
 
 

 

 
 

Università degli studi di Cagliari  

 

 

Ph.D. DEGREE 
Life, Environmental and Drugs Sciences  

Cycle XXXIV 

 

TITLE OF THE Ph.D. THESIS 

Proteomic investigation and characterization of cystatin B interactome in 

saliva of patients with Alzheimer’s disease  

 

Scientific Disciplinary Sector(s) 

BIO/10 

 

 

 

Ph.D. Student: Doctor Cristina Contini 
 

Supervisor: Professor Tiziana Cabras 
 

 

 

 

 

 Final exam. Academic Year 2020/2021 

Thesis defense: April 2022 Session 
 





Contents 
 

ABREVIATIONS’ LIST ................................................................................................................. 6 

ABSTRACT ..................................................................................................................................... 7 

INTRODUCTION ........................................................................................................................... 9 

Alzheimer’s disease ........................................................................................................................... 9 

Epidemiology .................................................................................................................................... 9 

Etiology .......................................................................................................................................... 10 

Pathogenesis .................................................................................................................................... 12 

Clinical features .............................................................................................................................. 16 

Diagnosis and Biomarkers ............................................................................................................... 16 

Therapy ........................................................................................................................................... 17 

Proteomics and Mass Spectrometry ................................................................................................. 18 

Saliva and biomarkers ..................................................................................................................... 22 

PART I ........................................................................................................................................... 26 

INTRODUCTION AND AIM OF THE STUDY ............................................................................. 27 

MATERIALS AND METHODS ..................................................................................................... 30 

Reagents and Instruments ................................................................................................................ 30 

Study subjects and clinical data ....................................................................................................... 30 

Sample collection and treatment ...................................................................................................... 31 

RP-HPLC-low resolution ESI-MS analysis ...................................................................................... 32 

RP-HPLC-high resolution ESI-MS/MS analysis .............................................................................. 33 

Quantification and statistical analysis .............................................................................................. 34 

Preparative RP-HPLC separation for enriched salivary cystatin B .................................................... 35 

Immune-blotting analyses ................................................................................................................ 35 

RESULTS ....................................................................................................................................... 39 

DISCUSSION ................................................................................................................................. 47 

PART I SUPPLEMENTARY SECTION ......................................................................................... 54 

PART II ......................................................................................................................................... 68 

INTRODUCTION AND AIM OF THE STUDY ............................................................................. 69 

MATERIALS AND METHODS ..................................................................................................... 72 

Study subjects ................................................................................................................................. 72 

Sample treatment and HPLC-ESI-MS and MS/MS analysis ............................................................. 73 

Quantification of proteins/peptides .................................................................................................. 73 

Statistical analysis ........................................................................................................................... 74 

RESULTS ....................................................................................................................................... 77 



 

DISCUSSION ................................................................................................................................. 92 

CONCLUSIONS ............................................................................................................................. 98 

PART II SUPPLEMENTARY SECTION........................................................................................ 99 

PART III ...................................................................................................................................... 108 

INTRODUCTION AND AIM OF THE STUDY ........................................................................... 109 

MATERIALS AND METHODS ................................................................................................... 111 

Reagents........................................................................................................................................ 111 

Study subjects, Sample collection and treatment ............................................................................ 111 

Western blot analyses .................................................................................................................... 112 

SDS-PAGE and in gel tryptic digestion of enriched cystatin B fraction and acid salivary pools from 

AD and HC subjects ...................................................................................................................... 115 

RP-nanoHPLC-high resolution ESI-MS/MS analysis of enriched cystatin B fraction and acid salivary 

pools from AD and HC subjects .................................................................................................... 116 

Co-IP assay ................................................................................................................................... 117 

Quantification, SDS-PAGE and tryptic digestion of IP samples ..................................................... 118 

RP-nanoHPLC-high resolution ESI-MS/MS analysis ..................................................................... 119 

Bioinformatic tools for statistics and data analysis ......................................................................... 121 

Interactions and functional enrichment analysis ............................................................................. 123 

RESULTS ..................................................................................................................................... 125 

Preliminary tests ............................................................................................................................ 125 

Co-IP assay and characterization of cystatin B interactome ............................................................ 130 

DISCUSSION ............................................................................................................................... 151 

GENERAL CONCLUSIONS ...................................................................................................... 160 

PART III SUPPLEMENTARY SECTION .................................................................................... 161 

Bibliography ................................................................................................................................ 207 

Acknowledgments ........................................................................................................................ 220 

 

  

 



 



6 
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sulfate polyacrylamide gel electrophoresis); SLPI (Secretory Leukocyte Protease Inhibitor); SNO (S-

Nitrosylated); SS (disulfide bridge); Tβ4 (Thymosin beta 4); TFA (trifluoroacetic acid); TIC (Total Ion Current); 

TPC (total protein concentration); TPI (triosephosphate isomerase); XIC (eXtracted Ion Current). 
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ABSTRACT  

 

Alzheimer’s disease is the most prevalent neurodegenerative disease in the elderly, 

characterized by accumulation in the brain of misfolded proteins, inflammation, and oxidative 

damage leading to neuronal cell death. By considering its diagnosis is still heavily based on the 

analysis of cerebrospinal fluid, the need of finding new non-invasive biomarkers has been 

pointed. In the context of biomarker discovery proteomics-based, mass spectrometry 

techniques represent one of the most used and powerful applications to study complex protein 

mixtures and to define protein profiles in different tissues and body fluids.  

According to literature, the possible use of saliva as a diagnostic tool has been explored in 

several oral and systemic diseases. Indeed, saliva comes across as one of the less invasive 

collectable biofluids suitable for the research of diseases’ biomarkers, especially due to the 

possibility to detect and measure many proteins and peptides which are expressed in tissues, 

cell-types and biofluids different from the oral cavity, including the brain.   

Thus, the aim of the present thesis has been to investigate the salivary proteome profile of 

Alzheimer’s disease patients in comparison with healthy controls, to evidence possible 

qualitative/quantitative variations associated with the disease (Part I). Having a cohort of 

healthy subjects age and sex matched was extremely important because salivary proteome 

composition is influenced by the process of aging as it has been proven from childhood to 

adulthood. However, little is known about the changes in saliva protein composition in 

advanced age. For this reason, a statistical comparison between a cohort of young adult controls 

and a cohort of old adult controls in relation with Alzheimer’s disease patients has been 

performed (Part II). To reach these goals, a top-down proteomic approach through HPLC-ESI-

IT-MS and HPLC-ESI-high-resolution-MS/MS on the acid-soluble fraction of saliva has been 

chosen. Among the results obtained, the potential role of cystatins in neurodegeneration 

diseases appeared to agree with previous findings and we also observed the evidence of 
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aggregates of cystatin B in saliva. Thus, we investigated and characterized the interactome of 

cystatin B in whole saliva for the first time through a Co-Immunoprecipitation assay followed 

by bottom-up proteomic approach using a nanoHPLC-ESI-high-resolution-MS/MS system 

(Part III). 
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INTRODUCTION 

Alzheimer’s disease 

Alzheimer’s disease (AD) is a neurodegenerative pathology and it is the leading cause of 

progressive dementia in the elderly population1. AD is characterized by the accumulation of 

amyloid beta (Aβ) plaques and by the development in the brain of neurofibrillary tangles 

(NFTs) composed of tau protein2. Clinically, AD is a slow but unstoppable neurodegenerative 

process that affects cognitive functions. The progression of the disease can manifest itself with 

different symptoms depending on the brain region involved: memory loss, dysfunction of 

language, of the ability to judge, loss of motor coordination, changes in behavioral and social 

aspects3. Only a small portion of AD cases has genetic causes while the majority (95%) are 

sporadic and occur in people over 65 years4. The sporadic form of AD is more complex since 

it likely results from a combination of genetic and environmental factors. Details on the 

characteristics of the disease are discussed in the present introduction.   

Epidemiology 

Dementia, especially AD, is present in all the populations around the world. According to data 

collected in the last two decades, the prevalence of dementia doubles every 5 years in 

individuals between the ages of 65 and 85 and continues increasing after the age of 90. It is 

estimated that only in the United States 4.7 million individuals aged 65 years or older are 

affected by AD dementia. This includes 0.7 million between 65 and 74 years, 2.3 million aged 

75–84 years, and 1.8 million aged 85 years and older. This prevalence may rise to around 14 

million in the United States and 130 million worldwide by 20505. More women than men died 

from dementia in 2016 with age-standardized death rates in women higher than in men, 

probably due to both the longer lifespan of women and a higher prevalence of the disease itself6. 

The average incidence of dementia is similar in China, in the United States and in Europe and 
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it is represented by approximately 10/1000 person-years7. Globally, in 2016, dementia was the 

fifth-largest cause of death after ischemic heart disease, chronic obstructive pulmonary disease, 

intracerebral hemorrhage, and ischemic stroke. More in detail, observing only the number of 

deaths in individuals aged more than 70 years, dementia was the second largest cause of death 

after ischemic heart disease6. It has been estimated that the number of deaths due to dementia 

increased by 148% between 1990 and 2016. Although traditionally mortality statistics are not 

a good measure of deaths attributed to dementia or AD, it is important to underline that while 

individuals may not die of AD per se, advanced dementia increases vulnerability for other 

disorders (e.g., common infections), which ultimately leads to death, or decisions to not treat 

aggressively other conditions in severely demented patients8. 

Etiology 

AD was first described in 1906 by a clinical psychiatrist and neuroanatomist, Alois Alzheimer, 

during the 37th Meeting of South-West German Psychiatrists in Tübingen. The clinical 

observation was about distinctive plaques and NFTs in the brain histology of a 50 years 

woman9. Unfortunately, after more than one century, the etiology of AD has not been fully 

elucidated yet. The disease can manifest as Early Onset-Familial Alzheimer Disease (EO-FAD) 

or Late Onset Alzheimer Disease (LOAD) also known as sporadic Alzheimer’s disease (SAD). 

EO-FAD typically occurs between 30 and 50 years of age with a Mendelian autosomal 

dominant inheritance. This form of AD is strongly associated with the mutations of three 

different genes: APP (chromosome 21; coding for the amyloid precursor), PSEN1 

(chromosome 14; coding for prosenilin 1) and PSEN2 (chromosome 1; coding for prosenilin 

2)10. One of the leading genetic risk factors of EO-FAD is Down Syndrome due to the presence 

of extra chromosome 21 where APP gene is located, but also disfunction in autophagy, 

lysosomal activity and mitochondria11. On the other hand, LOAD or SAD is the most common 
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form of AD and, being most likely the result of a combination of genetic mutation associated 

with other risk factors such as environmental and behavioral ones, it represents a more complex 

condition12. Some risk elements have been identified in aging, genetic and environmental 

factors, vascular diseases, oxidative stress, neuroinflammation of microglia, smoking, 

depression, stress4,12. The first gene to be identified and whose mutations represent a 

considerable risk for sporadic AD is APOE13. However, genetic studies have reported many 

other genes involved in different pathways that may contribute to the development of AD with 

different risk-levels (Figure 1). The most common consequence of exposure to environmental 

factors is the overproduction of reactive oxygen species (ROS). Oxidative stress, observed in 

AD, is mainly due to Aβ misfolding14, but altered metal homeostasis, which has been 

demonstrated in the brain and plasma/serum of AD patients15, may contribute to oxidative 

stress too. Additionally, it has been recently hypothesized that prolonged exposure to several 

heavy metals (aluminum, arsenic, cadmium, lead, mercury), particulate air, some pesticides, 

metal-containing nanoparticles and the alteration of oral and gut microbiota may increase the 

risk of developing AD16. Indeed, the oral and gut microbiota-induced neuronal inflammation 

is a gradually emerging idea promoted by the discovery that brain infections, involving bacteria 

or viruses as external risk factors, can trigger Aβ deposition and AD development17–19. 
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Fig.1: An overview of genes which have been implicated in AD. The internal color corresponds 

to their understood function. Where there are two internal colors, the gene has been implicated 

in more than one pathway. Genes circled in yellow are also thought to influence APP 

metabolism; genes circled in red are thought to influence tau metabolism12. 

 

 

 

Pathogenesis  

AD is characterized by reactive microgliosis, dystrophic neurites and loss of synapses and 

neurons from the brain. The neuropathological hallmarks and the two main pathogenesis 

hypotheses of AD are represented by Aβ cascade and the hyperphosphorylation of tau proteins 

that leads to NFTs11,20 as shown in Figure 2. 

It is known that A peptide (39–43 amino acids in length) is the principal component of senile 

plaques. The discovery of Aβ peptides in cerebrovascular amyloid deposits dates back to the 

mid 1980’s by Glenner and Wong, while the full Aβ amino acid sequence from amyloid plaque 

cores has been identified in 199221. Aβ peptides derives from sequential proteolysis of APP by 

different secretases (Figure 3). The β-secretase is responsible of the cleavage of the 
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extracellular component of APP, generating the N-terminus of the Aβ peptide. From the C-

terminal end of the APP protein, the C-terminal fragment is initially subject to ε-cleavage either 

at threonine (Thr48) or leucine (Leu49). Then the γ-secretase complex mediates cleavage of the 

remaining intramembrane fragment at the C-terminal in position 38, 40, 42, and 43 (γ-sites) 

generating fragments that are released extracellularly. The γ-site cleavage appears to be the 

primary factor influencing the self-aggregation of Aβ peptide. Aβ42 is the most hydrophobic 

of these Aβ peptides and it is considered the primary aggregation-prone peptide in vivo22. 

