-ox (2/6) (20/35) (17/48)
0.6+1.1 0.7+1.3 0.7+1.5
#45 | S100A9(L) SSG (2/6) (14/35) (22/48)
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XIC PEAK AREA X 108 (MEAN 1 SD) AND

P:E?;fl')':/ FREQUENCY p-values
cM SM Ctrls CM vs Ctrls SM vs Ctrls
0.2+£0.3 0.2+0.8 0.1+£0.20 0.005
#4 LPI
615 (3/6) (18/35) (10/48) * NSM
447 S100A8 05+1.1 0.6+1.1 0.2+£0.6 NA 0.02
(all proteoforms) (1/6) (14/35) (9/48) MNSM
05+1.1 0.3+0.7 0.1+£0.5
#48 | S100A8-SNO NA .
(1/6) (8/35) (6/48)
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Quantitative comparison between controls and patients

All the aPRP proteoforms, with the exception of PRP-3 desArg106, showed a significant lower
abundance in all the patient groups with respect to the controls. Among the investigated
statherin proteoforms, only statherin desT42-F43 did not show variations between the three
groups, whereas, the di- and mono-phosphorylated forms, and the SV-1, desAsp1, des1-9,
des1-10 and des1-13 truncated forms were significantly less concentrated in saliva of SM
patients than in controls. The statherin des1-13 resulted less concentrated also in the CM
group with respect to healthy subjects. The same results were obtained for P-B peptide and it
truncated form P-B des1-7.

Significant decreased levels of histatins in both SM and CM patients with respect to the
controls were also observed. Histatin 1 non-phosphorylated, such as Histatin 3 and their most
abundant fragments, Hst-3 1/24 and 1/25, also named Hst-6 and Hst-5''® were almost
undetectable in CM patients (Table 6). Cystatin C was usually detected in 32 out of 48 healthy
controls but sporadically in the patients: in 3 out of 35 SM patients, and in 1 out of 6 CM
patients. In this last case, only the Met-oxidized derivative was observed. Obviously, for these
proteins/peptides the statistical comparison between the CM and the other groups was
inapplicable. As it concerns the proteoforms of SI00A9 detectable in human adult saliva (Table
5), only the not phosphorylated short forms of S100A9, called S100A9(S), not-oxidized and
mono-oxidized on a methionine residue (M59 or M77 or M79, or M90), exhibited a significant
lower level in SM patients than in controls (Table 6). Similar results were obtained for the S-
type cystatins, S1, S2, SN and SA.

Two truncated proteoforms of the variant R26 of cystatin D lacking the first five or eight
residues and with N-terminal pyroglutamination, called cystatin D-R26 des1-5 and the des1-
812>, were sporadically detected, the latter showing a lower frequency and being always
present in the samples containing the other truncated form. In CM patients they were
undetectable with the exception of one subject showing only the des1-5 proteoform. Due to
the high dispersion of the XIC peak area values of both cystatin D proteoforms in the SM and
controls groups, it was not possible to highlight significant differences. The lowest levels of
cystatin A was found in the SM patients, while CM patients exhibited levels comparable with

controls.
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S100A8 was sporadically detected as unmodified proteoform: in 4 SM patients, in 4 controls,
never in CM patients. Analogously, the hyperoxidized form of S100A8 was found just in 2 SM
patients and in 3 healthy subjects, at very low levels. Instead, nitrosylated S100A8 was found
with higher frequency: in 1 CM patient, 8 SM patients and in 3 controls. By considering the
total S100A8 the statistical comparison between the three groups highlighted a significant
higher abundance in SM patients with respect to controls. Similar results were obtained for
the antileukoproteinase (SLPI). SLPI has been found in 10 out of 48 healthy controls, whereas
the patient groups showed a higher frequency, 18 out of 35 SM, and 3 out of 6 CM patients
(Table 6). The SM group exhibited a significant higher abundance of SLPI than healthy controls,
the significant difference was confirmed also by excluding the two outlier points that belonged

to SM patients without cutaneous manifestations (p value = 0.01).

Differentiation between subgroups of SM patients

8 out of the 35 SM patients manifested only systemic symptoms, differently from the
remaining 27 patients with additional cutaneous symptoms. We compared these two
subgroups, called SM-C and SM+C, and identified some significant differences. The di-
phosphorylated PRP-3, its C-terminal truncated form (desArg106), P-C peptide, the fragment
statherin SV-1 and the fragment P-B des1-5 were more abundant in SM-C than in SM+C
patients (Figure 6, panels A-E). Moreover, both cystatin D-R26 des1-5 and des1-8 resulted
more abundant in SM-C patients than in those ones with cutaneous symptoms, both SM+C
and CM (Fig. 7, panels A-B). The levels of a-defensins 1 and 4, and TB-4 were significantly
different between the SM-C and SM+C groups. Indeed, the SM patients without cutaneous
symptoms exhibited lower levels of these peptides with respect to the SM+C patients. a-
defensin 4 has never been detected in samples from SM-C patients, whereas TB-4 was
detected in only 3 out of 8 SM-C patients (Fig. 7 panels C-E). The significant high level of total
S100A8 in SM patients was a consequence of the higher abundance of S100A8-SNO in the
subgroup of SM+C with respect to the Ctrls (p = 0.03); this proteoform of SI00A8 was detected
just in 1 SM-C patient. Some of the differences highlighted by statistical test based on two-
group comparison, Mann-Whitney or Welch-corrected t-test, were confirmed by a Volcano
plot test (Figure 8). In the plot each number corresponds to a protein/peptide as listed in Table
6. The test evidenced different salivary protein profiles of the healthy controls and the groups
of patients, CM, SM+C and SM-C (Figure 8 panel A-C). Higher levels of di-phosphorylated PRP-
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3 and lower levels of cystatin D-R26 des1-5 in CM patients differentiated them from the SM-
C (Figure 8 panel D), while higher levels of PRP-3 desArgl106 in CM were distinctive with
respect to the SM+C patients (Figure 8 panel E). SM+C differentiated to SM-C patients for the
higher levels of a-defensin 1 and TB-4, and lower levels of di-phosphorylated PRP-3 and PRP-
3 desArg106, P-C peptide, statherin SV-1, P-B peptide des1-5 and cystatin D-R26 des1-5 and
des1-8.

Correlation analysis with tryptase

The XIC peak area of the proteins/peptides analyzed in mastocytosis patients were subjected
to a correlation analysis with tryptase measured in the same patients. Tryptase is an enzyme
secreted by MCs whose concentration in the blood, expressed in pg/L, is considered an
indicator of the amount and the activity of MCs and may be a marker of MCs-mediated
diseases. CM patients showed a lower tryptase concentration (6.3 + 1.9ug/L) than both groups
of SM patients, where tryptase corresponded to 28.3 +23.1, and 28.2 + 19.1 pg/L, in SM-C and
SM+C, respectively. The analysis performed by considering the entire SM group resulted in a
significant positive correlation of statherin des1-10, and des1-13, P-B des1-4, and Cystatin D-
R26 des1-5 (Table 7). Different results were obtained by considering the two SM subgroups,
SM+C and SM-C. Indeed, not any correlation was obtained in the SM+C group, whereas in the
SM-C group the levels of mono-phosphorylated PRP-1 and PRP-3, PRP-3 desArg106, statherin
truncated forms, desAsp1, des1-10 and des1-13, all the four truncated forms of P-B peptide,
and cystatin D-R26 des1-5 (Figure 9) correlated positively with tryptase concentration,

whereas a negative correlation was found with TB-4 level (Figure 9).
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Figure 6: XIC peak area distribution of PRP-3 di-phosphorylated, PRP-3 desArgl106, P-C peptide,
statherin SV-1, P-B des1-5 in the three groups of patients. *** = p<0.001, ** = p<0.01, * = p <0.05.
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Figure 7: XIC peak area distribution of cystatin D-R26 des1-5 and des1-8, a-defensin 1 and 4, and
thymosin B-4 in the three groups. *** = p<0.001, ** = p<0.01, * = p <0.05.
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Figure 8: Volcano plot images from patient/control (panels A, B and C) and patients/patients (panels
D, E and F) ratios. Points above horizonal line represent proteins with p-values <0.05; point to the left
and to the right of the two vertical lines represent fold changes of mean values of XIC peak area less
and more than 1, respectively. Black circles indicate proteins/peptides with lower level in the different
patients compared to controls or among the patients, white circles indicate those with higher levels.

Labels on the dots are referred to protein numbers reported in Table 6.
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Table 7: Results of correlation analysis between salivary proteins/peptides and tryptase levels in SM

patients and in the subgroup SM-C. In the Table is indicated the p-value and the Spearman R

coefficient. The significant difference between SM-C and SM+C are indicated (Y).