 

Fig.2: Neuropathological hallmarks that characterize AD. As AD progresses, the brain tissue 

shrinks, the volume of the ventricle, which contains cerebrospinal fluid, increases markedly. 

At the molecular level Aβ peptides are produced by the cleavage of APP in the membrane of 

the neurons (1). In the space between the neurons, Aβ forms oligomers that are thought to 

disrupt the function of the synapses and act in receptors present in the neuron plasma membrane 

(2). The fibrils of the Aβ oligomers are added in plaques, which interfere with the function of 

the neurons (3). Tau hyperphosphorylation causes NFTs within neurons, displacing 

intracellular organelles and disrupting vesicular transport (4)11. 
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Fig.3: A schematic of APP indicating the most common cleavage sites, and an expanded 

illustration of the Aβ sequence and flanking amino acids. The amino acid sequence of Aβ is 

shown in blue and red flanked by residues N- and C-terminal (gold and purple, respectively) 

of APP22. 

 

 
 

 

Alternative processing, referred to as non-amyloidogenic pathways, give rise to additional 

peptides. Initial cleavage by α-secretase followed by γ-secretase cleavage produces the p3 

fragment (Aβ17-40/42) and a combination of cleavage by β-secretase and α-secretase produces 

short N-terminal Aβ peptides (Aβ1-15/16). In addition, combinations of α- or β-secretase with 

δ- and η-secretase produce different peptides extending N-terminally of the β-site22. 

Most Aβ studies have focused on the neurotoxic role of Aβ peptides (particularly Aβ42) due 

to their central role in AD. However, it seems peptides may also have multiple physiological 

functions, playing a role in neurogenesis, calcium homeostasis, modulation of synaptic activity, 
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and plasticity23–25. Their production is normally balanced by clearance due to proteases 

enzymatic degradation26, while aggregated forms of Aβ are degraded by matrix 

metalloproteinase-2 and -9, the cysteine protease cathepsin B, and the aspartyl protease 

cathepsin D26,27. Disruption of the Aβ homeostasis was initially proposed to underlie the 

symptoms of SAD in the amyloid cascade hypothesis, but over the course of the years, even if 

Aβ plaques correlate with neuroinflammation and neuritic dystrophy, no correlation was found 

with the cognitive symptoms of AD, indeed the majority of anti-Aβ therapies failed and it 

became apparent that Aβ pathology could be present also in non-demented subjects22. 

Tau is a protein capable of binding microtubules through multiple sites of phosphorylation 

located in its N-terminal region. These sites are phosphorylated by different kinases, but when 

hyperphosphorylated, mainly because of dysregulation of cyclin-dependent kinase-5 and 

glycogen synthase kinase 3, the result is an abnormal increase of cytoskeletal proteins, 

axoplasmic transport disorders and neuronal degeneration28.  

Aβ and tau proteins are visible in post-mortem AD brains as amyloid plaques and NTFs, 

respectively. They interact with each other at different levels: aggregated Aβ induces tau 

hyperphosphorylation and interferes with its oligomerization and aggregation, but at the same 

time it has been proposed that Aβ toxicity is dependent on tau with the ultimate result of 

neuronal loss, synaptic damage and cognitive decline of AD patients29. Together, they can 

interact with astrocytes, lead to damage of mitochondria and have a combined effect on 

microglia. However, treatments that target Aβ or tau alone have not achieved good clinical 

results and the existence of other proteins, different from Aβ, which can act on tau 

hyperphosphorylation or the phosphorylation by kinases has been suggested29.  

Finally, the “cellular phase” of AD has been proposed as an extension of the amyloid cascade30. 

According to this hypothesis, AD starts with a “biochemical phase” characterized by the 

accumulation of cerebral amyloid and tau pathology in a slow, gradual process which can be 
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tolerated by central nervous system (CNS) cells in the early stages of disease. The biochemical 

phase serves as a risk factor for development of clinical symptoms, but the disease is only 

manifest clinically when cellular homeostatic mechanisms fail, leading to impaired clearance 

of aggregated pathologic protein, increased cellular stress, and a complex breakdown of finely 

tuned intercellular physiologic functions that ultimately lead to neurodegeneration. 

Specifically, this “cellular phase” appears characterized by dysfunction of the neurovascular 

unit, aberrant neuronal network activity, and impaired astrocyte and microglia homeostatic 

functions with possible gain-of-toxic functions30. 

Clinical features 

Clinically, both familial and sporadic AD manifest similar conditions with the majority of cases 

showing an insidious onset of episodic memory difficulties followed by inexorable progression 

of cortical cognitive deficits. The most relevant difference between the two form of AD relates 

to subjects’ age10. Typical amnestic cases are characterized by early impairment in learning 

and memory, followed by later impairments in complex attention, executive function, 

language, visuospatial function, praxis, gnosis and behavior/social comportment1. As 

represented in Figure 2, the brain of AD patients appears atrophic compared to healthy 

individuals and it has also been demonstrated that the synaptic and neuronal loss in the 

entorhinal cortex generally correlates well with onset of cognitive impairment19.  

Diagnosis and Biomarkers 

Patients first go through an intermediate stage recognized as mild cognitive impairment (MCI) 

before they are diagnosed with AD. MCI is a heterogeneous syndrome that is considered a 

prodromal form of AD when accompanied with amnestic clinical evidence31. AD diagnosis is 

then heavily based on detection of Aβ and tau proteins in the CNS, either imaged using positron 
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emission tomography or measured in the cerebrospinal fluid (CSF); moreover, magnetic 

resonance imaging can be used to measure function and reveal brain atrophy32. Some specific 

biomarkers in the CSF were shown to have excellent diagnostic accuracy33 such as Aβ42, 

which is related to the extracellular senile plaques34, total tau protein (T-tau), which reflects 

the level of neuronal damage35, and phosphorylated tau protein on threonine 181 (P-tau181), 

which correlates with tangle pathology36. Unfortunately, the invasive nature of CSF collection 

limits its widespread use in routine primary care practice37. Furthermore, the growing 

complexity of AD pathogenesis highlighted the need for additional biomarkers for early 

preclinical diagnosis. Blood biomarkers are more easily detectable than those from the CSF for 

population screening; however, standardization and validation is still required38. Peripheral 

biomarkers have also been studied in other tissues, including the eyes and the skin39 or other 

body fluids as saliva40 mainly focusing on Aβ or tau, but without resolutive outcomes.   

Therapy 

Despite enormous efforts by the pharmaceutical industry, to date, AD is still un uncurable 

disease mainly treated acting on the symptoms. During the course of AD pathogenesis, 

cholinergic neurons are lost, causing a general cholinergic deficit. This loss is thought to 

contribute to early attention and memory dysfunction in AD, for this reason one therapeutic 

strategy is to use cholinesterase inhibitors (ChEI) as donepezil, rivastigmine and galantamine 

to reverse this deficiency by increasing synaptic levels of acetylcholine. ChEI are currently 

approved for use in mild-to-moderate AD19. Another drug, memantine, is used to improve the 

cognition in moderate-to-severe AD patients. Memantine is a uncompetitive NMDA (N-

methyl-D-aspartate) receptor modulator that may act to inhibit glutamate- mediated 

neurotoxicity that develops as neurons die during AD progression41. Unfortunately, both 

strategies have no effect on long-term disease progression19.  
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On June 2021, the Food and Drug Administration (FDA) in the United States approved the use 

of another drug called Aducanumab or, commercially, Aduhelm with the following indication: 

“Aduhelm is an amyloid beta-directed antibody indicated to treat Alzheimer’s disease. 

Aduhelm is approved under the accelerated approval pathway, which provides patients with a 

serious disease earlier access to drugs when there is an expectation of clinical benefit despite 

some uncertainty about the clinical benefit” (www.fda.gov). Aduhelm is the first disease-

modifying drug to be approved for AD but with clear controversy regarding its efficacy19,42,43.   

Proteomics and Mass Spectrometry 

Proteomics studies the complete set of proteins expressed by a given genome at a given time 

in the life of a cell, tissue or organism, including all isoforms and post-translational 

modifications (PTMs). Since the expression of a protein, as well as its modifications, vary over 

time depending on the cell type and in response to different endogenous and exogenous signals 

(pathological, environmental, pharmacological, toxicological), proteomics studies can help to 

understand how these changes occur, how proteins are involved in the different pathways that 

regulate the life of a cell, a tissue or an organism and weather they interact between each other 

(Figure 4). A proteomic study allows to simultaneously analyze hundreds or even thousands of 

different proteins and peptides expressed in the biological system under exam (tissue, cell 

culture, serum, plasma, saliva, urine, CSF and so on). It allows the structural characterization 

of proteins, their quantification, and the qualitative and quantitative comparison of the same 

protein profile in distinct populations subjected to different stresses (physiological, 

environmental, pharmacological, pathological).  

Proteomic studies exploit the high yield, sensitivity, accuracy and selectivity of technologically 

advanced analytical methodologies as Mass Spectrometry (MS) with the help of bioinformatic 

tools and proteomic and genomic databases.  

http://www.fda.gov/
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Fig.4: Schematic of proteomics’ areas of interest.  

 

 

 

 

MS is used to determine the molecular weight of proteins through their mass to charge ratio 

(m/z). Obtaining gas-phase ions is the first step, then the ions are separated on the basis of m/z 

values in the presence of electric or magnetic fields in a compartment known as mass analyzer. 

Finally, the amount of each species with a particular m/z value is measured. This technique 

was originally applied to study the atomic structure and to characterize small molecules, but 

then became the most powerful in analyzing proteomes44. The sequence and characterization 

of proteins through tandem MS or MS/MS can be obtained using different approaches named 

top-down, bottom-up or middle-down as illustrated in Figure 5. Despite the approach chosen 

to analyze a proteome, developing a suitable separation method prior to MS analysis is a critical 

step depending on the complexity of proteins/peptides mixture in the sample. To do so, there 

are two main strategies: gel-free and gel-based which can be further coupled with MS with on-

line or off-line workflows. The conventional techniques for proteins’ separation are 

chromatographic, such as ion exchange, size exclusion and affinity chromatography. Sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and two-dimensional gel 

electrophoresis (2-DE) can also be used for separation of complex protein samples. These two 
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so called “gel-based” approaches have been successful in many proteomic investigations using 

bottom-up MS strategy where proteins are firstly separated based on their molecular mass or 

both their charge and mass, respectively. On the other hand, the most used gel-free approach 

for proteomic purposes is reverse phase liquid chromatography (RPLC) which can be easily 

coupled with MS using a electrospray ionization (ESI) source and thus known as LC-MS or 

LC-ESI-MS45,46.  

Top-down proteomics allows to study proteins in their naturally occurring form, which is 

extremely useful to detect PTMs and isoforms according to precise m/z values. In this strategy 

particular attention is given in avoiding, as much as possible, any sample alteration and 

proteins/peptides are detected in their intact form47. Indeed, the majority of proteins are 

subjected to PTMs, including endogenous cleavages, which can deeply affect their functions 

and thus, the ability of detecting proteoforms and isoforms is a key in understanding the 

biological system under exam46. On the other hand, bottom-up approach works as a peptides-

based identification. It requires complete enzymatic digestion of proteins prior to tandem MS 

analysis which is usually performed with trypsin. In this case, the presence of a specific protein 

in the sample mixture is adjudged from the MS detection and sequencing of its unique tryptic 

peptides. If the sample is directly digested by enzymatic cleavage skipping the fractionation of 

proteins through chromatographic or gel-based techniques, the chosen strategy is no longer a 

bottom-up approach, but it is called shot-gun proteomics.  

The digestion process causes losses in the sequence information and prevents the identification 

of PTMs, but at the same time peptides offer increased separation efficiency, limited number 

of charge, uniform molecular weight and their mass spectra are easier to analyze due to a 

simpler isotope distribution, which is beneficial for MS detection46,48. 

Top-down proteomics offers unique advantages over bottom-up or shot-gun proteomics due to 

the ability of proteoforms identification, yet it shows many analytical challenges mainly 
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because of MS data complexity, the need of solubilize proteins in MS-compatible buffers and 

sensitivity issues46. Middle-down strategy is an emerging approach that aim to combine top-

down and bottom-up through incomplete or partial digestion of proteins. Obtaining longer 

peptides using different proteases allows to reduce losses in the sequence information and to 

conserve some PTMs into the proteolytic products. Moreover, the number of proteolytic 

peptides in samples are relatively lesser compared to bottom-up, resulting in less complex 

samples and therefore in the enhanced probability of detecting unique peptides45. 

 

Fig.5: Illustration of the fundamental criteria of three different approaches for analysis of 

proteins or proteomes45.  
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Regardless the approach or technique chosen, one of the most important application of 

proteomics is the identification and quantification of biomarkers which can reflect a specific 

condition, like a pathological state, and thus it can be useful for prognostic and/or diagnostic 

aims. Indeed, the search for biomarkers is a challenge that aims to satisfy the need of detecting 

and discriminating early stages of the diseases, improve the understanding of diseases’ etiology 

and pathogenicity, discovering new therapies and prevention targets, improve the existing 

diagnostic assays, particularly in the context of personalized medicine, predict the ability of 

patients to respond to specific drugs or therapeutic programs as well as following the 

progression of patients to treatments49. In this context, following the principles of precision, 

specificity, sensitivity and stability in sample collection, analysis and validation, the proteomic 

investigation of biological samples represent a promising approach for discovering new 

biomarkers and advancing knowledge of disease pathology, prevention, diagnostics and 

therapeutics strategies49.  

Saliva and biomarkers   

Human saliva is composed by water for approximately 99%. The remaining 1% includes 

electrolytes, enzymes, hormones, nucleic acids, cytokines and antibodies. Saliva also contains 

carbohydrates, blood-group substances, lipids, and vitamins, as well as many proteins50. 

Unstimulated saliva flow rate displays circadian variation, with a peak level in the afternoon, 

originating preponderantly from three pairs of major salivary glands (parotid, sublingual, and 

submandibular) and from numerous minor salivary glands. The autonomic nervous system 

regulates the activity of salivary glands, but secretion is also influenced by various centers in 

the brain and gastrointestinal hormones as well51. Among its multiple functions, which are 

important for the maintenance of oral and general health, saliva lubricates and cleanses the 

teeth and oral mucosa, maintains neutral pH through its buffering capacity, prevents tooth 
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demineralization, exerts antimicrobial actions, aids in taste and bolus formation, initiates 

enzymatic digestion of starch and is imperative for mastication, swallowing and articulation of 

speech51. Saliva participates in the formation of the acquired enamel pellicle and the mucosal 

pellicle, which have a protective function and determine the initial adhesion and colonization 

of microorganisms and the composition of the resident oral microbiota51,52. 

The whole saliva proteome is composed of around 3000 proteins and peptides under the 

secretions of the minor and major salivary glands as well as from mucosal transudations, 

gingival crevicular fluid, serum and some blood derivatives, desquamated epithelial cells, 

bacteria, viruses, fungi, and food debris50,53.  

The classes of proline-rich proteins (PRPs; divided in (a) acidic, (b) basic and (g) basic 

glycosylated), α-amylases, mucins, salivary (“S-type”) cystatins, histatins, statherin, represent 

around 90% in weight of the components detected in saliva and derive from the secretion of 

the three couples of major glands53,54. A representation of the principal classes of salivary 

proteins and peptides in human whole saliva is shown in Figure 6. Among the proteins/peptides 

with non-glandular origin, it is possible to measure in saliva defensins, -thymosins, S100A 

protein family, cystatin B, cystatin C and others, which are also expressed in other organs and 

tissues and involved in many different pathways and biological functions55,56.  

In the last decade human saliva has gained more attention for its potential use in biomarkers 

search and diagnostic field57,58. The developments and availability of MS techniques have 

improved the research in the salivary proteome and saliva has been proposed as an easily 

collectable source of potential biomarkers for diagnosis and risk assessment for a range of 

pathological conditions that occur not only orally but also systemically, including 

neurodegenerative disorders40,59,60.  
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Fig.6: Approximate percentages in weight of the principal classes of salivary proteins and 

peptides in human whole saliva (readapted from Boroumand et al.56).  

 

 
 

 

Several research groups have studied the salivary protein profiles characterizing 

neurodegenerative diseases or tried to quantify specific proteins disease-related in saliva to 

evidence possible significant differences between patients and controls. For instance, 

promising results have been obtained on salivary -synuclein levels from Parkinson’s disease 

patients using specific ELISA (enzyme-linked immunosorbent assay) kits61; Bloom and 

colleagues succeeded in detecting higher levels of Huntingtin protein in saliva from 

Huntington's disease patients by Western Blot and ELISA assay and found that salivary 

interleukin-6 could work as potential non-invasive biomarker for Huntington's disease 

symptoms62,63; Obayashi and colleagues found a correlation between salivary levels of the 

neuroendocrine secretory protein chromogranin A measured through a specific immunoassay 

and the disease severity of patients affected by amyotrophic lateral sclerosis64; in the 

investigation of autism spectrum disorder twelve salivary proteins involved in immune 

reactions were found differentially expressed between patients and controls subjects through 

LC-MS/MS65, as well as the evidence of altered phosphorylation state of some salivary proteins 

through top-down proteomic by RP-HPLC-ESI-MS66; top-down proteomic approach has been 

also applied to investigate saliva from patients afflicted by multiple sclerosis67 where salivary 
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proteins levels appeared to reflect the inflammatory condition and altered immune response 

typical of the pathology. All these examples reflect the urgent need of finding non-invasive 

biomarkers, which could lead to the early diagnosis of neurodegenerative disorders. In fact, the 

diagnosis of diseases affecting the CNS remains a challenge. Usually, the tests performed for 

the diagnosis of neurological conditions are either blood tests or lumbar puncture to collect 

CSF. Their invasive nature, especially for the lumbar puncture, results in discomfort, pain and 

disagreeable side effects for patients, which necessitates the search for accurate, more advanced 

and less invasive testing methods60. In this perspective, the use of saliva shows clear advantages 

with respect to other body fluids as CSF or blood: its collection does not require the presence 

of medical staff, it is fast, easy, inexpensive and non-invasive, which makes saliva collectable 

in all kinds of subjects, including infants or non-collaborative ones56,68. Furthermore, most 

blood biomarkers can also be found in saliva since proteins from the blood can pass into the 

saliva via passive diffusion, active transport, or microfiltration59,69 and it was reported that 

proteins from CNS are also excreted into the saliva69. All these characteristics make saliva a 

body fluid with high potential in the field of biomarker discovery proteomics-based and further 

suitable for longitudinal studies, especially if compared to CSF.  
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PART I 

 

Top-Down proteomics of human saliva highlights anti-inflammatory, 

antioxidant, and antimicrobial defence responses in Alzheimer disease  
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INTRODUCTION AND AIM OF THE STUDY 

 

AD is an incurable disease which is estimated will affect 130 million people worldwide by 

2050 among the elderly population5. The diagnosis of diseases affecting the CNS, including 

forms of dementia like AD, represents still a challenge. Indeed, usually the tests performed for 

the diagnosis of neurological conditions involves CSF analyses, which require a lumbar 

puncture that results in pain, discomfort and side effects for patients, highlighting the necessity 

to look for alternative and less invasive testing methods which can also lead to disease 

identification at its early stages60.  

In this context, saliva is a biological fluid rich in proteins and peptides that gained attention in 

the last decade for its promising role in the search of potential disease-related biomarkers, 

including neurodegenerative disorders40. In fact, it was suggested that the alteration of the 

autonomic nervous system, which occurs in AD, could affect the activity of the major salivary 

glands and, thus, saliva production and composition60. According to literature, Gleerup et al.  

found that Aβ42 and tau protein could be candidates as salivary biomarkers of AD40. 

Furthermore, several proteins detectable in human saliva by proteomic approaches55 have been 

investigated for their implication in AD in other body districts. For instance, S100A proteins 

which are strongly involved in inflammation process were found increased in the sera and brain 

lysates from AD patients70,71, as well as -defensins, which are antimicrobial peptides, found 

increased both in the sera and CSF of AD patients72. Another peptide involved in antimicrobial 

and anti-inflammatory activities is Thymosin 4 (T4). T4 was found highly expressed in 

reactive microglia of AD patients, where it was proposed to suppress the pro-inflammatory 

signaling to play a protective role on the CNS73. Additionally, the potential role of cystatins in 

AD pathobiology has been suggested because of the discovery of their co-localization with 

Aβ74. Cystatin C was the first one found co-localized with accumulated Aβ in the brain, and 
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biochemical studies have shown that the binding of cystatin C to soluble Aβ prevents Aβ 

oligomerization, fibril formation, and amyloid deposition74. On the other hand, cystatin B has 

been found overexpressed both in conditions of oxidative stress and neurodegeneration75 and 

its aggregates have also been reported in association with senile plaques in AD and Parkinson 

disease as well as in patients suffering from senile dementia, suggesting that cystatin B could 

be considered as amyloid constituent76. Furthermore, in vitro studies have demonstrated that 

Aβ fibril growth is totally inhibited by tetramers of wild-type cystatin B, while there is no 

inhibition by monomers, dimers or higher oligomers, suggesting this protein may play a role 

in preventing Aβ fibril formation77.  

These examples concern proteins and peptides which are involved in many biological functions 

also at the level of the nervous system, so it is not surprising that they may be implicated in 

molecular processes associated with AD pathogenesis. Considering the difficulties in the early 

diagnosis of AD and the presence in saliva of different proteins/peptides already found 

associated with the pathology, we decided to investigate the salivary protein profile of AD 

patients with respect to healthy controls (HCs). Specifically, the research group I collaborated 

with applies a top-down proteomic approach for the disease biomarker discovery, so in the 

present study, qualitative/quantitative variations of salivary proteoforms detectable in the acid-

soluble fraction of saliva have been analyzed by RP-HPLC-ESI-IT-MS and MS/MS analyses.  

The experiments and research activity of the present section was performed at the University 

of Cagliari (Cagliari, Italy) under the supervision of Professor Tiziana Cabras. The results of 

the present study were published in the journal Frontiers in Neurosciences as follows: “Top-

Down Proteomics of Human Saliva Highlights Anti-inflammatory, Antioxidant, and 

Antimicrobial Defense Responses in Alzheimer Disease, Contini Cristina, Alessandra Olianas, 

Simone Serrao, Carla Deriu, Federica Iavarone, Mozhgan Boroumand, Alessandra Bizzarro, 
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Alessandra Lauria, Gavino Faa, Massimo Castagnola, Irene Messana, Barbara Manconi, Carlo 

Masullo, Tiziana Cabras. Front. Neurosci. 2021 doi: 10.3389/fnins.2021.668852”. 
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MATERIALS AND METHODS 

Reagents and Instruments  

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, United States). HPLC-low-resolution ESI-MS 

(HPLC-(LR)-ESI-MS), analyses were performed with a Surveyor HPLC system connected to 

an LCQ Advantage mass spectrometer (Thermo Fisher Scientific, San Jose, CA, United States). 

The chromatographic column was a Vydac C8 reverse-phase column (Grace, Hesperia, CA, 

United States) (2.1 x 150 mm, particle diameter 5 mm). HPLC/high-resolution ESI-MS  and 

MS/MS (HPLC-(HR)-ESI-MS and MS/MS) experiments were carried out using an UltiMate 

3000 micro HPLC apparatus (Dionex, Sunnyvale, CA, United States) equipped with an FLM-

3000 flow manager module and coupled to an LTQ-Orbitrap Elite or LTQ Orbitrap XL 

apparatus (Thermo Fisher). The column was a Zorbax 300SB-C8 (1.0 x 150 mm; 3.5 mm 

particle diameter). All the chemicals and reagents for immunodetection were purchased from 

Bio-Rad (Hercules, California, United States); the primary mouse monoclonal antibodies (Abs) 

for -defensins, cystatin A, cystatin B, S100A8, S100A9, cystatin SN, and Tβ4 were purchased 

from Santa Cruz Biotechnology (Dallas, TX, United States). The secondary rabbit anti-mouse 

Ab was from Invitrogen (Waltham, MA, United States). Standard Tβ4 was provided by 

Bachem (Bubendorf, Switzerland). 

Study subjects and clinical data 

Thirty-five subjects affected by AD (23 females and 12 males; mean age and standard deviation 

(SD): 80 ± 6) were recruited by the Neurology Department of the “Fondazione Policlinico 

Universitario A. Gemelli,” Catholic University of Rome. The clinical diagnosis of AD has been 
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carried out according to standardized criteria1. The control group included thirty-four healthy 

volunteers (18 females and 16 males; mean age and SD: 78 ± 5). The informed consent process 

agreed with the latest stipulations established by the Declaration of Helsinki. The study was 

approved by the formal ethical committee of the Catholic University of Rome. AD patients and 

controls were carefully selected as non-smokers. They were not affected by any major oral 

disease (periodontitis, caries, or dry mouth). Thirteen patients were classified in the moderate 

stage, and the remaining patients were in the mild stage. Demographic and clinical features of 

the included patients are reported in Table 1.1, as well as the pharmacological therapy. 

Nineteen patients underwent ChEI therapy (donepezil 5 mg or rivastigmine 9.5 mg daily, group 

G1). Eight patients were treated with ChEI in association with memantine, an antagonist of the 

NMDA receptor (group G2). Eight patients were treated with memantine 20 mg daily (group 

G3). 

Sample collection and treatment 

All the samples of non-stimulated whole saliva were collected between 9:00 and 12:00 a.m. 

Donors, in fasting conditions, 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. Variable volumes 

of whole saliva were collected depending on donor capacity and disposal, in any case, a 

minimum of 0.3 mL was guaranteed every time. For each donor, 0.1 mL was designed to the 

analysis of the acidic-soluble fraction of the salivary proteins (Part I and II of the thesis), while 

0.2 mL was utilized for interactome study (Part III of the thesis).  

For the acidic protein fractionation, salivary samples were immediately diluted in a 1:1 v/v 

ratio with a 0.2% solution of 2,2,2-trifluoroacetic acid (TFA) containing 50μM of leu-

enkephalin as internal standard. Then, each sample was centrifuged at 20000 g for 15 minutes 
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at 4°C. Finally, the supernatant was separated from the precipitate and immediately analyzed 

by RP-HPLC-ESI-MS or stored at -80°C until the analysis for up to two weeks. Aliquots of 50 

μL of each sample were used for the determination of the total protein concentration (TPC) by 

a bicinchoninic acid (BCA) assay kit (Sigma-Aldrich/Merck, Darmstadt, Germany) in 

duplicate, following the provided instructions. The TPC determined for each salivary samples 

is indicated together with demographic data in Table 1.1.  