XIC peak area (arbitrary unit)

Protein/Peptide SM (n 35) SM-C (n 8) Distinctive between
P p-value R p-value R SM-C and SM+C
Prp-1 monophos. - - 0.04 (+) 0.77
Prp-3 monophos. - - 0.03 (+) 0.77
Prp-3 desArgl106 - - 0.007 (+) 0.88 Y (1 in SM-C)
Statherin desAspl - - 0.01 (+) 0.86
Statherin des1-10 0.03 (+) 0.40 0.02 (+) 0.79
Statherin des1-13 0.02 (+) 0.40 0.02 (+) 0.79
P-B des1-4 0.02 (+) 0.38 0.002(+) 093
P-B des1-5 - - 0.02 (+) 0.81 Y (1 in SM-C)
P-B des1-7 - - 0.01 (+) 0.86
P-B des1-12 - - 0.006 (+)  0.89
Cystatin D-Rys des1-5 0.02 (+) 0.40 0.005 (+) 0.90 Y (I in SM-C)
Thymosin B-4 - - 0.005 (-) -0.84 Y (J in SM-C)
Figure 9: Correlation graphs of cystatin D-R26 des1-5 and thymosin B-4.
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Discussion

The first part of the thesis was focused on the analysis and comparison of the protein profiles
detectable by HPLC-ESI-IT-MS. The aim of this study was to investigate about possible
significant variation of the salivary proteome of patients affected by mastocytosis with respect
to a gender- and age-matched healthy control group valuable as potential clues of the disease.
In order to analyze the intact peptides/proteins present in the salivary samples, we analyzed
the protein fraction soluble in acid solution by HPLC-ESI-IT-MS. It is noticeable to underline
that the lower number of patients in the groups with cutaneous mastocytosis, which is a rare
disease variant in adults, has often made difficult to perform statistical analyzed, and thus the
results present in this thesis are to be considered preliminary and need to be confirmed after
collection of new cohort of patients. However, despite the limitation indicated, the study of
salivary proteome of patients affected by mastocytosis showed important quantitative
differences between patients and controls and between the three subgroups of patients.
Mastocytosis is characterized by infiltration of clonally derived MCs in one or more different
organs, which define the different variants: CM, in which only skin is involved, SM-C, in which
is involved at least one extracutaneous organ, and SM+C, a systemic form in which are present
also skin lesions!®. Mastocytosis’ diagnosis is based on clinical manifestation, histopathology
analysis and laboratory evaluation. In particular, CM diagnosis is obtained with visual analysis
of lesions followed by lesioned skin biopsy, while SM one is more complicated, and it is based
on bone marrow biopsy, evaluation of serum tryptase level and genetic analysis to look for c-
KIT receptor mutations*. This receptor seems to play an important role in SM onset; in fact,
mutations in juxta-membrane and kinase domains lead to uncontrolled proliferation and
survival of MCs, which will accumulate in different organs. Since to the difficulty diagnosis and
the distinction of the different forms of mastocytosis, and since the invasiveness of the
samples’ collections*!, the characterization and validation of new disease-specific biomarkers
is needed.

The salivary profiling of the patients showed significant low abundance of aPRPs, statherin,
P-B peptide, and histatins, which are specific of the oral cavity and are secreted by salivary
glands. The levels of some naturally occurring fragments of aPRPs, statherin, and P-B peptide,
allowed us to distinguish, into the SM group, the patients with only systemic symptoms, SM-
C, from those ones with additional cutaneous symptoms, SM+C, which showed levels
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significantly lower of PRP-3 and PRP-3 desArgl06, P-C peptide, statherin SV-1, also called
desF43, and P-B peptide des1-5. Apart from for PRP-3 and P-C peptide, which origin from a
pre-secretory proteolytic event occurring on PRP-1 proteoform, the others probably origin
from post-secretory proteolysis by action of several proteases acting in the glandular ducts or
in the oral cavity®. These salivary proteins and peptides are involved in the homeostasis and
in the protection of the oral cavity, with the exception of P-B peptide, whose biological role is
still undefined; consequently, their down-regulation can result in impaired homeostasis
control of the oral cavity in mastocytosis patients. Indeed, statherin and aPRPs, participate to
the formation of the protein pellicle covering the oral surfaces, important to modulate the

colonization of microbial hosts, and to protect the enamel and the mucosa epithelium931%4,

114

Histatin-1 plays an important role in the wound healing of the oral mucosa*'* and in the

115 Moreover, mastocytosis patients could show a frailer defense

modulation of cell migration
against oral infections, because of the very low levels, especially in CM patients, of histatin-3
and their truncated forms histatin-3 1/24, and 1/25. They are peptides with powerful
antibacterial and antifungal activities, belonging to the host defense antimicrobial peptides
(AMPs), and thus key components of the innate immune system?®®. Histatin-3 1/25 is the

1% and anti-ESCAPE pathogen activity®’.

stronger salivary peptide with anti-Candida albicans
All the cystatins detectable in saliva, but not cystatin B, showed a low abundance in saliva of
the patients, S-type cystatins and cystatin A were down-regulated especially in SM patients,
cystatin D-R26 was down-regulated in all the patients especially in CM patients, cystatin C was
almost absent. Cystatins are important inhibitors of endogenous and exogenous proteases,
and are involved in the inflammatory processes and in the innate immune response®®®; S-type
cystatins play this function in the oral cavity, suppressing some viral, bacteria, and fungal
infections of the oral cavity by inhibiting exogenous cysteine proteinases!!®144199 Al the
cystatins are able to regulate the cathepsin activity. Cystatin C is able to inhibit lysosomal
cathepsins B, H, K, L, and S°82%0 jn various tissues and bodily fluids?°*. A role in the modulation
of immune cells was demonstrated due to its ability to inhibit migration of monocytes and T
cells?92, Cystatin D acts as inhibitor of the cathepsins B, H, L, and $2%3. Cystatin A is an inhibitor
of cathepsins B, L and H acting mostly in epidermises, lymphoid tissue and oral mucosa8204,
S-type cystatins act as inhibitors of cathepsin C2%4. The anti-cathepsin activity of SN is

205

implicated in the destruction of periodontal tissues<°~, and associated to the processes of

tumor invasion?%®, It is noticeable to underline that activated mast cells release cathepsins, in
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particular cathepsin C?°7. An impaired cathepsin regulation in mastocytosis patients might led
to a major inclination through oral inflammation and mucosal lesions?%-211, Moreover,
because of the salivary cystatins can be expressed in several tissues and secreted in other
biological fluids!*8, the condition evidenced in saliva might reflect a systemic state, where the
altered suppression of cathepsin activity result in a disproportionate auto-inflammatory and
allergic responses.

The SM patients exhibited, in addition, very low levels of some proteoforms of S100A9,
specifically, the two not phosphorylated S100A9 short forms with and without methionine
oxidation. S100A9, together S100A8, are the most abundant neutrophils proteins®”:212, but
their expression can be induced in several cell types in acute and chronic inflammation, and
oxidative stress conditions?!%?13, S100A9 is able to induce the chemotaxis and the activity of
the neutrophils, to promote chemokine/cytokine production by leukocytes?'*. Sroussi et al.
reported that expression of S1I00A9 may inhibit leukocyte recruitment in the healthy mucosal
tissues, and that oxidized S100A9 abolished the chemo-repulsive effect on peripheral
neutrophils, suggesting that the oxidation of SI00A9 may serve as a molecular switch for
oxidative control of inflammation'’’. On the basis of our results we could not postulate a
predominant anti-inflammatory or pro-inflammatory role of S100A9(S) in the patients
enrolled in the study, because of the oxidized and the not oxidized proteoforms showed the
same variation trend; however, the results are suggestive for an impairment of the activity of
these S100A9 proteoforms.

Interesting results have been found about thymosin -4, and a-defensins 1 and 4 when the
SM patients were divided on the base of the presence of additional cutaneous symptoms.
Indeed, the lowest levels of these peptides was measured in SM-C patients. We did not
observe variations for the a-defensins 2 and 3, even if a-defensins 2 derives from a proteolytic
cleavage of both a-defensins 1 and 32%°. Probably the loss of a-defensins 2 deriving from a-
defensins 1 was compensated by a-defensins 2 deriving from a-defensins 3. As well as histatin
3, and their fragments, a-defensins are antimicrobial peptides belonging to the AMPs%, and
are implicated in host defense and homeostasis of tissues and biological fluids by recruiting
immune cells in the infection site?!®. It is interesting the double role of a-defensins that act as
antimicrobial peptides and also as modulators of inflammatory response through regulation
of the cytokine production!4927, Their decreased levels in SM-C patients, which added to the

down-regulation of other salivary AMPs, could contribute to weaken the innate system
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defense of this subjects.

TB-4 stimulates cell growth and proliferation, especially for lymphocytes T?!8, and acts as
antibacterial, anti-inflammatory and antiapoptotic agent in saliva'®?. A study performed on
mast cells in vitro demonstrated that TB-4 stimulated mast cells to release mediators involved
in angiogenesis and wound healing by a process that possibly involved the actin-binding
motif?!°. An immunohistochemical study proposed that TB-4 could be considered as a marker
mast cells showing a degree of immunoreactivity comparable, in sensitivity, to chymase and

220 Indeed, it was demonstrated that mast cells infiltrating normal dermal and

tryptase
mucosal tissues, such as the tumoral ones, exhibit strong expression of TB-4%2°. Our data did
not provide information on the TB-4 expression into mast cells of the patients but
demonstrated a less release of TB-4 in saliva of patients with the SM-C variant. Despite the
low number of samples, these results were suggestive for a possible use of salivary TB-4 as
marker for systemic mastocytosis variant.

SLPI and the total S100A8 exhibited an opposite trend with respect to the other proteins and
peptides, being up-regulated in SM patients, but not in CM, nor in healthy controls. SLPI is an
anti-inflammatory and anti-microbial protein produced by neutrophils and macrophages
associated to respiratory tract mucosa, parotid and submandibular glands*3. SLPI acts as
serine-protease inhibitor of cathepsin G, elastase, and trypsin released from neutrophils,
chymotrypsin and trypsin from pancreatic acinar cells, and chymase and tryptase from mast
cells??!, The result obtained on SLPI in this study was suggestive for a self-protective response
to the excessive mast cell activity in our patients.

S100A8, such as S100A9, is considered as ROS scavenger able to decrease the concentration
of several redox intermediates or products, like H20,%®. It was demonstrated that S100AS,
being particularly sensitive to oxidative cross-linking and massive oxidation, acquires capacity
to reduce oxidative damages!®’. The increased levels of S100A8 particularly as nitrosylated
proteoform in the subgroup of SM+C could suggest a protective reaction against ROS injuries
caused by the inflammatory status associated to the disease in these patients. The result
appeared remarkable by considering that SI00A8-SNO is able to suppress mast cell-mediated
inflammation by reducing leukocyte adhesion and extravasation, as demonstrated in a study
performed in the rat mesenteric microcirculation’>,

It was interesting to observe the strong correlation between tryptase and the levels of some

salivary peptides/proteins especially in the subgroup of SM-C patients, where increasing of
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tryptase level correlated with decreasing level of TB-4, and with increasing levels of statherin
fragments desAsp1l, des1-10 and des1-13, of all the fragments of P-B peptide, of cystatin D-
R26 desl1-5, of PRP-3 desArg106, and the monophosphorylated forms of the aPRPs. Tryptase
is a trypsin-like enzyme used as marker of mast cell activity. Mast cells release tryptase also
into saliva, where it was proposed as diagnostic tool to test food allergies??2. It is released
from activated mast cells together several other proteases and peptidases, as chymase,
cathepsin C and probably others, carboxypeptidase A3, and metalloproteinases, these
mediators in turn influence non-mast cells proteases in response to infections and in order to

resolve tissue injuries??’

.Anunbalanced mast cell release of proteases converts their role from
protective to damaging. It would be interesting to evaluate how the release of mediators by
activated mast cells in the oral cavity could be associated to the variation of the levels of
specific salivary proteins/peptides. Moreover, it was intriguing to have find that TB-4, PRP-3
desArg106, cystatin D-R26 des1-5, and P-B des1-5 not only correlated with tryptase but also
resulted distinguishing elements between the two subgroups of SM patients. These results

highlighted the possibility to distinguish the several forms of the disease based on the salivary

protein profiling and thus can be considered promising for further study on a larger cohort.
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The data collected on cystatin D-R26 were particularly questioning; indeed, among the three
patients’ groups the SM-C patients showed the highest levels of the two truncated
proteoforms of this protein, but in any case, similar to that one of the healthy controls and
thus considerable normal. On the other hand, it was possible to observe a very scattered
distribution of the measured XIC peak area values, which likely may be linked to the existence
of two cystatin D variant in human adult saliva, D-R26 and C26 carrying the substitution
Arg>Cys at 26 position'3’. The expression of these two variants in the occidental population
was established to be 55% for cysteine variant and 45% for arginine one'%’. In CM patients,
the R26 variant was almost absent, while it was founded in low percentage in SM+C samples
(33%). Interestingly, SM-C patients exhibited a higher percentage of cystatin D-R26 variant
(75%), meanwhile the control group showed almost the same percentage reported in
literature (44%). Moreover, a preliminary study performed on salivary samples from adult
healthy people'*?> demonstrated that the cystatin D-C26 variant, undetectable in the acid
soluble fraction of saliva, was detectable in whole saliva associated to several other proteins
in a multi-protein complex, which precipitate after the acid treatment of the saliva. Based on
these considerations and since cystatin D appeared one of the possible candidates to be a
marker of differentiation among the different forms of mastocytosis, the study continued, in
the second part, with the analysis of whole saliva collected from the same patients and

controls with the aim to characterize the cystatin D-C26 multi-protein complex.
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PART Il: IMMUNO-PROTEOMIC PLATFORM TO HIGHLIGHT QUALITATIVE AND

QUANTITATIVE VARIATION OF SALIVARY PROTEIN COMPLEXES FOR THE

CLASSIFICATION OF THE DIFFERENT FORM OF MASTOCYTOSIS
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Material and methods

Immunoblotting

Whole saliva from 4 CM patients (2 males, 2 females, mean age + SD: 39.3 + 15.7), 3 SM-C
patients (3 females, mean age + SD: 69.3 + 5.4) and 14 SM+C patients (7 male, 7 females, mean
age + SD: 42.8 + 10.0) and from 20 sex/age matched healthy controls (11 males, 9 females,
mean age = SD: 38.7 + 9.8) was treated, with 1:1 v/v ratio, with a solution of PBS2X (270mM
NaCl, 5mM KCl, 20mM NaHPOs, 4mM KH;PQ4) containing mini-cOMPLETE (Sigma-
Aldrich/Merck, Darmstadt, Germany), which inhibits proteases naturally present in saliva.
Whole saliva total protein concentration was determined by bicinchoninic acid assay (Sigma-
Aldrich/Merck, Darmstadt, Germany). Western blotting and immunodetection analysis were
performed to screening cystatin D-C26 presence in the patients and controls samples, by using
a mouse monoclonal Ab (Santa Cruz Biotechnology, Dallas, Texas, USA). 6ug of total proteins
for each sample were used for the analysis. SDS-page was performed in non-reducing and
reducing conditions using 4-15% T mini precast gels (Bio-Rad, Hercules, CA, USA).
Electrophoresis separation was performed at 180V and Bio-Rad precision Plus Protein ™
WesternC ™ Blotting Standard (Hercules, CA, USA) was used as molecular weight standards.
Then, the SDS separated proteins were transferred to a 0.2um polyvinylidene difluoride
membranes according to the instructions provided with the Trans-Blot Turbo system (Bio-Rad,
Hercules, CA, USA). After the transfer, PDVF membranes were let under stirring for an hour
with blocking solution (5% BSA in Tris-buffered saline containing 0.05% tween-20, TBS-T) at
room temperature. Then, the membranes were incubated with mouse monoclonal primary
antibodies, diluted for both cystatin D-C26 and PIgR antibodies, 1:1000 with blocking solution.
After 6 washes of 5 minutes with TBS-T, membranes were incubated 1h with the HRP
conjugated anti-mouse secondary antibody (Santa Cruz Biotechnology, Dallas, Texas, USA)
diluted 1:50000 with blocking solution. After 6 washes of 5 minutes with TBS-T, membranes
were incubated with the detection solution, ECL western clarity (Bio-Rad, Hercules, CA, USA),
for 5 minutes. Then the images were acquired using a Bio-Rad ChemiDoc MP Imaging System

(Bio-Rad, Hercules, CA, USA) and analyzed with Image Lab 4.0.1.
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Immunoprecipitation assay

To perform the immunoprecipitation with cystatin D-C26 or PIgR Abs, pools of whole saliva
were prepared for each group (CM, SM-C, SM+C, Ctrls). Each sample was diluted with PBS1X
to obtain the right concentration, and equal volumes were used to prepare 1ug/ul protein
concentration for CM, SM-C and control pools and 0.66ug/ul for SM+C pool. Aliquots
containing 400ug of total proteins from each pool (400ul from CM, SM-C and controls pools,
606ul from SM+C pool) were treated with Preclear solution, which contain a nonspecific
primary antibody (Santa Cruz Biotechnology, Dallas, Texas, USA) and BioRad AG plus Agarose
protein (Hercules, California, USA), to remove contaminants and nonspecific complexes.
Afterwards, specific primary antibody was added to the solution and let it incubate under
stirring 4h at 4°C. Next, BioRad AG plus Agarose protein (Hercules, California, USA), which
binds to the specific antibody, was added to the solution. The solution was let under stirring
over night at 4°C. To break the interaction between AG protein and antibody and between
antibody and proteins was used a cracking solution (0.125 M Tris/HCI pH 6.8, 4% SDS, 20%
glycerol, 0.02 Bromophenol Blue). The samples were then boiled and centrifugated; the

supernatant was analyzed by SDS-page in reducing (R) and non-reducing conditions (NR).

SDS-page

Eluates from immunoprecipitation assay of the three pools of patients and the pool of controls
were analyzed by SDS-page in reducing and non-reducing using the condition previously
indicated. The analysis was carried out using two gels, the former underwent to western blot
and immunodetection with specific antibody (Cystatin D-C26 or PIgR) with the condition
described above, while the latter was stained with Bio-Safe ™ Coomassie G250 stain (Bio-Rad,
Hercules, CA, USA) to be submitted to an in-gel tryptic digestion and high-resolution MS/MS
analysis. Unfortunately, the amount of CM pool was enough only to perform the

immunodetection analysis but not for the bottom-up proteomic characterization.