RP-HPLC-low resolution ESI-MS analysis 

Thirty microliters of acidic extracts were injected in HPLC-(LR)-ESI-MS, applying procedures 

and conditions optimized in our previous studies78,79. The total ion current (TIC) 

chromatographic profiles were analyzed to selectively search and quantify the 

peptides/proteins reported in Table S1.1 (Supplementary Section), which shows UniProtKB 

codes, elution times, and experimental and theoretical average mass values (Mav) of the 

proteins/peptides included in the study. Table S1.1 also reports the multiply charged ions used 

for the eXtracted Ion Current (XIC) search, which were selected by excluding values common 

to other closely eluting proteins. A window of ± 0.5 Da was used to extract ion current peaks. 

Experimental Mav were obtained by deconvolution of averaged ESI-MS spectra automatically 

performed by using MagTran 1.0 software80. Mav and elution times of proteins/peptides were 

compared with those determined on salivary samples, under the same experimental conditions, 

in our previous studies55. Experimental Mav were also compared with the theoretical ones 

available at the UniProtKB human data bank (https://www.expasy.org/). To confirm the 

identification of proteins and peptides a (HR)-MSMS analysis was performed. 

https://www.expasy.org/
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RP-HPLC-high resolution ESI-MS/MS analysis  

Twenty-two salivary samples (4 and 18 from the AD and HC groups, respectively) were 

subjected to HPLC-(HR)-ESI-MS/MS (LTQ-Orbitrap Elite or LTQ-Orbitrap XL) to perform a 

top-down characterization confirming the identity of the peptides and proteins investigated in 

this study and reported in Table S1.1 (Supplementary Section). The instrument operated in 

“Intact Protein Mode,” with the delta HCD (higher-energy collisional dissociation) vacuum 

pressure reduced to 0.1. The chromatographic separation was carried out using eluent A (0.1% 

(v/v) aqueous formic acid (FA)) and eluent B (0.1% (v/v) FA in ACN/water 80/20). The 

gradient was 0–2 min 5% B, 2–10 min from 5 to 25% B (linear), 10–25 min from 25 to 34% 

B, 25–45 min from 34 to 70% B, and 45–55 min from 70 to 90% B at a flow rate of 50 ml/min. 

The injection volume was 19 l. Full MS experiments were performed in positive ion mode 

with mass ranging from 400 to 2,000 m/z at a resolution of 120,000 (at 400m/z). Capillary 

temperature was 275 °C, source voltage 4.0 kV, and S-lens radiofrequency level 69%. In the 

data-dependent acquisition mode, the five most abundant ions were acquired and fragmented 

by using collision-induced dissociation (CID) and HCD with 35% normalized collision energy 

for 10 ms, isolation width of 5 m/z, and activation q of 0.25. HPLC-ESI-MS and MS/MS data 

were generated by Xcalibur 2.2 SP 1.48 (Thermo Fisher Scientific, CA, United States) using 

default parameters of the Xtract program for the deconvolution. MS/MS data were analyzed by 

both manual inspection of the MS/MS spectra recorded along the chromatogram and the 

Proteome Discoverer (PD) 2.2 software elaboration based on the SEQUEST HT cluster search 

engine (University of Washington, licensed to Thermo Electron Corporation, San Jose, CA, 

United States) against the UniProtKB human data bank (188,453 entries, release 2019_03). For 

peptide matching, high-confidence filter settings were applied: the peptide score threshold was 

2.3, and the limits were Xcorr scores >1.2 for singly charged ions and 1.9 and 2.3 for doubly 

and triply charged ions, respectively. The false discovery rate (FDR) was set to 0.01 (strict) 
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and 0.05 (relaxed), and the precursor and fragment mass tolerance were 10 ppm and 0.5 Da, 

respectively. N-terminal pyroglutamination of Glu or Gln residues, phosphorylation on Ser and 

Thr residues, N-terminal acetylation, oxidation of Met and Trp residues, glutathionylation, 

nitrosylation, and sulfonic acid of Cys residues were selected as dynamic modifications. 

Because of the difficulties of the automated software in detecting with high confidence every 

protein and their fragments, the structural information derives in part from manual inspections 

of the MS/MS spectra, obtained by both CID and HCD fragmentations, against the theoretical 

ones generated by MS-Product software (http://prospector.ucsf.edu/prospector/mshome.htm). 

All the MS/MS spectra were manually verified by using all the fragmentation spectra with an 

acceptable number of fragment ions. The mass spectrometry proteomics data have been 

deposited into the ProteomeXchange Consortium (http://www.ebi.ac.uk/pride) via the 

PRIDE81 partner repository with the dataset identifier PXD021538. 

Quantification and statistical analysis 

Quantification of peptides/proteins was performed by using the XIC peak areas measured by 

HPLC-(LR)-ESI-MS analysis, with the following peak parameters: baseline window 15, area 

noise factor 50, peak noise factor 50, peak height 15%, and tailing factor 1.5. The estimated 

percentage error of the XIC analysis was <8%. Eventual dilution 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, as described in a previous study78. 

Then, the corrected XIC peak area values of each peptide/protein were normalized on the TPC 

of each sample. GraphPad Prism software (version 5.0) was used to calculate means and SDs 

of the normalized protein XIC peak areas and to perform statistical analysis. Data distributions 

were tested for normality by the D’Agostino-Pearson test. A comparison between the groups 

of patients and controls has been performed with Mann–Whitney and Welch-corrected t-tests, 
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depending on the distribution (skewed or normal) and the variance (unequal or homogeneous). 

Statistical analysis has been considered significant when the p-value was <0.05. A 

nonparametric ANOVA with the Kruskal–Wallis test and Dunn’s post-test was applied to 

compare the groups of patients treated with different pharmacological therapies. 

Preparative RP-HPLC separation for enriched salivary cystatin B 

To obtain a cystatin B-enriched sample by a preparative RP-HPLC separation, a total of 6 ml 

of acid-soluble fraction of human saliva from a healthy donor was injected in a HPLC system 

UHPLC UltiMate 3,000 (Dionex, Sunnyvale, CA, United States). The chromatographic 

separation was carried out on an RP Vydac C8 column (Grace, Hesperia, CA, United States), 

250 x 10 mm, 5 mm diameter particles, with the following eluents: A, 0.056% aqueous TFA; 

and B, 0.05% TFA in ACN/water 80:20 (v/v). The applied gradient was from 0 to 60% B in 40 

min, from 60 to 100% in 5 min with a flow rate of 2.8 ml/min. RP-HPLC fractions collected 

during the separation were analyzed by HPLC-ESI-MS, and that containing the cystatin B 

proteoforms were lyophilized, the powder was suspended in 250 l of 0.1% TFA, and an 

aliquot was subjected to a BCA assay (Sigma-Aldrich/Merck, Darmstadt, Germany) to 

determine the TPC to be used as standard for the immunodetection of cystatin B in the salivary 

pool from AD and HC groups. 

Immune-blotting analyses 

For immunoblotting analysis, 25 g of proteins from 28 AD patients (16 females and 12 males, 

mean age and SD: 80 ± 6) and from 28 HC (15 females and 13 males, mean age and SD: 78 ± 

4) was separately mixed in pools to reach a final TPC of 10 g/l for both pools. Dot-blotting 

was applied for the immunodetection of -defensins, cystatins A and B, S100A8, S100A9, and 

Tβ4. 2 l of each pool diluted 1:10 was blotted in triplicate in a nitrocellulose membrane to 
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detect -defensins, S100A8, and S100A9. For detection of cystatins A and B and Tβ4, 2 l of 

the 10 g/l concentrated pools was used. After 1 hour, the membranes were incubated under 

stirring for 45 min in the blocking solution composed by 5% blotting-grade blocker (Bio-Rad) 

in TBS-T (Tris 0.02 M, NaCl 0.15 M 0.05% Tween-20, pH 7.6) and 1 hour with the primary 

Ab (1:1,000 in TBS-T for -defensins, S100A8, S100A9, and cystatins A and B and 1:200 for 

Tβ4). After washing with TBS-T, the membranes were incubated for 1 hour with the secondary 

rabbit anti-mouse Ab horseradish peroxidase (HRP)-conjugated [IgG (H + L), 1:5,000 in TBS-

T for -defensins, S100A8, S100A9, and cystatins A and B, and IgG2b, 1:50,000 for Tβ4]. 

Hence, the membranes were treated with the detection solution Clarity Western ECL Substrate 

(Bio-Rad) according to the manufacturer’s instructions. The signals were acquired in high-

sensitivity mode with the ChemiDoc MP Imaging System (Bio-Rad) and the images analyzed 

with the Image Lab software (4.0.1 version). The intensities of the signals, appropriately 

corrected by the software background subtraction, were normalized with respect to that of 

cystatin SN, leading to quantitatively unvaried results between patients and controls. Cystatin 

SN, indeed, is a protein found not variated both according to XIC areas, both according to dot 

blot analysis (Table S1.2 for XIC areas and Figure S1.1 for dot blot. Supplementary Section). 

To obtain a dot-blotting in the presence of monoclonal Abs against cystatin SN, the same 

experimental conditions reported above were applied, except for the secondary HRP-

conjugated Ab, which was a rabbit anti-mouse IgG2b, diluted 1:50,000 in TBST. Tβ4 signal 

normalization was performed with respect to the signal of 0.26 nmol of the standard peptide. 

Cystatin B signal normalization was performed with respect to the signal of 0.2 g of the 

cystatin B-enriched sample. 
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Table 1.1. Demographic data of HC involved in the study. Demographic, clinical features and pharmacological treatment of AD patients included 

in the study. For each subject it is indicated the TPC of the acid soluble fraction of saliva determined by BCA assay.   

Controls  Sex and age  TPC g/ml Patients  Sex and age  TPC g/ml Diagnosis  Pharmacological treatment 

#1 M, 70 1310.0 #1 M, 82  1860.0 AD Rivastigmine + Memantine 

#2 M, 85 1443.0 #2 F, 80  182.6 AD Rivastigmine + Memantine 

#3 F, 84 1011.0 #3 M, 85  1142.0 AD Rivastigmine 

#4 M, 82 1226.0 #5 F, 63 1116.0 Pre-senile AD Rivastigmine + Memantine 

#5 F, 81 1580.0 #6 M, 78 1853.0 Dementia Donezepil 

#6 F, 81 810.0 #7 M, 85 2316.0 AD Rivastigmine + Memantine 

#7 F, 79 1772.0 #8 F, 81 277.1 AD Rivastigmine  

#8 M, 74 1050.0 #9 F, 78 564.7 AD Memenatine 

#9 M, 71 1366.0 #10 M, 85 580.3 AD Rivastigmine + Memantine 

#10 M, 78 1115.0 #11 F, 80 781.9 AD Rivastigmine + Memantine 

#11 M, 76 1382.0 #13 F, 79 1136.0 AD Rivastigmine 

#12 F, 77 1828.0 #14 F, 82 2051.0 AD Donezepil 

#13 M, 74 891.7 #16 F, 83 827.0 AD Donezepil + Memantine 

#14 M, 87 1376.0 #17 F, 63 442.7 AD Donezepil 

#15 M, 73 638.6 #18 F, 80 756.0 AD Rivastigmine 

#16 F, 81 1082.0 #19 F, 80 867.8 AD Rivastigmine 

#17 F, 82 1108.0 #20 M, 87 302.4 AD Memantine 

#18 F, 72 1047.0 #21 M, 81 472.7 AD Rivastigmine 

#19 F, 86 1115.0 #22 M, 87 484.0 AD Donezepil 

#20 F, 73 2121.0 #23 F, 75 529.1 AD Rivastigmine 

#22 F, 78 792.5 #24 F, 75 163.1 AD Rivastigmine 
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Controls  Sex and age  TPC g/ml Patients  Sex and age  TPC g/ml Diagnosis  Pharmacological treatment 

#23 F, 79 1241.0 #25 F, 83 499.7 AD Rivastigmine 

#24 F, 78 648.9 #26 F, 84 791.5 AD Rivastigmine 

#25 F, 75 1636.0 #27 F, 81 873.5 AD Rivastigmine 

#26 M, 75 897.8 #28 F, 84 313.7 AD Memantine 

#27 F, 89 1147.0 #29 F, 92 363.2 AD Memenatine 

#28 M, 78 625.8 #30 M, 86 721.2 AD Memenatine 

#29 M, 73 655.5 #31 M, 77 382.2 AD Donezepil 

#30 F, 76 694.7 #32 F, 88 331.6 AD Memantine 

#31 F, 81 455.6 #33 F, 81 312.3 AD Rivastigmine 

#32 M, 81 411.8 #34 F, 77 863.9 AD Rivastigmine + Memantine 

#33 M, 84 212.0 #35 M, 87 1307.0 AD Memantine 

#34 F, 72 307.3 #36 M, 84 576.4 AD Memantine 

#35 M, 80 722.2 #37 F, 77 1400.0 AD Rivastigmine 

   #38 F, 78 801.8 AD Rivastigmine 
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RESULTS 

The results obtained in the present study concern the fraction of salivary peptides and proteins 

soluble in acidic solution and directly analyzable by RP-HPLC-ESI-MS by a top-down 

approach. The investigated components belong to the following protein families: aPRPs, 

statherin, histatins, S-type cystatins, cystatins A, B, C, and D, -defensins, Tβ4, SLPI, S100A 

proteins and all the variants and PTMs that we have characterized in human saliva by our 

approach (Table S1.1, Supplementary Section). Overall, 56 proteoforms were investigated in 

each salivary sample, including modified proteoforms generated by phosphorylation, 

proteolysis, N-terminal acetylation, methionine or tryptophan oxidation, and cysteine oxidation 

(formation of disulfide bridges, glutathionylation, cysteinylation, and nitrosylation) as reported 

in Table S1.1 of Supplementary Section. Protein/peptide levels, measured by MS analysis with 

a standardized XIC procedure, were compared between AD patients and controls. Considering 

that TPC was lower in AD patients (807 g/ml ± 544) than in controls (1,054 g/ml ± 445) 

with a p-value of 0.01, all the XIC peak areas were normalized with respect to the TPC. Figure 

1.1 shows the typical TIC chromatographic profile of a healthy subject involved in the study 

and obtained by RP-HPLC-(LR)-ESI-MS analysis. The investigated protein families at their 

different elution time are reported in the chromatogram and it is highlighted, as an example, 

the XIC procedure used to measure cystatin B S-Glutathionylated (cystatin B SSG). UniProtKB 

codes, elution times, multiply charged ions (m/z) used for the XIC search and those used for 

HR-MS/MS characterization, experimental and theoretical Mav and monoisotopic ([M+H]+) 

mass of all the proteins/peptides included in the study are listed in Table S1.1 of Supplementary 

Section.  