Tryptic digestion and MS/MS analysis

To perform the characterization of the immunoprecipitated proteins in SM-C, SM+C and Ctrls
pools, the SDS-PAGE gel obtained in reducing and non-reducing conditions were submitted to
an extensive excision along every line. Stained protein bands were manually excised from the
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gel and transferred to fresh tubes. In addition, the zones of the lines that did not appear
stained were excised as well. The gel pieces were washed one time with 100 mM ammonium
bicarbonate, one time with 100 mM ammonium bicarbonate/50% acetonitrile v/v (ACN,
Sigma-Merck, St. Louis, MO, USA) and one time with ACN (10 minutes each wash) to de-stain
the gel pieces. The protein’s cysteine residues were reduced with 10 mM dithiothreitol (30
minutes at 65°C, in the dark) and alkylated with 55 mM iodoacetamide (30 min at RT, in the
dark). The gel pieces were washed one time with 100 mM ammonium bicarbonate and one
time with ACN, dried and rehydrated in digestion buffer (40 mM ammonium
bicarbonate/ultrapure ACN in 10:1 v/v ratio) containing high-specific trypsin (Trypsin Single,
Proteomics grade — Sigma-Merck, St. Louis, MO, USA), with a ratio of 1:30 (w/w) of enzyme to
substrate. The samples were incubated overnight at 379C. After the incubation, 0,1% of formic
acid (FA) was used to block the reaction. Extraction of tryptic peptides was performed by two-
fold addition of 100 mM ammonium bicarbonate/ACN in 1:2 v/v ratio. Tryptic peptides were
lyophilized and stored at -80°C until the analysis. The samples were then resuspended in 1%
FA and analyzed with a QExactive Orbitrap (Thermo Fisher Scientific, Bremen) through the
EASY-spray nano ESI source (Thermo Fisher Scientific, Bremen) that was coupled to an
Ultimate 3000 (Dionex, Sunnyvale, CA) HPLC (high-pressure liquid chromatography) system.
The trap (5 mm x 300 um I.d.) and the EASY-spray analytical (150 mm x 75 um) columns used
were C18 Pepmapl00 (Dionex, LC Packings) having a particle size of 3 um. Peptides were
trapped at 30 pl/min in 96% solvent A (0.1 % FA). Elution was achieved with the solvent B (0.1
% formic acid/80% acetonitrile v/v) at 300 nl/min. The 92 min gradient used was as follows:
0-3 min, 96% solvent A; 3—70 min, 4—25% solvent B; 70—90 min, 25—-40% solvent B; 90-92 min,
90% solvent B; 90-100 min, 90% solvent B; 101-120 min, 96% solvent A. The mass
spectrometer was operated at 2.3 kV in the data dependent acquisition mode. A MS2 method
was used with a FT survey scan from 400 to 1600 m/z (resolution 70,000; AGC target 1E6). The
10 most intense peaks were subjected to HCD fragmentation (resolution 17,500; AGC target
5E4, NCE 28%, max. injection time 100 ms, dynamic exclusion 35 s). Spectra were processed
and analyzed using Proteome Discoverer (version 2.2, Thermo — PD), with the MS Amanda
(version 2.0, University of Applied Sciences Upper Austria, Research Institute of Molecular
Pathology) and Sequest HT search engines (University of Washington, in license to Thermo
Electron Corp., San Jose, CA). Uniprot (TrEMBL and Swiss-Prot) protein sequence database

(version of October 2017) was used for all searches under Homo sapiens. Database search

65



parameters were as follows: carbamidomethylation of cysteine, oxidation of methionine,
cysteine/aspartic-acid/histidine/lysine/arginine/serine/threonine/tyrosine phosphorylation,
C-terminal pyroglutamic residue, N-terminal acetylation, and the allowance for up to two
missed tryptic cleavages. The peptide mass tolerance was 10 ppm and fragment ion mass
tolerance was 0.02 Da. To achieve a 1% false discovery rate, the Percolator (version 2.0,
Thermo) node was implemented for a decoy database search strategy and peptides were
filtered for high confidence and a minimum length of 6 amino acids, and proteins were filtered
for a minimum number of peptide sequences of 2. Settings of FDR were: 0.01 (strict) and 0.05
(relaxed). Every PD identification was confirmed by manual inspection of the MS/MS spectra
selected by the software. All the proteins identified by PD on the base of MS/MS spectra
considered by us poor of multiply-charged ions attributed to the protein sequence were
discarded. PD protein quantification was based on the total abundance of tryptic peptides
generated by a protein; then PD software calculated, for each comparison between the
different groups, the median of ratios between abundancies of the peptides belonging to a

specific protein.
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Results

Immunoprecipitation assay and immunodetection with cystatin D-C26 antibody

The results from acid-soluble fraction of saliva highlighted differences between the three
groups of patients regarding the concentration of cystatin D-R26, which was the only isoform
detectable in acid-soluble fraction of salivary proteins. Since this result, we focused on the
study of whole saliva’s patients in order to highlight the formation of high molecular weight
multi-protein complex associated to cystatin D-C26, SIC-D, as described by Liori et al.'#?, and
underline eventually qualitative/quantitative variation between patients and controls and
among the patients.

2 CM (37, 45), 2 SM-C (43, 46) and 13 SM+C (13, 19, 20, 36, 47, 51, 52, 58, 60, 63, 64, 65,66)
patients and some of the controls (8) whole saliva was subjected to immunodetection by
western blotting analysis using the cystatin D-C26 Ab. As shown in Figure 10, the different
groups of patients showed a heterogeneous trend regarding cystatin D concentration. In NR
condition is possible to distinguish a signal higher than 250kDa, with variable intensity
depending on the subject, that disappear in R condition, suggesting the presence of cystatin
D-C26 bounded to one or more proteins. Since this preliminary data from the screening of
patients and controls, we decided to perform an immunoprecipitation assay using cystatin D-
C26 antibody on pools of different patients (CM, SM-C and SM+C) and on the pool of control.
The result of western blot and immunodetection using cystatin D-C26 antibody are shown in
Figure 11. In NR conditions, it was possible to highlight a signal higher than 250kDa with
different intensity depending on the pool, suggesting that, as in whole saliva, cystatin D-C26
was part of complex (SIC-D) with to one or more partners. The most intense signal in NR
condition was at 150kDa and it corresponded to the antibody used for the
immunoprecipitation assay. On the contrary, in R condition the signals in the upper part of the
gel disappeared and it was possible to distinguish the signal of heavy and light chain of cystatin

D-C26 antibody at 50kDa and 25kDa and the signal of cystatin D between 10kDa and 15kDa.
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Figure 10: Western blot and immunodetection with cystatin D-C26 antibody of whole saliva from

patients and controls in NR and R conditions. Panels A-D show the immunodetection using the cystatin

D-C26 Ab of patient’s whole saliva, while in Panels E and F of the controls, both performed in NR and

R conditions. The red square indicates the high molecular weight complex in which is present the

cystatin D and its partners (Panels A, C and E), that disappears in R conditions (Panels B, D and F).
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Figure 11: Western blot and immunodetection with cystatin D-C26 antibody of immunoprecipitated

samples from the pools of patients and the pool of controls in NR and R conditions.
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High-resolution MS/MS analysis of immunoprecipitated with cystatin D-C26 antibody

The results from western blot and immunodetection using cystatin D C-26 Ab highlighted the
presence of a high molecular weight SIC-D in which cystatin D seemed to be linked to one or
more partners. Thus, we decided to characterize SIC-D in order to highlight qualitative and/or
quantitative variations between the groups of patients and the healthy subjects and among
the patients. Since the low volume of whole saliva from CM samples, the high-resolution mass
spectrometry analysis was carried out only on immunoprecipitated (IP) from SM-C, SM+C and
Ctrls pools.

For the bottom-up analysis, immunoprecipitated samples from patients and control pools
were submitted to SDS-PAGE in reducing condition and Comassie Brilliant Blue staining, and
the lines of the three IP were excised in the same way as described in Figure 14: piece 1 (zone
> 75kDa); piece 2(50 > zone < 75kDa); zone 3 (40kDa > zone < 50kDa); zone 4 (25kDa > zone <
40kDa); zone 5 (15kDa > zone < 25kDa); zone 6 (10kDa > zone < 15kDa); zone 7 (<10kDa). All
the gel pieces were digested using trypsin and analyzed by nano-HPLC-high-resolution-
MS/MS. Proteome discoverer (PD) software was used to perform the spectra analysis and the

qualitative and quantitative.
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Figure 12: Gel that has been undergone to tryptic digestion and high-resolution mass spectrometry

analysis. In the image is indicated how the bands have been cut.
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The proteins identified in the IPs from the patients’ groups (SM-C and SM+C) and controls are
shown respectively in Tables 8, 9, and 10, which report just those proteins, among the
identified ones with high confidence, having a good combination of score, coverage and
quality of MS/MS spectra provided by PD software. All the results obtained by high-resolution
MS/MS  experiments have been deposited to ProteomeXchange Consortium

(http://ww.ebi.ac.uk/pride) via the PRIDE?% partner repository with the dataset identifier

PXD015866.

Zone 1: high molecular weight proteins. IPs from the patients and from the control group
highlighted the presence of high molecular weight proteins, such as PIgR (the secretory
component, SC), deleted in malignant brain tumors 1 protein (DMBT-1), and protein-
glutamine gamma-glutamyl transferase E, also known as transglutaminase E or 3. In SM-C and
SM+C patients also lactotrasferrin and desmoglein-1 were identified that were not present in
control groups. On the other hand, SM-C and controls SIC-D exhibited respectively of junction

plakoglobin and lactoperoxidase.
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Zones 2 and 3: proteins with of molecular weight from 25 to 75kDa. All the patients and the
control group showed the presence of immunoglobulins, i.e. IgA1, IgA2 and IgG1, while SM+C
group exhibited also 1gG2, IgG4 and IgM. In addition, serum albumin and actin-1 were present
in all the three groups. Annexin Al, a protein involved in innate immune response, was
identified in the SIC-D of all the groups analyzed. The presence of annexin A2 was revealed
only in SM-C patients, as well as a-amylase 1, while actin-2 was found only in SM-C and
controls. SM+C and control complex showed the presence of carbonic anhydrase 6 (CA-6),
which were not found in SM-C. Strangely, in the zones 2 and 3 of all the three groups were
found immunoglobulin heavy variable (IgHV) region, the variable domain of immunoglobulin
heavy chains that participates in the antigen recognition, even though their molecular weight
suggest that they should be in lower zones. In SM-C, SM+C and controls ones were present
IgHV 3-9, IgHV 3-23 and IgHV 3-74, while in SM-C and SM+C were detected IgHV 3-72 and IgHV
3-74. IgHV 3-7 and 3-13 were found only in SM-C.

Zones 4,5, 6 and 7: low-molecular weight proteins (< 25kDa). All the three groups showed the
presence of proteins and peptides related to inflammatory response and immunity system,
such as S100A8, a-defensin 1/2, cystatin D-C26, prolactin-inducible protein (PIP), lysozyme C
and Igk. Cystatin C was identified in SIC-D of SM-C patients and control, but not in SMC+C
patients. Antileukoproteinase (SLPI) and S100A14 were identified in both SM-C and SM+C SIC-
D. Some proteins were characterized just in the SIC-D of one patient group, such as cystatin A

in SM-C and cystatin B, S100A9 and dermcidin in SM+C.
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Table 8: Qualitative results of mass spectrometry and PD analysis of SM-C immunoprecipitated with cystatin D-C26 antibody.

Accession
P01833
Q9UGM3

Q08188
P14923
Q02413
P02788

Accession

AOAOB4J1X5
P04745
PODOX2
P63261
P60709
P01780
PODOX5
P01833
P0O1764
AOAOB4J1Y9
P01782
P01766
P02768

Description

Polymeric immunoglobulin receptor (PIgR)
Deleted in malignant brain tumors 1protein
(DMBT-1)

Protein-glutamine gamma-glutamyltransferase E
Junction plakoglobin

Desmoglein-1

Lactotransferrin

Description

Immunoglobulin heavy variable 3-74 (IgHV3-74)
a-amylase 1

Immunoglobulin alpha-2 heavy chain

Actin, cytoplasmic 2

Actin, cytoplasmic 1

Immunoglobulin heavy variable 3-7 (IgHV 3-7)
Immunoglobulin gamma-1 heavy chain
Polymeric immunoglobulin receptor (PIgR)
Immunoglobulin heavy variable 3-23 (IgHV 3-23)
Immunoglobulin heavy variable 3-72 (IgHV 3-72)
Immunoglobulin heavy variable 3-9 (IgHV 3-9)
Immunoglobulin heavy variable 3-13 (IgHV 3-13)

Serum albumin

Zone 1 SM-C
p e v
8960.23 49.46 40 26
7340.85 25.36 35 19
2871.73 39.11 28 13
701.05 16.19 11
557.56 15.79 8
520.45 2.87

Zone 2 SM-C
P
714.71 9.44 41 5
2077.02 47.84 36 15
5592.46 104.81 35 12
2171.67 33.08 35
2161.67 33.08 35
868.36 11.26 31 4
2257.33 22.91 29 10
984.39 NA 11 7
451.47 6.19 22 3
361.19 10.16 21 3
484.62 6.69 19 2
323.89 6.69 19 2
1321.8 20.07 10 5

Unique
Peptides

26
19

13

Unique
Peptides
3

[EEN
(2}

U P P W NN ON R RPN

MW
[kDa]
83.2

260.6

76.6
81.7
113.7
78.1

MW
[kDa]
12.8
57.7
48.9
41.8
41.7
12.9
49.3
83.2
12.6
13.2
12.9
12.5
69.3

Abundance
4.21E+06
4.22E+06

2.70E+05
7.76E+04
3.15E+04
2.46E+04

Abundance

4.24E+04
5.93E+05
3.46E+06
*
4.00E+05
8.39E+04
1.73E+06
1.16E+05
3.07E+04
1.20E+05
9.97E+03
3.69E+03
1.13E+06
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Accession

P04083
P01876
P07355
PODOX2

Accession

P01834
PODOX7
PODOX8

Accession

P0O1591

Accession

P05109
P12273
P28325
P03973
P0O1591
P61626

Accession

P59665

Description

Annexin Al

Immunoglobulin heavy constant alpha 1

Annexin A2
Immunoglobulin alpha-2 heavy chain

Description

Immunoglobulin kappa constant
Immunoglobulin kappa light chain

Immunoglobulin lambda-1 light chain

Description

Immunoglobulin J chain

Description

Protein S100-A8
Prolactin-inducible protein
Cystatin-D-C26
Antileukoproteinase (SLPI)
Immunoglobulin J chain

Lysozyme C

Description

a-defensin 1/2

Zone 3 SM-C

Score MS Score
Amanda Sequest HT
855.06 7.49
722.34 9.56
1237.62 27.91
137.4 2.26
Zone 4 SM-C
Score MS Score
Amanda Sequest HT
2347.4 52.76
1929.05 55.23
624.01 32.72
Zone 5 SM-C
Score MS Score
Amanda Sequest HT
NA 8.8
Zone 6 SM-C
Score MS Score
Amanda Sequest HT
342.86 NA
711.54 1.98
549.45 NA
96.55 NA
230.58 4.12
61.14 NA
Zone 7 SM-C
Score MS Score
Amanda Sequest HT
598.91 NA

Coverage
[%]
13
11
10
10

Coverage
[%]
81
50
29

Coverage
[%]
8

Coverage
[%]
19
14

11

Coverage
[%]
19

Peptides

R R

Peptides
6

Peptides
1

Peptides

R R R R NN

Peptides
2

Unique
Peptides

5
2
4
2

Unique
Peptides
1
2

2

Unique
Peptides
1

Unique
Peptides
2

2
1
1
1
1

Unique
Peptides
2

MW
[kDa]
38.7
37.6
38.6
48.9

MW
[kDa]

11.8
23.4
22.8

MW
[kDa]
18.1

MW
[kDa]
10.8
16.6
16.1
14.3
18.1
16.5

MW
[kDa]
10.2

Abundance

1.26E+05
6.58E+04
8.59E+04
1.87E+04

Abundance

3.95E+04
2.33E+06
6.23E+04

Abundance

1.73E+05

Abundance

1.27E+05
4.20E+04
3.16E+04
2.54E+04
3.53E+03
1.66E+03

Abundance

1.94E+05
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. _— Score MS Score
Accession Description

Amanda Sequest HT
Q9HCY8 Protein S100-A14 NA 5.08

P01040 Cystatin-A NA 2.72

* Discovered in traces
NA: in some cases, search engine did not provide a score.

Coverage
[%]
14
12

Peptides

1
1

Unique
Peptides
1

1

MW
[kDa]
11.7

11

Abundance

1.78E+03
9.15E+02
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Table 9: Qualitative results of mass spectrometry and PD analysis of SM+C immunoprecipitated with cystatin D-C26 antibody.

Accession
P01833
Q9UGM3

P02788
Q08188
Q02413

Accession

AOAOB4J1Y9
AOAOB4J1X5
P0O1764
P01782
P01859
PODOX5
P01861
PODOX2
P02768
P60709
PODOX6
P23280

Accession

P04083

Description

Polymeric immunoglobulin receptor (PIgR)

Deleted in malignant brain tumors 1 protein
(DMBT1)

Lactotransferrin
Protein-glutamine gamma-glutamyltransferase E
Desmoglein-1

Description

Immunoglobulin heavy variable 3-72 (IgHV3-72)
Immunoglobulin heavy variable 3-74 (IgHV3-74)
Immunoglobulin heavy variable 3-23 (IgHV3-23)
Immunoglobulin heavy variable 3-9 (IgHV3-9)
Immunoglobulin heavy constant gamma 2
Immunoglobulin gamma-1 heavy chain
Immunoglobulin heavy constant gamma 4
Immunoglobulin alpha-2 heavy chain

Serum albumin

Actin, cytoplasmic 1

Immunoglobulin mu heavy chain

Carbonic anhydrase 6 (CA-6)

Description

Annexin Al

Zone 1 SM+C
Score MS Score
Amanda Sequest HT
3359.33 21.93
751.96 7.08
720.51 8.97
640.05 21.8
671.65 28.13
Zone 2 SM+C
Score MS Score
Amanda Sequest HT
448.68 6.95
767.25 9.54
476.18 6.85
349.77 3.58
1748.92 9.32
1286.69 11.01
1503.96 2.31
2932.11 66.56
2064.06 40.25
415.15 2.71
417.72 5.99
162.08 5.12
SM+C 3
Score MS Score
Amanda Sequest HT
458.79 5.33

Coverage
[%]
25 16

Peptides

22 5

15
13
8 5

Coverage
[%]
30
25
22
19
18
18
18
15
13
13

Peptides

N W W O o U NN OO N W W b

Coverage
[%]
9 3

Peptides

Unique
Peptides

16

5

Unique
Peptides
4

N W N ON P & P NN B

Unique
Peptides
3

MW
[kDa]
83.2

260.6

78.1
76.6
113.7

MW
[kDa]
13.2
12.8
12.6
12.9
35.9
49.3
35.9
48.9
69.3
41.7
63.4
35.3

MW
[kDa]
38.7

Abundance
2.21E+06
3.40E+05

5.35E+04
3.48E+04
4.14E+04

Abundance

7.97E+04
2.64E+04
3.72E+04
2.99E+04
1.00E+06
1.70E+06
1.17E+03
6.82E+05
2.87E+06
8.97E+03
1.84E+04
5.24E+03

Abundance

3.15E+04
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Accession

P01876

Accession

P01834
PODOX7
P59665
P01861

Accession

P12273
P28325
Q9HCY8
P05109
P04080
P06702
P81605
P03973
P61626
P01034

Description

Immunoglobulin heavy constant alpha 1

Description

Immunoglobulin kappa constant
Immunoglobulin kappa light chain
a-defensin 1/2

Immunoglobulin heavy constant gamma 4

Description

Prolactin-inducible protein
Cystatin-D-C26

Protein S100-A14

Protein S100-A8
Cystatin-B

Protein S100-A9
Dermcidin
Antileukoproteinase (SLPI)
Lysozyme C

Cystatin-C

NA: in some cases, search engine did not provide a score.