 



40 
 

XIC peak area values were used for the label-free quantitation (LFQ) of the proteins and 

peptides revealed in this study in both the groups, controls and patients. Proteins/peptides 

showing significantly different levels between the AD and HC groups are reported in Table 

1.2, while the results of the statistical analysis of proteins/peptides with similar abundance in 

the two groups are reported in Table S1.2 (Supplementary Section).  

Higher levels in AD group than in HC were observed for statherin and three of its naturally 

occurring fragments (desF43, des1–9, and des1–13), for the P-C peptide, and for Histatin (Hst)-

1 proteoforms, both phosphorylated and non-phosphorylated (Table 1.2). No changes in the 

abundance of other secretory proteins/peptides reported in Table S1.1 (Supplementary Section) 

were observed. AD patients showed also significantly higher levels of -defensinss 1–4, Tβ4, 

cystatin A, and the dimeric and glutathionylated proteoforms of cystatin B (Table 1.2). 

Moreover, the total S100A8 was more abundant in AD than in HC. The unmodified proteoform 

of S100A8 was observed in only 9 AD patients and in 2 HC subjects. In 5 AD patients, S100A8 

was observed just as a hyperoxidized form (carrying Met1/78 and Trp54 oxidation and Cys42 

oxidized to sulfonic acid). The nitrosylated proteoform at Cys42 (S100A8-SNO) was observed 

only in 12 AD patients, and in 7 of these patients was the unique proteoform detected. All the 

proteoforms of S100A9(S) were more abundant in AD patients, and thus Table 1.2 reports the 

sum of the XIC peak areas of all the S100A9(S) proteoforms (short and short phosphorylated 

at Thr108 and their correspondent oxidized derivatives at Met89 or Met78 or Met76 or Met58, 

(Table S1, Supplementary Section). Finally, the long glutathionylated S100A9 was 

significantly more abundant in the AD group than in the HC group. Immunodetection 

approaches confirmed some of the MS results. Dot-blotting analysis, shown in Figure 1.2 A, 

evidenced a higher abundance of total -defensins in AD samples than in HC salivary samples 

(p = 0.02), in accordance with the MS data obtained considering the sum of the XIC peak area 

values of all the -defensins in each sample (p = 0.0005, Figure 1.2 B). Similar results were 
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obtained for S100A8 and S100A9, and also in this case, dot-blotting was used to immunodetect 

total S100A8 (Figure 1.3 A) and total S100A9 (Figure 1.3 C). The signal intensity of total 

S100A8 was significantly higher in the AD salivary pool (p = 0.03) than in the HC one, in 

accordance with MS data obtained on total S100A8 (Figure 1.3 B). Analogously, total S100A9 

(short and long proteoforms) exhibited a signal intensity higher in the AD salivary pool than in 

the HC one (p = 0.007, Figure 1.3 C). The result of the dot-blotting was in accordance with the 

MS results obtained on the total S100A9 (p < 0.0001, Figure 1.3 D). Similarly, the 

immunodetection of Tβ4 confirmed the highest levels of the peptide in AD patients (p = 0.02) 

obtained by the MS approach (Figures 1.4 A,B). Finally, dot-blotting experiments showed 

more abundance of total cystatin B (dimeric and monomeric proteoforms) in AD patients than 

in HC (p = 0.03, Figure 1.5 A), confirming the MS results (Figure 1.5 B). Immunodetection of 

cystatin A did not provide reliable results, probably because the cystatin A levels were under 

the sensitivity limits of our method.  

The comparison among the three AD patient groups treated with different pharmacological 

therapies, named G1(ChEI therapy, donepezil 5 mg or rivastigmine 9.5 mg daily), G2 (ChEI 

in association with memantine), and G3 (antagonist of NMDA receptor, memantine 20 mg 

daily), was limited by the very low number of subjects of the G2 (n=8) and G3 (n=8) groups 

and thus provided preliminary results that were reported in the Table 1.3. These data 

highlighted similar TPC values in the three patient groups (Figure S1.2, Supplementary 

Section). The ANOVA showed that patients in the G1 and G2 groups, rather than G3, could 

contribute mainly to the highest levels of the peptides and proteins reported in Table 1.2, with 

the exception of statherin and its proteoforms found abundant also in the G3 group and P-C 

peptide, for which G3 was the group with the highest values.  

 

 



42 
 

Fig. 1.1: Typical TIC chromatographic profile obtained by RP-(LR)-HPLC-ESI-MS on the 

salivary acid soluble fraction of a healthy subject (A). XIC peak area of cystatin B SSG is 

obtained by specific multiply charged ions (m/z) generated by the protein under exam (B). 

Experimental Mav is obtained by deconvolution of averaged ESI-MS spectra automatically 

performed by using MagTran 1.0 software (C).  
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Table 1.2: XIC peak areas values (mean ± SD) normalized on TPC and frequencies of salivary 

proteins/peptides resulted significantly different between the AD group and HC group. (•), not 

statistically significant p-values; NA, not detected. 

 

Protein/peptide 
XIC Peak Areas x 10

5
(mean ± SD) and Frequency p-values 

AD HC AD vs HC 

P-C peptide 9.8 ± 7.7 (33/35) 5.9 ± 4.4 (34/34) p = 0.02 AD↑ 

Statherin 2P  9.7 ± 9.6 (35/35) 1.1 ± 0.9 (33/34) p < 0.0001 AD↑ 

Statherin desF43 1.5 ± 1.3 (35/35) 0.4 ± 0.7 (33/34) p < 0.0001 AD↑ 

Statherin des1-9  0.6 ± 0.6 (29/35) 0.08 ± 0.1 (24/34) p < 0.0001 AD↑ 

Statherin des1-13  0.2 ± 0.3 (24/35) 0.08 ± 0.1 (16/34) p = 0.01 AD↑ 

Hst-1 1P 1.6 ± 1.5 (33/35) 0.8 ± 0.8 (28/34) p = 0.01 AD↑ 

Hst-1 0P 0.3 ± 0.4 (24/35) 0.1 ± 0.2 (17/34) p = 0.02 AD↑ 

Cyst A 1.9 ± 1.6 (32/35) 1.0 ± 0.9 (29/34) p = 0.007 AD ↑ 

Cystatin B-SSG 0.9 ± 1.2 (29/35) 0.3 ± 0.3 (27/34) p = 0.006 AD ↑ 

Cystatin B-SSC 0.2 ± 0.3 (20/35) 0.08 ± 0.1 (18/34) • 

Cystatin B-SS dimer 0.6 ± 0.5 (31/35) 0.2 ± 0.3 (27/34) p = 0.0006 AD ↑ 

Cystatin B tot  1.7 ± 1.9 (33/35) 0.6 ± 0.6 (27/34) p = 0.002 AD ↑ 

α-defensin 1 1.8 ± 2.0 (32/35) 0.5 ± 0.6 (24/34) p = 0.0001 AD ↑ 

α-defensin 2 1.2 ± 1.3 (30/35) 0.4 ± 0.4 (27/34) p = 0.0009 AD ↑ 

α-defensin 3 0.6 ± 0.5 (25/35) 0.2 ± 0.3 (17/34) p = 0.0003 AD ↑ 

α-defensin 4 0.2 ± 0.3 (13/35) 0.05 ± 0.1 (11/34) p = 0.01 AD ↑ 

α-defensin tot 3.9 ± 4.0 (32/35) 1.2 ± 1.5 (24/34) p = 0.0005 AD↑ 

Tβ4 0.7 ± 0.8 (25/35) 0.2 ± 0.4 (16/34) p = 0.01 AD ↑ 

S100A8   0.6 ± 1.3 (9/35) 0.04 ± 0.2 (2/34) p = 0.02 AD ↑ 

S100A8 hyperoxidized 0.2 ± 0.4 (5/35) 0.04 ± 0.2 (3/34) • 

S100A8-SNO  0.8 ± 1.8 (12/35) NA NA 

S100A8 tot 1.6 ± 2.7 (22/35) 0.08 ± 0.2(5/34) p <0.0001 AD ↑ 

S100A9(S) (all 

proteoforms) 
3.3 ± 3.2 (32/35) 0.5 ± 0.8 (16/34) p <0.0001 AD ↑ 

S100A9(L)-SSG  1.5 ± 2.4 (22/35) 0.3 ± 0.4 (16/34) p = 0.004 AD ↑ 

S100A9 tot 4.8 ± 5.4 (33/35) 0.9 ± 1.2 (19/34) p <0.0001 AD ↑ 
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Table 1.3: XIC peak areas values (mean ± SD) normalized on TPC, frequencies and p-values obtained by statistical analysis when comparing the 

three patients’ groups treated with different therapies by non-parametric ANOVA with the Krustal-Wallis test and Dunn’s post-test. NA, not 

detected. 

 

Protein/ 

peptide 

XIC Peak Areas x 10
5
(mean ± SD) and Frequency ANOVA p value 

G1 (nr 19) G2 (nr8) G3 (nr8) HC (nr34)  

α-defensin 1 2.2 ± 2.3 (19) 2.3 ± 1.8 (8) 0.6 ± 0.8 (5) 0.5 ± 0.6 (24) 
p < 0.0001 (G1vs G3*, G2 vs G3*, G1 vs HC***, G2 

vs HC**) 

α-defensin 2 1.5 ± 1.5 (19) 1.5 ± 1.2 (7) 0.4 ± 0.6 (5) 0.4 ± 0.4 (27) p = 0.0003 (G1vs G3*, G1 vs HC**, G2 vs HC*) 

α-defensin 3 0.7 ± 0.5 (16) 0.8 ± 0.5 (8) 0.2 ± 0.4 (2) 0.2 ± 0.3 (17) 
p < 0.0001 (G1vs G3*, G2 vs G3*, G1 vs HC***, G2 

vs HC**) 

α-defensin 4 0.2 ± 0.3 (8) 0.4 ± 0.2 (8) 0.04 ± 0.08 (2) 0.05 ± 0.1 (11) p = 0.0004 (G1vs G2*, G2 vs G3**, G2 vs HC***) 

Tβ4 0.5 ± 0.6 (14) 1.1 ± 0.9 (8) 0.2 ± 0.4 (3) 0.2 ± 0.4 (16) p = 0.002 (G2vs G3**, G2 vs HC**) 

Statherin 2P 8.8 ± 7.7 (19) 5.9 ± 4.4 (6) 11.0 ± 7.1 (8) 1.1 ± 0.9 (33) p < 0.0001 (G1 vs HC***, G2vs HC*, G3 vs HC***) 

Statherin 

Des1-9 
0.5 ± 0.6 (16) 0.6 ± 0.9 (6) 0.8 ± 0.6 (7) 0.08 ± 0.1 (24) p = 0.0002 (G1 vs HC**, G3 vs HC**) 

P-C peptide 9.3 ± 5.1 (19) 8.6 ± 12.6 (6) 12.3 ± 6.9 (8) 5.6 ± 4.4 (34) p = 0.01 (G3 vs HC*) 

Cystatin B tot 2.0 ± 2.2 (18) 1.9 ± 1.6 (8) 0.9 ± 1.2 (7) 9.3 ± 5.1 (27) p = 0.006 (G1vs HC*, G2 vs HC*) 

Cystatin A 1.8 ± 1.6 (17) 2.9 ± 1.9 (8) 1.2 ± 0.9 (7) 1.0 ± 0.9 (29) p = 0.02 (G2 vs HC*) 

S100A8 tot 1.1 ± 1.5 (12) 0.9 ± 1.1 (6) 0.4 ± 0.5 (4) 0.08 ± 0.2(5) p < 0.0001 (G1 vs HC***, G2 vs HC**) 

S100A8-SNO 1.1 ± 2.3 (9) 0.7 ± 1.0 (3) NA NA p < 0.0001 (G1 vs G3*, G1 vs HC***) 

S100A9(S) tot 1.1 ± 1.5 (18) 0.9 ± 1.1 (7) 0.4 ± 0.5 (7) 0. .5 ± 0.8 (16) p < 0.0001 (G1 vs HC***, G2 vs HC*) 
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Fig. 1.2. Dot-blotting immunodetection of total -defensins in salivary pools of AD and HC 

samples (A) and distribution plot of the XIC peak area values measured by HPLC-(LR)-ESI-

MS of total -defensins (B) in each salivary sample from the AD and HC groups (XIC peak 

areas of the identified defensins (Table S1.1, see Supplementary Section) were considered in 

the sum; *, p < 0.05; ***, p < 0.001). 

 

 

Fig. 1.3. Dot-blotting immunodetection of total S100A8 (A) and total S100A9 (C) in salivary 

pools of AD and HC samples and distribution plot of the XIC peak area values of total S100A8 

(B) and total S100A9 (D) measured by HPLC-(LR)-ESI-MS in each salivary sample from the 

AD and HC groups (XIC peak areas of all the identified proteoforms of S100A8, such as 

S100A9, were considered in the sum (Table S1.1); *, p < 0.05; **, p < 0.01; ***, p < 0.001). 
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Fig. 1.4. Dot-blotting immunodetection of Tβ4 in salivary pools of AD and HC samples (A) 

and distribution plot of the XIC peak area values of T4 measured by HPLC-(LR)-ESI-MS (B) 

in each salivary sample from the AD and HC groups (*, p < 0.05; **, p < 0.01). Normalization 

of dots was performed on the signal of the standard Tβ4 at 0.26 nmol (C). 

 

Fig. 1.5. Dot-blotting immunodetection of total cystatin B in salivary pools of AD and HC 

samples (A) and distribution plot of the XIC peak area values of total cystatin B measured by 

HPLC-(LR)-ESI-MS (B) in each salivary sample from the AD and HC groups (XIC peak areas 

of the three identified proteoforms of cystatin B (see Table S1.1, Supplementary Section) were 

considered in the sum (*, p < 0.05; **, p < 0.01). Normalization of dots was performed on the 

signal at 0.2 µg of enriched cystatin B (C). 
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DISCUSSION 

Saliva, as a mirror of oral and systemic health, provides valuable information because it 

contains not only proteins specifically secreted by the salivary glands54 but also proteins 

derived from the gingival crevicular fluid82,83 from oral microflora84 and plasmatic proteins 

transported from blood to saliva by both intracellular and extracellular pathways. The present 

work evidenced increased levels of some proteins and peptides both secreted and not secreted 

by the salivary glands from AD patients compared to HCs.  

Among the proteins not secreted by the salivary glands, this study highlighted a higher level of 

proteins with a multifaceted nature, namely, S100A8 and S100A9, -defensins 1–4, Tβ4, and 

cystatins A and B. They are involved in many biological functions also at the level of the 

nervous system, and thus, it is not surprising that they may be implicated in molecular processes 

associated with AD pathogenesis. S100A8 and S100A9 mainly derive from neutrophils and 

macrophages, which participate in inflammatory process. During inflammation, S100A8 and 

S100A9 are actively released and exert a critical role in modulating the inflammatory response 

by stimulating leukocyte recruitment and inducing cytokine secretion. S100A8 and S100A9 

may play a dual role in inflammation, and their pro-inflammatory activity can switch to anti-

inflammatory probably depending on the local microenvironment85. The results obtained did 

not allow to establish if the increased levels of S100A9 and S100A8 observed in saliva of AD 

patients were linked to a pro- or anti-inflammatory role; however, they agree with studies 

performed by other research groups. Indeed, as a consequence to neuroinflammation, the 

overexpression of S100A proteins had already been observed in AD where they seem to be 

involved in several processes related to APP processing, A levels, tau protein PTMs, 

formation of protein inclusions, and multiple signaling pathways86. S100A8 was found to be 

upregulated in the sera of AD patients70 and in the hippocampus of mice models of AD87. 

Similarly, S100A9 was found to be strongly increased in brain lysates of both AD patients and 
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AD mice71,88 and also in activated microglia and neurons with tau NFTs89. Several studies 

evidenced a strong positive correlation between S100A9 levels and AD pathology: knockdown 

of S100A9 improved cognition on model mice of AD and reduced global levels of A and APP 

C-terminal fragments due to decreased activity of the beta-site amyloid precursor protein 

cleaving enzyme 1 (BACE-1)71. Moreover, a correlation between S100A9 and calcium 

dysregulation in AD has been also evidenced since knockdown of S100A9 significantly 

diminished the increase of Ca2+ levels determined by APP C-terminal fragments or by A90. 

This study on saliva from AD patients highlighted, with respect to HC, higher levels not only 

of S100A8 and S100A9 but  also of their oxidized proteoforms, namely, the hyperoxidized 

proteoform of S100A8, S100A8-SNO, and glutathionylated long S100A9. Oxidative 

modifications of proteins are common in neurological disorders since the extracellular milieu 

is strongly oxidizing as a result of generation of reactive oxygen species (ROS) and reactive 

nitric oxide species (RNS)91,92. Various environmental stimuli are responsible for ROS/RNS 

production by either inducing neuroinflammation or stimulating/preventing several signaling 

pathways, which leads to increased or reduced enzyme activity that boosts the addition of 

oxidative products in neuronal cells16. Indeed, high concentrations of Fe3+ in NFTs and A 

aggregates increased the levels of H2O2 and advanced glycation end products91. Furthermore, 

it is known that A chemotaxis of microglia and amyloid fibril phagocytosis represent 

inflammatory stimuli and play a critical role in ROS production93. Also, the NADPH oxidase 

system has been identified as an important source of intracellular ROS, thus playing a key role 

in the generation of oxidative stress in neurodegenerative diseases94. Therefore, it is worth 

underlining that S100A8 and S100A9 themselves, increasing intracellular NADPH oxidase 

activity, give a contribution to ROS generation95. Oxidation may represent a switch, whereby 

the modified proteins display anti-inflammatory functions, as demonstrated for S100A8-

SNO96; S100A9 and S100A8 are able also to act as ROS/RNS scavengers; in particular, 
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S100A8 is sensitive to oxidative cross-linking and massive oxidation and shows capacity to 

reduce oxidative damage97. Changes in the inflammatory microenvironment, PTMs of S100A8 

and S100A9, binding with transition metals (Zn2+ and Ca2+), and S100A8/S100A9 heterodimer 

formation most likely play an important role in the functional switching of these pleiotropic 

proteins85. In addition to exposure to oxidative stress, the microbiota induced neuronal 

inflammation is a gradually emerging concept promoted by the discovery that brain infections, 

involving external risk factors such as bacteria or viruses, can trigger A deposition and AD 

development17. In fact, chronic brain infections, caused by various pathogens, have been 

reported for AD patients98,99. In particular, it has been hypothesized that oral and gut 

microbiota, or their released endotoxins, may alter the permeability of the blood–brain barrier 

(BBB), facilitate the cerebral colonization by opportunistic pathogens, and induce microglia 

activation, resulting in increased levels of pro-inflammatory cytokines, which lead to neuronal 

loss and neurodegeneration93. The inflammatory response thereafter may indirectly lead to the 

upregulation of A production100.  

It has been supposed that neuropathological alterations might be associated with abnormal 

expression and/or regulation of antimicrobial peptides, including defensins101, and it is worth 

noting that A itself exerted antimicrobial activity against bacteria and viruses102. Such 

antimicrobial peptides open an intriguing prospect for the detection and follow-up of such 

cerebral infection since they, as part of the innate immune system, can efficiently penetrate the 

BBB and target microbes. Besides their main role as antibacterial and antiviral peptides, 

defensins also exert numerous immunological effects103. This study evidenced higher levels of 

-defensins 1–4 in the saliva of AD patients than in HCs. In accordance with these results, 

Watt and colleagues demonstrated that the levels of -defensins 1–3 were elevated in both CSF 

and sera of AD patients, indicating that an inflammatory condition is present not only at brain 

level but also in other body districts72. In the context of AD, it is also fascinating the 
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antimicrobial and anti-inflammatory activities of Tβ4104 that was found to be more abundant 

in the saliva of AD patients than in HCs. Tβ4 is the most abundant Thymosin- in human 

tissues, including CNS, where it exerts multiple biological functions, such as downregulation 

of inflammatory chemokines and cytokines, promotion of cell migration, blood vessel 

formation, cell survival, stem cell maturation, inhibition of microbial growth, and antiapoptotic 

factor on gingival fibroblasts105, as well as neuroprotective and neurodegenerative effects73,106. 

The increased level of Tβ4 in saliva from AD patients is interesting and probably reflects an 

increase in the brain, in view of the elevated levels of Tβ4 found in reactive microglia of AD 

patients, where it suppresses the pro-inflammatory signaling73. Interestingly, the saliva of AD 

patients was also characterized by increased levels of cystatin B, which is widely expressed in 

numerous tissues, including the brain, and of cystatin A, expressed mainly in epidermal cells, 

lymphoid tissues, and oral squamous epithelia107. It has been suggested that cystatins could 

play a role in AD; indeed, cystatins A and B have been reported to co-localize with amyloid 

plaques of various origins76,108. It is interesting to underline that cystatins B and A, like cystatin 

C, are considered potential A-binding proteins in vitro77, able to break down amyloid 

aggregates in cells, and for this reason, they are also called “amateur chaperones.” Indeed, it 

was demonstrated that cystatin B can bind A and inhibit its fibrillization. Binding is dependent 

on the oligomeric state77 of cystatin B, with the tetramer showing the highest affinity. 

Unfortunately, it was not possible to determine the oligomeric state of cystatin B in saliva. This 

opens a new perspective for further studies on the salivary proteome of AD patients. Cystatins 

A and B may also play an important role as regulation factors of inflammation through the 

inhibition of cathepsins109. In particular, cystatin B, the main natural inhibitor of cathepsin B, 

may exert a neuronal protective key role in AD. In fact, it should be highlighted that the chronic 

systemic exposure to lipopolysaccharide produced by periodontal bacteria may result in an 

overexpression of cathepsin B, which has been recently demonstrated to play a critical role in 
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initiating neuroinflammation and neural dysfunction110. Cathepsin B is a beta secretase 

enzyme, and similar to the BACE-1, it cleaves APP at the beta-cleavage site, creating amyloid 

fragments111. Besides the principal role of cystatin B as an inhibitor of cathepsin B, recent data 

show additional interesting roles in maintenance of cell homeostasis, reduction of oxidative 

stress112, and prevention of apoptosis113.  

Saliva of AD patients compared to the HC group also showed higher levels of some peptides 

secreted by the salivary glands that are involved in the metal homeostasis and defense of the 

oral cavity, namely, Hst-1, both phosphorylated and not phosphorylated, and statherin. Hst-1 

is a peptide with multifaceted actions, including bacterial and host protease inhibitory 

properties, wound healing processes, and stimulation of cell migration114. Moreover, Hst-1, 

similar to cystatin B, is able to inhibit bacterial lipopolysaccharide activity and consequently 

inflammatory cytokines and production of other pro-inflammatory factors115. Indeed, Hst-1 

together with other salivary histatins, defensins and cathelicidins, represent the main family of 

antimicrobial peptides in mammals116. Histatins carry two metal-binding motifs in the N-

terminal domain, by which they exert their antimicrobial action: the Cu(II)/Ni(II) binding 

(ATCUN) motif and the Zn(II)-binding motif HEXXH117. Interestingly, Huang et al. evidenced 

the presence of a similar Zn(II)-binding motif (EXHH) in A 1–40 amyloid peptides118. 

Antibacterial activities against oral pathogens have been demonstrated also for statherin and 

its C-terminal fragments119, which, in particular, retain the specific binding sites for 

Porphyromonas gingivalis, the key-stone pathogen in periodontitis120. The increased level of 

these antimicrobial peptides in saliva of AD patients can be linked to an oral dysbiosis, which 

is often observed in such patients. It is worth noting that recent epidemiological studies have 

identified a strong association between the periodontal pathogen P. gingivalis and 

neurodegeneration. P. gingivalis has been detected in the brain autopsy and CSF of individuals 

diagnosed with AD121. Another recent study demonstrated the presence of P. gingivalis derived 
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lipopolysaccharides in brain samples from AD patients122 and the presence of gingipains, a 

class of P. gingivalis proteases, in neurons, tau tangles, and A of individuals with AD123. Oral 

dysbiosis in elderly people with AD was frequently observed as well as the propensity to 

periodontal problems; AD individuals may also suffer from xerostomia and oral lesions, such 

as stomatitis and candidiasis124. These conditions have been associated with a decrease of 

submandibular salivary flow in patients with AD without medications125, which is considered 

an effect of the disease itself or associated with the anticholinergic therapy often applied124. 

Nevertheless, the results obtained in the present study did not appear linked to pathological 

conditions occurring in the oral cavity, since the enrolled patients were selected on the basis of 

absence of manifest oral diseases. Moreover, these results could not be considered a 

consequence of glandular flow variations due to the therapy; indeed, no statistically significant 

differences in the TPC were measured among the three groups of patients with diverse drug 

treatments (G1, G2, and G3). Additionally, among all the peptides/proteins of glandular 

origins, only some peptides, such as statherin, Hst-1, and P-C peptide, changed their abundance 

in the saliva of AD patients with respect to the controls. This evidence suggested a connection 

between the attendance of the AD and the overexpression and/or oversecretion of these specific 

peptides. Finally, preliminary results from the comparison among G1, G2, and G3 groups 

appeared to display that almost all proteoforms found at high levels in the AD saliva were more 

concentrated in G1 and G2, treated with ChE inhibitors, than in G3 group; this last group, 

treated with an NMDA receptor antagonist, showed levels similar to those of the HC group. 

Only statherin proteoforms and P-C peptides were found at the highest levels in the G3 group. 