Score MS Score

Amanda Sequest HT
309.22 2.44
SM+C4
Score MS Score
Amanda Sequest HT
771.66 20.29
641.04 11.85
73.83 NA
190.59 NA
SM+C 6
Score MS Score
Amanda Sequest HT
390.95 2.5
265.59 2.81
NA. 4.58
285.48 NA
73 NA
120.58 4.05
63.82 NA
101.3 NA
98.38 6.44
91.86 NA

Coverage
[%]
6

Coverage
[%]
66
33
10
8

Coverage
[%]
21
20
14
12
12
11
10

Peptides
2

Peptides

N BB

Peptides

N N e N = T = S = S R 7Y

Unique
Peptides
2

Unique
Peptides
1

1

1

2
Unique

Peptides
3

S S R G I = N

MW
[kDa]
37.6

MW
[kDa]
11.8
23.4
10.2
35.9

MW
[kDa]
16.6
16.1
11.7
10.8
11.1
13.2
11.3
14.3
16.5
15.8

Abundance

3.34E+04

Abundance

2.35E+03
4.06E+04
9.64E+02
3.02E+04

Abundance

2.64E+04
7.71E+04
1.35E+03
1.04E+05
5.74E+03
1.39E+05
2.48E+03
1.41E+04
2.22E+04
9.07E+03
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Table 10: Qualitative results of mass spectrometry and PD analysis of controls immunoprecipitated with cystatin D-C26 antibody.

Accession

Q9UGM3

P01833
Q08188
P22079

Accession

P01876
P0O1764
P01782
P01859
PODOX5
PODOX2
P02768

Accession

P04083
P63261
P60709
P23280

Accession

P01834

Description

Deleted in malignant brain tumors 1 protein
(DMBT-1)

Polymeric immunoglobulin receptor (PIgR)
Protein-glutamine gamma-glutamyltransferase E
Lactoperoxidase

Description

Immunoglobulin heavy constant alpha 1
Immunoglobulin heavy variable 3-23 (IgHV3-23)
Immunoglobulin heavy variable 3-9 (IgHV3-9)
Immunoglobulin heavy constant gamma 2
Immunoglobulin gamma-1 heavy chain
Immunoglobulin alpha-2 heavy chain

Serum albumin

Description

Annexin Al

Actin, cytoplasmic 2

Actin, cytoplasmic 1
Carbonic anhydrase 6 (CA-6)

Description

Immunoglobulin kappa constant

Score MS
Amanda

1398.06

3027.45
600.66
209.97

Score MS
Amanda

2013.84
277.21
236.39
986.96
995.02

1141.93
1006.8

Score MS
Amanda

1780.88
378.07
370.38

1195

Score MS
Amanda

1461.94

Zone 1 Ctrls
Score

Sequest HT
11.85

3.37
3.52
2.55

Zone 2 Ctrls

Score
Sequest HT

41.54
2.96
4.57
5.75

13.72

23.45
8.49

Zone 3 Ctrls

Score
Sequest HT

66.15
13.92
13.92
43.41

Zone 4 Ctrls
Score

Sequest HT
4.13

Coverage .
%] Peptides

11 2

4

2
Coverage Peptides

[%] P

20 6

19 2

19 2

18 6

16 6

15 6

8 6

Coverage .
%] Peptides

25 6

16 4

16 4

7 2

Coverage .
%] Peptides

42 3

Unique
Peptides

2

Unique
Peptides
4

A b W W NN

Unique
Peptides
6

1

1

2
Unique

Peptides
1

MW
[kDa]

260.6

83.2
76.6
80.2

MW
[kDa]
37.6
12.6
12.9
35.9
49.3
48.9
69.3

MW
[kDa]
38.7
41.8
41.7
35.3

MW
[kDa]
11.8

Abundanc

4.38E+06

2.15E+06
2.42E+05
7.52E+05

Abundanc

2.08E+06
3.89E+04
2.44E+04
2.31E+05
6.18E+05
6.12E+05
4.36E+05

Abundanc

9.46E+04
*

1.03E+05

3.64E+04

e

e

e

Abundance

1.66E+04
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Score MS Score

Accession Description Amanda Sequest HT
PODOX7 Immunoglobulin kappa light chain 1384.01 6.88
Zone 5 Ctrls
Accession  Description Score MS Score
Amanda Sequest HT
P01591 Immunoglobulin J chain 148.4
Zone 6 Ctrls
Accession Description Score MS Score
Amanda Sequest HT
P12273 Prolactin-inducible protein 164.75 NA
P05109 Protein S100-A8 1199.2 NA
P28325 Cystatin-D-C26 518.4 NA
P61626 Lysozyme C 289.2 3.34
P01064 Cystatin C 60.52 2.14
Zone 7 Ctrls
Accession Description Score MS Score
Amanda Sequest HT
P59665 a-defensin 1/2 432.27 NA

* Discovered in traces
NA: in some cases, search engine did not provide a score.

Coverage
[%]
21

Coverage
[%]
8

Coverage
[%]
17
12

11

Coverage
[%]
10

Peptides
3

Peptides

1

Peptides

[ N = N}

Peptides
1

Unique
Peptides
1

Unique
Peptides
1

Unique
Peptides
2

1

1

1

1
Unique

Peptides
1

MW
[kDa]
23.4

MwW
[kDa]
18.1

MW
[kDa]
16.6
10.8
16.1
16.5
15.8

MW
[kDa]
10.2

Abundance

3.33E+04

Abundance

*

Abundance

7.55E+03
2.66E+06

*

1.06E+06
5.76E+03

Abundance

*

78



Quantitative comparison of the immunoprecipitated with cystatin D-C26 antibody

PD software was used to perform the comparison of SIC-D protein abundances between
patients and controls and among the patients’ groups. The quantification was based on the
total abundance of tryptic peptides generated by a specific protein, the PD calculated for each
comparison between patients and controls and patients’ groups the median of ratio between
abundancies of the tryptic peptides belonging to a specific protein. Despite 44
proteins/peptides were identified in the different groups, significant differences were
obtained for the 16 proteins/peptides, that are shown in table 11.

Immunoglobulins turned out to be the most expressed proteins in SIC-D, with different levels
between the different groups. SM-C and SM+C complexes revealed respectively minor levels
of I1gAl1 and both IgAl and IgA2 compared to the controls one, while not considerable
differences emerged comparing the patients (Table 11 and Figure 13A). On the contrary, IgG1,
IgG2 and IgA turned out to be more concentrated in SM-C and SM+C complexes than in the
healthy subjects’ complex, but no differences have been found comparing the two patient
groups. SM-C SIC-D complex showed decreased level of immunoglobulin J chain when
compared to both SM+C and controls. The different HV regions of immunoglobulins resulted
to have different levels in the three groups. IgHV 3-15 abundance resulted lower in SM-C than
in SM+C and controls, while IgHV 3-23 levels turned out to be lower in SM+C with respect to
SM-C ad healthy controls. No significant differences emerged for IgHV 3-7, IgHV 3-9, IgHV 3-
13, IgHV 3-72 and IgHV 3-74.

The levels of PIgR resulted lower in SM-C SIC-D with respect to controls and SM+C ones (Table
11 and Figure 13B). Many other proteins related to immune system such as DMTB-1, a-
defensin 1/2 and S100A8 co-immunoprecipitated with cystatin D-C26. The abundance of
DMTB-1 resulted to be lower in both SM-C and SM+C complexes than in healthy controls.
Among the patients, SM-C showed the lowest amount (Figure 13C). The levels of the a-
defensin 1/2 turned out to be higher in SM-C and SM+C complexes compared to the controls
one. Comparing the patients, SM-C showed the lowest level. Similarly, CA-6 abundance
resulted to be higher in patients’” complex compared to the healthy controls (Figure 14A).
Cystatin D-C26 revealed to be more abundant in SM+C group with respect to both SM-C and
controls groups, with SM-C group showed the lowest abundance of cystatin D-C26 (Table 11
and Figure 14B). SM-C and SM+C SIC-D showed a lower abundance of S100A8 compared to
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the controls. None differences have been found comparing the two patients’ complexes
(Figure 14C).

The data on the 16 proteins reported in Table 11 were elaborated by PD into PCA plot, which
is displayed in Figure 15. Panel A highlighted that the three different groups are different one
to each other regarding the levels of the different proteins/peptides that are co-
immunoprecipitated with cystatin D-C26 and thus are part of SIC-D. Panel B showed the
distribution of the different proteins and peptides of SIC-D based on their concentration. It
was possible to discriminate in the four quadrants proteins at equal level in SM-C and SM+C
(Quadrant 1), proteins distinguishing SM-C and SM+C (Quadrant Ill) and proteins

distinguishing controls and patients (Quadrant IV).
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Table 11: Quantitative comparison of SIC-D between patients and controls and among patients’ groups. In the Table are indicated score, coverage and ratios of

each protein identified.