A further investigation focused on implications of the pharmacological therapy is desirable 

with a greater number of patients. The data collected in the present study did not allow us to 

demonstrate that infections and/or inflammation occurred in AD patients at the moment of the 

sample collection or to affirm that these results were a consequence of previous injury events. 
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Certainly, peptides and proteins involved in the innate immune-protection, both specific of the 

oral cavity and also expressed in other body districts, were more abundant in salivary samples 

of AD patients, particularly proteins acting as ROS/RNS scavengers and with a neuroprotective 

role, such as S100A8, S100A9, and cystatin B; proteins with antimicrobial activity, such as -

defensins, cystatins A and B, Hst-1, statherin, and Tβ4; and peptides involved in the 

homeostasis of the oral cavity. Almost all these peptides/proteins are able to act as anti-

inflammatory factors, and among these, Tβ4 has an important regulatory role at the microglia 

level. Moreover, several experimental and clinical data confirm a key role of oral and gut 

dysbiosis in neurodegeneration. The merging of oral-/gut derived inflammatory response 

together with aging and poor diet in the elderly may contribute to the pathogenesis of AD. The 

results obtained in this study support the view that, in the AD patients under study, several 

protective mechanisms against pathogen-targeting agents generating ROS and RNS, infections, 

and inflammatory conditions have been established. 

  



54 
 

PART I SUPPLEMENTARY SECTION 
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Table S1.1: UniProt-KB code, experimental and theoretical Mav ± SD, Mav and monoisotopic ([M+H]+), and elution times of proteins and 

peptides analyzed. Table reported also the m/z values and charge of the multiply-charged ions selected for XIC search in HPLC-LR-ESI-MS, and 

those ones used for HR-MS/MS characterization. 

 

Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

Acid Proline-Rich Proteins  

PRP-1 2P 

(P02810) 
22.2 

15515 ± 2 

(15514-15515) 

1293.9 (+12)  

1194.4 (+13)  

1035.3 (+15) 

970.7 (+16) 

913.6(+17) 

 

15506.1± 0.1 

(15506.24-

15507.22) 

1293.19(+12) 

1034.75(+15) 

970.14(+16) 

862.46(+18) 

N-Term(Gln->pyro-Glu), 

S8(Phospho), S22(Phospho) 

PRP-1 1P 22.9 
15435 ± 2 

(15434-15435) 

1287.2 (+12) 

1188.3 (+13) 

1030.0 (+15) 

965.7 (+16) 

908.9 (+17) 

 

15426.3 ± 0.1 

(15426.27-

15427.26) 

1286.52 (+12) 

1187.64 (+13) 

1029.42 (+15) 

N-Term(Gln->pyro-Glu),  

S8 or S22(Phospho) 

PRP-1 0P 23.2 
15355 ± 2 

(15354-15355) 

1280.5 (+12) 

1182.1 (+13) 

1024.6 (+15) 

960.7 (+16) 

904.2 (+17) 

15346.3± 0.1 

(15346.31-

15347.29) 

903.72(+17) 

853.57(+18) 
N-Term(Gln->pyro-Glu) 

PRP-1 3P 21.6 
15595 ± 2 

(15594-15595) 

 

1418.7 (+11) 

1300.5 (+12) 

1200.6 (+13) 

1040.6 (+15) 

975.7 (+16) 

15586.3± 0.1 

(15586.21-

15587.19) 

1732.80(+9) 

1114.30(+14) 

866.90 (+18) 

1040.08(+25) 

 

N-Term(Gln->pyro-Glu) 

S8, S17, S22 (Phospho) 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

PRP-3 2P 

(P02810) 
22.8 

11161 ± 1 

(11161-11162) 

1595.5 (+7) 

1396.2 (+8) 

1015.7 (+11) 

931.1 (+12) 

859.6 (+13) 

11155.10± 0.07 

(11156.08-

11157.06) 

1015.19 (+11) 

930.67 (+12) 

797.86 (+14) 

744.74 (+15) 

N-Term(Gln->pyro-Glu) 

S8, S22 (Phospho) 

Fragment 1-106 of PRP-1 

PRP-3 1P 23.4 
11081 ± 1 

(11081-11082) 

 

1584.1 (+7) 

1386.2 (+8) 

1008.4 (+11) 

924.5(+12) 

853.4 (+13) 

11076.00± 0.07 

(11076.11-

11077.09) 

1385.51 (+8) 

1008.61 (+11) 

924.01 (+12) 

853.01 (+13) 

N-Term(Gln->pyro-Glu) 

S8 or S22 (Phospho) 

PRP-3 0P 23.8 
11001 ± 1 

(11001-11002) 

 

1376.2 (+8) 

1101.2 (+10) 

917.8 (+12) 

786.8 (+14) 

 

10996.01± 0.07 

(10996.14-

10997.13) 

1000.56 (+11) 

786.37 (+14) 
N-Term(Gln->pyro-Glu) 

PRP-3 2P 

desR106 
22.8 

11004 ± 1 

(11005-11006) 

1573.2 (+7) 

1223.8 (+9) 

1001.5 (+11) 

847.6 (+13) 

 

10999.85± 0.07 

(10999.97-

11000.96) 

1001.00 (+11) 

917.66 (+12) 

N-Term(Gln->pyro-Glu) 

S8, S22 (Phospho), R106 

removal 

P-C peptide 

(P02810) 
15.0 

4370.9 ± 0.4 

(4370.8) 

1457.9 (+3) 

1093.7 (+4) 

4369.19 ± 0.02 

(4369.18) 
1093.05(+4) Fragment 107-150 of PRP-1 

Statherin  

Statherin 

(P02808) 
29.2 

5380.0 ± 0.5 

(5379.7) 

1794.2 (+3) 

1345.9 (+4) 

1076.9 (+5) 

5377.46 ± 0.03 

(5377.45) 
1345.12 (+4) S2(Phospho); S3(Phospho) 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

Statherin 1P 28.9 
5299.9 ± 0.5 

(5299.7) 

1767.6 (+3) 

1325.9 (+4) 

1060.9 (+5) 

5297.50 ± 0.03 

(5297.48) 
1325.13 (+4) S3(Phospho) 

Fr. des-F43 27.8 
5232.4 ± 0.5 

(5232.5) 

 

1745.1 (+3) 

1309.1 (+4) 

1047.5 (+5) 

5230.38 ± 0.03 

(5230.38) 
1308.35 (+4) C-Term F43removal 

Fr. desT42-F43 27.9 
5131.2 ± 0.5 

(5131.4) 

 

1711.4 (+3) 

1283.8 (+4) 

1027.2 (+5) 

5129.33 ± 0.03 

(5129.33) 
1283.09 (+4) C-Term T42-F43removal 

Fr. desD1 28.7 
5264.7 ± 0.5 

(5264.6) 

 

1755.9 (+3) 

1317.2 (+4) 

1053.9 (+5) 

 

5262.41 ± 0.03 

(5262.42) 
1316.36 (+4) N-Term D1removal 

Fr. des1-9 28.5 
4127.9 ± 0.4 

(4127.6) 

1376.9 (+3) 

1032.9 (+4) 

4125.99 ± 0.02 

(4125.99) 
1376.00 (+3) N-Term 1-9 residue removal 

Fr. des1-10 28.0 
3971.3 ± 0.4 

(3971.4) 

1986.7 (+2) 

1324.8 (+3) 

3969.90 ± 0.01 

(3969.89) 
1323.97 (+3) 

N-Term 1-10 residue 

removal 

 

Fr. des1-13 

 

 

27.5 
3645.2 ± 0.4 

(3645.0) 

1823.6 (+2) 

1216.1 (+3) 

3643.68 ± 0.01 

(3643.68) 

1215.56 (+3) 

911.92 (+4) 

N-Term 1-12 residue 

removal 

P-B peptide  

 

P-B peptide 

(P02814) 

30.0 
5792.9 ± 0.5 

(5792.7) 

1932.0 (+3) 

1449.2 (+4) 

1159.6 (+5) 

5790.06 ± 0.03 

(5790.04) 
965.85(+6) N-Term(Gln->pyro-Glu) 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

Fr. des1-4 30.0 
5371.0 ± 0.5 

(5371.3) 

1791.4 (+3) 

1343.8 (+4) 

1075.3(+5) 

5368.84 ± 0.03 

(5368.82) 

1343.21 (+4) 

1074.77 (+5) 
N-Term 1-4 residue removal 

Fr. des1-5 30.3 
5215.0 ± 0.5 

(5215.1) 

 

1739.4 (+3) 

1304.8 (+4) 

1044.0 (+5) 

5212.75 ± 0.03 

(5212.73) 
1303.94 (+4) N-Term 1-5 residue removal 

Fr. des1-7 30.1 
5060.1 ± 0.5 

(5060.9) 

 

1688.0 (+3) 

1266.2 (+4) 

1013.2 (+5) 

 

5058.67 ± 0.03 

(5058.65) 
1265.42 (+4) N-Term 1-7 residue removal 

Fr. des1-12 27.5 
4549.0 ± 0.5 

(4549.3) 

1517.5 (+3) 

1138.3 (+4) 

4547.10 ± 0.02 

(4547.41) 
1137.85 (+4) 910.48 (+5) 

N-Term 1-12 residue 

removal 

Histatins  

Hst-1 (P15515) 21.9 

 

4928.2 ± 0.5 

(4928.2) 

1644.1 (+3) 

1233.5 (+4) 

4926.21 ± 0.02 

(4926.20) 
704.61 (+7) S2(Phospho) 

Hst-1 0P 22.0 

 

4848.2 ± 0.5 

(4848.2) 

1617.4 (+3) 

1213.5 (+4) 

4846.24 ± 0.02 

(4846.23) 
693.18 (+7)  

Hst-3 (P15516) 17.7 

 

4062.2 ± 0.4 

(4062.4) 

1355.1 (+3) 

1016.6 (+4) 

4060.98 ± 0.02 

(4060.98) 

813.00 (+5) 

677.67 (+6) 
 

Hst-3 1/25 14.3 

 

3192.4 ± 0.3 

(3192.5) 

1065.1 (+3) 

799.1 (+4) 

3191.62 ± 0.01 

(3191.62) 

532.78 (+6) 

456.81 (+7) 
Fragment 1-25 of Hst-3 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

Hst-3 1/24 14.6 

 

3036.5 ± 0.3 

(3036.3) 

1013.2 (+3) 

760.1 (+4) 

3035.53 ± 0.01 

(3035.52) 
607.91 (+5) 506.76 (+6) Fragment 1-24 of Hst-3 

Cystatins  

A (P01040) 31.8 
11005.354 ± 2 

(11006.5) 

1001.59 (+11) 

1101.59 (+10) 

1223.94 (+9) 

1376.81 (+8) 

1573.36 (+7) 

1835.42 (+6) 

11000.65± 0.07 

(11000.67) 

1375.96 (+8)  

847.13 (+13)  

786.69 (+14) 

 

A Nα-Ac. 33.0 
11047.43 ± 2 

(11048.5) 

 

1005.41 (+11)  

1105.85 (+10) 

1228.61 (+9) 

1382.06 (+8) 

1579.36 (+7) 

1842.42 (+6) 

 

11042.55± 0.07 

(11042.68) 

1381.21 (+8)  

1227.85 (+9)  

789.69 (+14) 

N-Term-α-Acetylation 

B-SSG (P04080) 32.8 
11485.8 ± 2 

(11486.9) 

1915.5 (+6) 

1642.0 (+7) 

1436.9 (+8) 

1277.3 (+9) 

1149.7 (+10) 

1045.3 (+11) 

11480.69± 0.07 

(11480.68) 

1149.58 (+10)  

1045.25 (+11) 
C3Glutathionylation 

B-SSC 32.9 
11299.8 ± 2 

(11300.7) 

 

1884.5 (+6) 

1615.4 (+7) 

1413.6 (+8) 

1256.7 (+9) 

11294.54 ± 0.07 

(11294.61) 
- C3Cysteinylation 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

1131.1 (+10) 

1028.6 (+11) 

 

B S-S dimer 34.3 
22358 ± 2  

(22361.3) 

1862.4 (+12) 

1721.1 (+13) 

1598.2 (+14) 

1491.8 (+15) 

1398.6 (+16) 

1316.4 (+17) 

1243.3 (+18) 

1177.9 (+19) 

1119.1 (+20) 

1065.8 (+21) 

1017.4 (+22) 

973.2 (+23) 

nd  1 interchain disulfidebridge 

C (P01034) 35.1 
13342 ± 2  

(13343.1) 

 

1483.57 (+9) 

1335.32 (+10) 

1214.02 (+11) 

1112.93 (+12) 

1027.40 (+13) 

13335.32 ± 0.08 

(13335.58) 

1112.21 (+12) 

834.41 (+16) 
2 intrachain disulfidebridges 

D-R26 des1-5 

(P28325) 
37.7 

13517 ± 2 

(13517.3) 

1690.70 (+8) 

1502.90 (+9) 

1352.70 (+10) 

1229.80 (+11) 

1127.4 (+12) 

1040.40 (+13) 

13509.43± 0.08 

(13509.65) 

1501.96 (+9) 

1351.86 (+10) 

965.90 (+14) 

N-Term(Gln->pyro-Glu) after 1-5 

residue removal,  

2 intrachain disulfidebridges  
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

Cystatins S-type  

S1 (P01036) 35.3 
14266 ± 2 

(14265) 

1784.3 (+8) 

1586.1 (+9) 

1427.6 (+10) 

1297.9 (+11) 

1189.8 (+12) 

1098.4 (+13) 

1020.0 (+14) 