Accession Description M Ssl::'nr:n da Se:::;teHT CO‘E;:; ge SM-C/Ctrls SM+C/Ctrls SM-C/SM+C
:);11)876 Immunoglobulin heavy constant alpha 1 22915.9 415.0 41 \],OS'I?/IS-C \1,OS'I\6/|3;C \LOS'6M4—C
(P:21)834 Immunoglobulin kappa constant 8485.2 123.3 79 \]/05.34-(: ’I‘ls.lf/l7+c \1,05'3MO-C
F:?’D)OW Immunoglobulin kappa light chain 7877.2 93.1 40 \]/05'&9_(: 0.60 \l,os'li/ls-c
(P;4D)OX2 Immunoglobulin alpha-2 heavy chain 10906.3 142.2 24 \],OS'IE\B/I7-C \],OS':/IiC \l,os'ﬁ/lz-c
:’:51)833 F;llgyér;eric immunoglobulin receptor 7005.2 455 12 \]/Os.s/?_C 112 \]/OS.(I3/|6_C
F:GD)OXS Immunoglobulin gamma-1 heavy chain 4953.2 52.4 28 ’I‘ZS'I?/IG-C ’I\i:/lic \]/Os'iic
5371)859 Immunoglobulin heavy constant gamma 2 3771.5 34.7 24 ’Pls'Z/I4-C ’[‘15.&9+C 0.95
8#98L)JGM3 ;)Delille’gflly malignant brain tumors 1 protein 2138.2 320 12 J/(;&S_C \]/(;.I\Z/I2+C \]/Os.i/lz_c
F:SOYZ Immunoglobulin lambda constant 2 2221.1 24.3 44 1.27 ’PZS.I?A?;C d,oéﬁ/lz-c
;’#OlDOC))XS Immunoglobulin lambda-1 light chain 1610.6 14.4 18 ,[\ls'f/lz_c ’P?gl\lﬂic d,oéi/lz-c
;’:1312)80 ngrl?;nic anhydrase 6 970.0 79 7 /[\85;|4\1/|9_C /[\lsll\jic 072
:);1926)65 a-defensin 1/2 570.5 NA 19 ’[‘il?/?—C ’[‘écl\)/lo+c \l,OS.(I\)/IZ-C
P01764 Immunoglobulin heavy variable 3-23 774.6 NA 9 0.57 0.37 1.56
(#13) (IgHV 3-23) LSM-C LSM+C NSM-C
:D:1145)91 Immunoglobulin J chain 868.8 11.7 8 \],%IZ\‘/IO-C 1.26 J,Oéillz-c
il 412 " R o T O
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Accession Description
P05109 .
(#16) Protein S100A8

NA: in some cases, search engine did not provide a score.

Score
MS Amanda

68.8

Score
Sequest HT

NA

Coverage
[%]

12

SM-C/Ctrls

0.24
4 SM-C

SM+C/Ctrls

0.22
L SM+C

SM-C/SM+C

1.11
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Figure 13: Abundancies and ratios of IgA1 (A), PIgR (B) and DMBT-1 (C) in the different subjects. Yellow,

green and blue columns indicate respectively SM-C, SM+C and Ctrls abundancies.
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Figure 14: Abundancies and ratios of CA-6 (A), cystatin D-C26 (B) and S100A8 (C) in the different

subjects. Yellow, green and blue columns indicate respectively SM-C, SM+C and Ctrls abundancies.
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Figure 15: PCA plots of quantitative analysis. Panel A highlights that the four groups differ for the

concentration of the different proteins. In panel B proteins is shown the distribution of the proteins

based on their concentration (numbers in panel B are referred to proteins in Table 11).
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Immunoprecipitation assay and immunodetection with PIgR antibody

The results from qualitative and quantitative analysis of immunoprecipitated assay with
cystatin D-C26 antibody indicated that PIgR was one of cystatin D partners. Thus, pools of
whole saliva from the different patients (CM, SM-C and SM+C) and from healthy subjects were
subjected to immunoprecipitation assay using PlgR antibody, western blot and
immunodetection with PIgR antibody. The results are shown in Figure 16. Similar to cystatin
D-C26 immunoprecipitation and detection, in NR conditions was possible to highlight a signal
higher than 250kDa with different intensity depending on the pool and with a different band
shape, suggesting that, as cystatin D-C26, PIgR tends to associate to one or more partners,
forming a complex (SIPIgR). The signal at 150kDa in NR corresponds to the antibody used for
the immunoprecipitation assay. In R condition, the signal at > 250kDa higher signal disappears,
and it is possible to discriminate the PIgR signal at 80kDa, and the signal of PIgR antibody at
50kDa and 25kDa.

Figure 17 shows the western blot and immunodetection from the two high molecular weight
salivary immunocomplexes. SIC-D appears as a single band, while SIPIgR shows two or more
bands depending on the sample. The western blot and immunodetection indicate that
probably two salivary immunocomplexes are present, with differences from both qualitative

and quantitative point of view.
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Figure 16: Western blot and immunodetection with PIgR antibody of immunoprecipitated samples

from the pools of patients and the pool of controls in non-reducing (NR) and reducing (R) conditions.
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Figure 17: Comparison of high molecular weight salivary immunocomplexes in the four samples. On
the left is shown the western blot of immunoprecipitated with cystatin D-C26 antibody detected with
cystatin D-C26 antibody, while on the right is displayed the western blot of immunoprecipitated with
PIgR antibody detected with PIgR antibody.
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Next step would be the characterization of the SIPIgR using a bottom-up approach in order to
highlight qualitative and/or quantitative variations between the groups of patients and the
healthy subjects and among the patients. Moreover, since the SIPIgR appears to have two or
more bands, it would be interesting separate them using a gel with a lower T (7.5% or 4%) and

analyze them separately.
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Discussion

This study allowed to confirm the presence of a high molecular weight salivary immuno-
complex aggregating to cystatin D-C26 (SIC-D) and permitted to highlight qualitative and
guantitative variation in protein composition between the patients’ complex and the control
one and among the two groups of patients, SM-C and SM+C. As mentioned above,
mastocytosis is an abnormal infiltration of clonally derived mast cells in one or more different
organs whose onset is difficult to establish. Moreover, diagnosis and distinction of the
different subgroup of mastocytosis is usually tricky because of the difficulties in samples
collection. Thus, qualitative and quantitative variations in salivary multi-protein could be
helpful on the diagnosis and distinction of mastocytosis disease.

The immuno-blotting detection of the proteins co-immunoprecipitated with cystatin D-C26
was made in reducing and non-reducing conditions, and, based on the results obtained, the
aggregation of the protein partners seemed to happen through disulfide bridges. However,
another kind of non-covalent interaction have not been excluded by the applied experimental
procedure. The SIC-D multi-protein complex could be defined an immunocomplex since the
abundance of Igs and PIgR among its components. Some proteins have been identified in SIC-
D of all the compared groups, such as IgA, 1gG, annexin A1, S100A8, cystatin D-C26, lysozyme
C and others. Desmoglein-1, lactotransferrin, S100A14 and SLPI were identified in patients but
not in the control SIC-D immunocomplex. The result of SLPI found in SIC-D accorded to the
data collected by HPLC-ESI-MS top-down analysis of acid soluble fraction of salivary samples.
Some proteins were specifically found in just one of the three compared groups:
lactoperoxidase was present only in control SIC-D immunocomplex; a-amylase 1, annexin A2
and cystatin A only in SM-C patients; cystatin B, SI00A9, dermicidin and cystatin C only in
SM+C patients.

A quantitative comparison was made by PD software elaboration on proteins found in all the
groups, controls, SM-C and SM+C, and among these ones, 16 proteins were evidenced as
changed in their abundance when the groups were compared, and they will be discussed on
following.

The antibody anti-cystatin D used allowed immunodetecting and immunoprecipitating
specifically the variant C-26 since recognized as epitope the portion of sequence containing

the cysteine residue. This variant is not detectable in the acid fraction of salivary samples and
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thus not directly analyzable by the HPLC-ESI-IT-MS top-down approach used to analyze,
instead, the variant R-26. The immunodetection approach coupled to MS/MS analysis of the
IPs obtained from the patients and healthy controls allowed revealing that cystatin D-C26 is
present in whole saliva associated to protein partners in the formation of a complex (named
SIC-D). Data obtained on C-26 variant in whole saliva were complementary to those ones
obtained on R-26 variant on acid soluble fraction of salivary samples. Indeed, the variant R-26
was low abundant in SM+C patients, and almost absent in CM, but with a very similar level in
SM-C and control groups. While the variant C-26 was found highly abundant in the SM+C
patients with respect to both controls and SM-C groups, and the last one was the group with
the lowest level of cystatin D-C26. PCA analysis evidenced that cystatin D-C26 was one of those
proteins distinctive for the SM+C group. Unfortunately, data on whole saliva of CM patients
could not be collected. From the HPLC-MS top-down analysis of the cystatin D-R26, it was
possible to distinguish two N-terminally truncated proteoforms, naturally occurring in saliva,
and highlight a different correlation with tryptase concentration in SM-C and SM+C patients.
The bottom-up approach used to study the SIC-D complex did not produce information about
an analogue PTM eventually occurring also on the C-26 variant. It is not known if the two
variants are able to act differently against cathepsins, nor if they show different biological
roles. As already discussed in the first part of the thesis, cystatin D is a potent cathepsin
inhibitor, especially against cathepsin S, which is known to control MHC class ll-mediated
antigen presentation??*. From this point of view, it is intriguing the ability of cystatin D to

140 and probably to regulate their maturation by

interact with the antigen presenting cells
blocking cathepsin S. The association of the only C-26 variant to the immunocomplex,
characterized in this study, suggests that this protein could have a specific role in the immune
response and that role may be altered in the mastocytosis patients.

Igs represent the first barrier against the pathogens in the oral cavity. They are produced by

specific cells that reside in the oral mucosa®®

and are exported in saliva thanks to an epithelial
transport in which PIgR and its secretory component play an important role!#*. Their main
function is to block the microorganism through binding and/or agglutination, preventing
mucosal adhesion?2>22%, |gs resulted to be one of the most abundant components in SIC-D,
with differences in proteins’ concentration between patients and control and among the

patients. Both SM-C and SM+C immunocomplexes exhibited a low abundance of Ig component

with respect to healthy controls except for Igyl heavy chain and heavy constant y2, and Igy1
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light chain, which were very abundant in the patients. The immunocomplex of the SM-C group
exhibited the lowest levels of all the Ig components with respect to the SM+C group. These
results are in accord with the impaired status of the immune systems in mastocytosis patients.
On the other hand, the increased levels of IgG1l and IgG2 in the immunocomplex of the
patients could be related to the predisposition of the mastocytosis patients with systemic
involvements to develop monoclonal gammopathy, an increased concentration of IgGs in
serum227'228.

PIgR is a transmembrane glycoprotein responsible of the epithelial transport of dimeric IgA
and pentameric IgM from interstitial space to the saliva, thanks to the affinity of its secretory
component (SC) to the J chain of IgA and IgM*2, The process of transport is coupled to the
proteolytic cleavage of SC from PIgR, which could be fused to the Igs® or stay unbound in the
oral cavity®18  The SIC-D of SM-C patients showed decreased levels of SC of PIgR with
respect to both compared to SM+C patients and controls. The lower levels of SC may be reflect
also the decreased levels in SIC-D of IgA 1 and 2.

DMBT-1, also known as salivary agglutinin or lung glycoprotein-340, is a scavenger-receptor
glycoprotein rich in cysteine??® belonging to a superfamily of secreted or membrane-bound
proteins with SRCR domains. The protein is found in saliva and is expressed in salivary glands,
ocular mucosal tissue, lacrimal glands, lung, trachea, gastrointestinal tract and
macrophages??°. It may play roles in mucosal defense system, cellular immune defense and
epithelial differentiation. DMBT-1 acts as a scavenger receptor that recognizes and binds a
wide range of oral pathogens, including bacteria and viruses??°-231, The bound of pathogens
increases their clearance from the oral cavity toward the stomach, leading to their acidic
digestion?32, DMBT-1 is able to interact also with mucosal defense proteins, such as IgA,
surfactant proteins and MUC5B, and participate to the inflammation regulation by activating
the complement cascade, stimulating the alveolar macrophage migration, and suppressing
neutrophil oxidative stress??°. The SIC-D of both SM-C and SM+C showed lower levels of
DMBT-1 compared to the healthy controls, and SM-C patients exhibited the lowest level of
this proteins. These results could be correlated to an increased susceptibility of these subjects

to develop infections?33

and to their deficiency in the regulation of the inflammatory response.
Differently from the acid soluble fraction of salivary samples, where a significant decreasing
of a-defensin 1 was observed in the patients, in the SIC-D immunocomplex a-defensin 1/2 was

more abundant in patients, both SM-C and SM+C, than in healthy controls. It resulted, from
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PCA analysis, that a-defensin 1/2, as well as cystatin D-C26, was one of the SIC-D partners
distinctive for the SM+C patients. From the MS/MS analysis, it was not possible to discriminate
between a-defensin 1 or 2, since the covered sequence was common to both, being the a-
defensin 2 derived from proteolysis of a-defensin 1. Defensins are cationic peptides that
possess antibacterial, antifungal and antiviral properties?34. Their positive net charge permits
to bind and to integrate in the microorganism cell membrane leading to the formation of ion
channels, transmembrane pores and membrane rupture, resulting in the destruction of the
microorganism®°%%51, Based on the results presented in this thesis, it appears that the loss of
a-defensin 1/2 as free peptide active in saliva for the oral cavity defense may be associated to
the recruitment of the peptide in a bound form as partner of the other proteins composing
the SIC-D immunocomplex. The reason of this a-defensin 1/2 movement could not be
explained in this study. A biological role similar to a-defensin 1/2 is exhibited by dermcidin, an
anionic antimicrobial peptide expressed largely in epithelial cells but also in keratinocytes,
dendric cells and in immune cells such as neutrophils, intestinal Paneth cells, NK cells, and B
cells?®. Dermcidin, such as other antimicrobial peptides, can act indirectly by augmenting
innate and adaptive immune responses by regulating functions of the host’s immune cells. An
important component of these actions is the induction of inflammatory reactions by activating
mast cells and thus recruitment of other immune cells?3®. Interestingly, the SIC-D of SM+C
patients, but not the SM-C patients nor the controls, contained as partner this peptide.

Annexin Al, member of annexins family, is a calcium-dependent phospholipid binding
protein?®’. Initially it was thought having a role in inflammatory processes since its inhibitor
activity against phospholipase A2%%7, recently it has been found that it can have a role in
epithelial wound repair?38. Even though this function has been highlighted in other tissues?3°,
this protein could have wound repair function also in the oral cavity, since it is often exposed
to traumatic events that can lead to damages and inflammation?3%240_|nterestingly, only SM-
C SIC-D complex showed the presence of annexin A2, which was not found in SM+C nor
controls. Annexin A2 is a calcium regulated binding protein, which is involved in stress
responses, mainly localized in the cytoplasm and plasma membrane?*! but revealed also in
the nucleus?*2243, Annexin A2 can be found as a monomer or as a heterotetrametric form, in
which two molecules of annexin A2 are linked by a dimer of SI00A10%%4. The cytoplasmatic
hetero-tetramer has been suggested to be involved in the endocytic and exocytic vesicular

transport, interaction with cell adhesion molecules regulation, and to function as a scaffold
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protein in lipid raft organization?*. The monomer form possess an N-terminal reactive
cysteine residue (Cys-8) that is oxidized by H,0, and subsequently reduced by the thioredoxin
system, allowing annexin A2 to participate in multiple redox cycles?*. Thus, its increased
concentration in the SIC-D of SM-C of patients could be connected to its protective role against
the ROS that typically increase in inflammatory processes.

S100A8 plays, together with S100A9, an important role in the immune response and in the
regulation of inflammatory responses. It can also form a heterodimer with S100A9 and in
recent study it was found to have a powerful chemotactic activity against neutrophils?4,
S100A8 is a ROS scavenger and it can decrease the concentration of several redox
intermediates®®, Both SM-C and SM+C SIC-D showed decreased abundance of S100A8
compared to control one. Also in this case, it was highlighted a complementary trend to that
one observed in the acid soluble fraction of saliva, where S100A8 was abundant in patients
with systemic symptoms, both SM-C and SM+C, but not in CM patients and healthy controls,
while the protein was found at very low level as aggregated form in the SIC-D immunocomplex
of the patients but not in healthy controls. S1I00A9 was detected only as a partner in SIC-D
immunocomplex of SM+C patients, a result not well accorded with the one obtained in the
salivary acid soluble fraction, where the protein was found at very low level in both SM-C and
SM+C patients with respect to the controls and the CM patients.

Carbonic anhydrase is a zinc metalloenzyme that catalyze the formation of carbon dioxide and
water from bicarbonate and hydrogen ions. It plays an important role in the regulation of acid-
base balance in various tissue and biological fluids?4’-24°, Isoenzyme 6 (CA-6) is secreted from
parotid and submandibular glands, and it is important in the buffering system of saliva. It was
demonstrated that CA-6 can contribute to neutralize plaque acids and to reduce enamel

demineralization®>°

. Moreover, CA-6 is present in the enamel pellicle and it was demonstrated
that it can prevent caries accelerating the clearance of hydrogen ions and acid metabolic
products in the local microenvironment of tooth surfaces?!. Carbonic anhydrase has also
been associated with type 2 cytokine response?°22>3, The results of this study demonstrated
that CA-6 participated to the SIC-D formation and it was found particularly abundant in the
immunocomplex of the patients when compared to the controls, mainly the SM+C group. It is

interesting correlate these results with those one obtained by other research groups that

demonstrated that carbonic anhydrase enzymes are involved in the regulation of mast cells
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activity>>* and that they may be used as targets in potential therapeutic implications in the

management of mastocytosis and type-2 inflammation?>>.

The study carried out in this second part of the thesis allowed to characterize the interaction
of several salivary proteins to associate in a multi-protein complex. The immunocomplex
seemed to act as a fulcrum of aggregation of proteins and peptides playing roles as pro-
inflammatory and regulatory of inflammation, in the innate and adaptive defenses, present in
the oral cavity and ready to release or exchange components as needed from the conditions
of the oral cavity.

The immunocomplex composition was partially different between the two groups of patients
compared, those with systemic symptoms. Further studies are required to enlarge the number
of patients enrolled for each group, in order to confirm the present results and to extend the
characterization of the immunocomplex to the adult patients manifesting only the cutaneous
symptoms. However, despite the small number of subjects under study, it was possible to
highlight qualitative and quantitative variation concerning proteins and peptides involved in
both the innate and acquired immune response, such as in the inflammation. These are all
processes that undergo to dysregulation in mastocytosis, and probably the situation
delineated in saliva at proteomic level may reflect a systemic status. The obtained results are
promising and intriguing in the perspective to profiling the salivary proteome in different

forms of the disease.
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