14256.66± 0.09 

(14256.77) 

1296.98 (+11) 

1097.60 (+13) 

1019.27 (+14) 

S3(Phospo) on cystatin S,  

2 intrachain disulfide bridges 

S1ox 35.3 
14281 ± 2 

(14280.7) 

 

1786.40 (+8) 

1589.70 (+9) 

1429.30 (+10) 

1299.50 (+11) 

1191.30 (+12) 

1099.70 (+13) 

 

14272.66 ± 

0.09(14272.77) 

1428.18 (+10)  

1298.43 (+11)  

1190.31 (+12)  

892.99 (+16) 

S3(Phospo),  

W23 oxidation,  

2 intrachain  

disulfide-bridges 

S2  35.3 
14346 ± 2 

(14345) 

1794.3 (+8) 

1595.0 (+9) 

1435.6 (+10) 

1305.2 (+11) 

1196.5 (+12) 

1104.5 (+13) 

1025.7 (+14) 

14336.58 ± 0.09 

(14336.74) 

1434.57 (+10)  

1195.65 (+12)  

896.98 (+16) 

S1, S3 (di-Phospho) on cystatin S,  

2 intrachain disulfide-bridges 

SN (P01037) 34.6 
14312 ± 2 

(14313) 

 

1790.0 (+8) 

1591.2 (+9) 

1432.2 (+10) 

1302.1 (+11) 

1193.7 (+12) 

13304.03 ± 0.09 

(13304.09) 

951.22 (+14)  

740.06 (+18) 
2 intrachain disulfide-bridges 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

1101.9 (+13) 

1023.3 (+14) 

 

SNox 34.6 
14328 ± 2  

(14328) 

1792.30 (+8) 

1593.20 (+9) 

1434.00 (+10) 

1303.30 (+11) 

1195.20 (+12) 

1103.30 (+13) 

 

14320.10± 0.09 

(14320.09) 

1302.74 (+11) 1194.26 

(+12) 1102.47 (+13) 

955.61 (+15) 

W23oxidation 

SA (P09228) 36.8 
14347 ± 2 

(14346) 

1794.4 (+8) 

1595.1 (+9) 

1435.7 (+10) 

1305.3 (+11) 

1196.6 (+12) 

1104.6 (+13) 

1025.8 (+14) 

14338.02± 0.09 

(14338.01) 

1103.85 (+13) 1025.07 

(+14) 956.80 (+15) 

897.06 (+16) 844.35 

(+17) 797.50 (+18) 

1 intrachain  

disulfide-bridge 

Antileukoproteinase  

SLPI (P03973) 26.2 
11702.2 ± 1 

(11706) 

1952.64 (+6) 

1673.84 (+7) 

1464.73 (+8) 

1302.10 (+9) 

11703.29 ± 0.07 

(11702.36) 

1301.26 (+9) 1171.24 

(+10) 
8 intrachain disulfide bridges 

α-Defensins  

α-defensin 1 

(P59665) 
23.5 

3442.5 ± 2  

(3442.1) 

 

1772.03 (+2) 

1148.36 (+3) 

861.52 (+4) 

 

3440.45 ± 0.01 

(3440.52) 
861.13 (+4) 689.10 (+5) 2 intrachain disulfide-bridges 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

α-defensin 2 

(P59665/6) 
23.5 

3370.4 ± 1  

(3370.9) 

1686.49 (+2) 

1124.66 (+3) 

843.75 (+4) 

 

3370.41 ± 0.01 

(3370.44) 1124.48 (+3) 843.61 (+4) 

675.09 (+5) 
2 intrachain disulfide-bridges 

α-defensin 3 

(P59666) 
23.5 

3485 ± 2 

(3486.1) 

1744.03 (+2) 

1163.03 (+3) 

872.52(+4) 

3484.53 ± 0.01 

(3484.51) 
872.13 (+4) 2 intrachain disulfide-bridges 

α-defensin 4 

(P12838) 
27.2 

33708 ± 1  

(3709.4) 

 

1855.71 (+2) 

1237.48 (+3) 

928.36(+4) 

3707.68 ± 0.01 

(3707.77) 
927.94 (+4) 2 intrachain disulfide-bridges 

Thymosins β4  

Tβ4 (P62328) 18.5 
4964.0± 1  

(4963.5) 

1655.51 (+3) 

1241.88 (+4) 

993.71 (+5) 

4961.50 ± 0.02 

(4961.48) 
877.76 (+6) N-Term-α-Acetylation 

S100A proteins  

S100A12 

(P80511) 
40.0 

10444 ± 2  

(10443.9) 

 

1306.5 (+8) 

1161.4 (+9) 

1045.4 (+10) 

950.4 (+11) 

 

10438.74±0.07 

(10438.49) 

1044.75 (+10) 

803.88 (+13) 

696.83 (+15) 

M1 removal 

S100A7 

(P31151) 
37.0 

11367 ± 2  

(11367.8) 

1422.0 (+8)  

1264.1 (+9) 

1137.8 (+10) 

1034.4 (+11) 

 

11360.43 ± 

0.07(11361.52) 

1263.28 (+9)  

1033.77 (+11)  

947.71 (+12) 

874.89 (+13) 

M1 removal, N-Term-α-

Acetylation, D27 variant 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

S100A8 

(P05109) 
40.4 

10833 ± 2  

(10834.5) 

1355.3 (+8) 

1204.8 (+9) 

1084.5 (+10) 

985.9 (+11) 

10826.60 ± 0.07 

(10828.657) 

 

985.42 (+11) 903.39 

(+12) 833.97 (+13) 

 

S100A8 

hyperoxidized 39.3 
10915 ± 2 

(10914.6) 

1365.3 (+8) 

1213.7 (+9) 

1092.5 (+10) 

993.2 (+11) 

 

10908.40 ± 0.07 

(10908.631) 
840.05 (+13) 

C42-SO3H and W54 

dioxidation or C42-SO3H and 

W54 oxidation and M1/78 

oxidation 

S100A8 SNO 40.8 
10863 ± 2 

(10863.5) 

1358.9 (+8) 

1208.1 (+9) 

1087.3 (+10) 

988.6 (+11) 

10858.67 ± 

0.07(10857.647) 

836.13 (+13) 

776.47 (+14) 

724.78 (+15) 

C42 nitrosylation 

S100A9(S) 

(P06702) 
42.2 

12690 ± 2  

(12689.2) 

1410.9 (+9) 

1269.9 (+10) 

1154.6 (+11) 

1058.4 (+12) 

977.1 (+13) 

12682.21 ± 0.08 

(12682.293) 

 

1410.03 (+9) 

1269.13 (+10) 

1057.77 (+12) 

976.48 (+13) 

846.42 (+15) 

705.52 (+18) 

N-Term-α-Acetylation after 

1-5 residue removal 

S100A9(S) 1P 42.2 
12770 ± 2  

(12769.2) 

1419.8 (+9) 

1277.9 (+10) 

1161.8 (+11) 

1065.1 (+12) 

983.3 (+13) 

 

12762.05 ± 0.08 

(12762.26) 

912.96 (+14) 

852.29 (+15) 

798.96 (+16) 

N-Term-α-Acetylation after 

1-5 residue removal, T108 

(Phospho) 

S100A9(S) M-ox 41.3 
12706 ± 2  

(12705.2) 

1412.7 (+9) 

1271.5 (+10) 

1156.0 (+11) 

12698.39 ± 0.08 

(12698.288) 

907.95 (+14) 

847.49 (+15) 

N-Term-α-Acetylation after 

1-5 residue removal,M89 or 78 

or 76 or 58 oxidation 
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Proteins/peptides 
El. time  

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge)  

for XIC search 

Exper.  (theor) 

[M+H]+ ± SD 

m/z (charge) 

for MS/MS 
PTMs 

1059.8 (+12) 

978.3 (+13) 

S100A9(S) M-ox 

1P 
41.3 

12786 ± 2  

(12785.2) 

 

1421.9 (+9) 

1279.5 (+10) 

1163.3 (+11) 

1066.4 (+12) 

984.5 (+13) 

 

12778.21 ± 0.08 

(12778.255) 

1420.70 (+9) 

983.87 (+13) 

913.66 (+14) 

N-Term-α-Acetylation after 

1-5 residue removal, T108 

(Phospho), M89 or 78 or 76 or 58 

oxidation 

S100A9(L) SSG 41.5 
13459 ± 2  

(13458.1) 

1346.8 (+10) 

1224.5 (+11) 

1122.5 (+12) 

1036.3 (+13) 

962.3 (+14) 

13450.51 ± 0.08 

(13450.55) 

1035.58 (+13) 

961.68 (+14) 

841.60 (+16) 

792.15(+17) 

748.20 (+18) 

M1 removal, N-Term-α-

Acetylation, 

C2glutathionylation 

 



66 
 

Fig. S1.1: Immune-detection analysis of Cystatin SN by dot-blotting of a triplicate of a salivary 

pools of AD samples and HC samples (A), statistical analysis of the spot intensity of the AD 

and HC spots (B). Cystatin SN signal was used to normalize the dot blot intensity signals of 

total -defensins, total S100A8 and total S100A9.   

 

 

 

 

Fig. S1.2: TPC measured in the subgroups of patients with different pharmacological 

treatment. 
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Table S1.2: XIC peak areas values (mean ± SD) normalized on TPC and frequencies of 

proteins/peptides from glandular origin resulted with similar levels between AD group and 

HC group. (•), not statistically significant p-values.  

 

Protein/peptide 
XIC Peak Areas x 10

5
(mean ± SD) and Frequency p-values 

AD HC AD vs HC 

PRP-1 2P  37.6 ± 27.2 (34/35) 28.8 ± 18.7 (34/34) • 

PRP-1 1P  5.0 ± 4.3 (34/35) 3.8 ± 3.5 (31/34) • 

PRP-1 0P 0.2 ± 0.6 (8/35) 0.3 ± 0.3 (19/34) • 

PRP-1 3P  0.09 ± 0.2 (8/35) 0.3 ± 0.4 (16/34) • 

PRP-3 2P  13.0 ± 10.4 (35/35) 9.4 ± 6.7 (34/34) • 

PRP-3 1P  2.1 ± 1.9 (35/35) 1.5 ± 1.1 (32/34) • 

PRP-3 0P  0.06 ± 0.1 (10/35) 0.04 ± 0.07 (9/34) • 

PRP-3 2P, desR106 1.8 ± 1.8 (31/35) 2.4 ± 2.2 (28/34) • 

Stath. 1P  0.3 ± 0.4 (29/35) 0.3 ± 0.2 (24/34) • 

Stath. desT42-F43 0.4± 0.4 (26/35) 0.2 ± 0.2 (30/34) • 

Stath. desD1 0.4 ± 0.5 (32/35) 0.3 ± 0.3 (30/34) • 

Stath. des1-10  0.3 ± 0.3 (26/35) 0.2 ± 0.2 (27/34) • 

P-B peptide  7.8 ± 6.6 (35/35) 6.4 ± 4.4 (34/34) • 

P-B des1-4 0.6± 0.8 (2/35) 0.7 ± 0.6 (32/34) • 

P-B des1-5 0.8 ± 0.8 (34/35) 1.0 ± 1.1 (34/34) • 

P-B des1-7 1.3 ± 2.3 (34/35) 0.8 ± 0.5 (34/34) • 

P-B des1-12 0.7 ± 0.7 (34/35) 0.8 ± 1.3 (31/34) • 

SLPI  0.1 ± 0.2 (13/35) 0.06 ± 0.09 (13/34) • 

Hst-3 0.6 ± 1.0 (18/35) 0.4 ± 0.7 (18/34) • 

Hst-3 1/25  0.2 ± 0.3(9/35) 0.2 ± 0.3 (17/34) • 

Hst-3 1/24  1.1 ± 1.5 (20/35) 0.6 ± 0.9 (10/34) • 

Cyst A Nα-Ac 0.2 ± 0.2 (24/35) 0.2 ± 0.5 (23/34) • 

Cyst. C  0.1 ± 0.4 (6/35) 0.08 ± 0.2 (5/34) • 

Cyst. D-R26 des1-5 0.3 ± 0.4 (13/35) 0.3 ± 0.4 (16/34) • 

Cyst S1 tot 6.4 ± 8.8 (31/35) 4.1 ± 3.7 (30/34) • 

Cyst. S2  1.6 ± 2.6 (20/35) 1.2 ± 1.2 (26/34) • 

Cyst. SN tot 12.3 ± 21.3 (32/35) 6.7 ± 6.6 (29/34) • 

Cyst. SA  1.4 ± 3.4 (8/35) 0.5 ± 1.2 (7/34) • 

S100A7  0.3 ± 0.7 (13/35) 0.2 ± 0.3 (11/34) • 
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PART II 

 

Comparative salivary proteomics among adult, elderly and Alzheimer 

individuals    
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INTRODUCTION AND AIM OF THE STUDY 

 

Aging is a complex biological process characterized by a steady decline in different 

physiological functions that can lead to physical and cognitive impairment in humans126. 

Aging, indeed, is a risk factor for many pathologies, including neurodegeneration, cancer, 

osteoarthritis and others, so the availability of true biomarkers of biological age has been 

pointed as highly relevant to improve the clinical health and to succeed in the early 

identification of patients at high age-related risk127. In humans, APOE gene, which is strictly 

implicated in AD, appeared to be the most representative contributor to lifespan128. However, 

genetic studies showed large limits in the understanding of molecular mechanisms that 

influence aging and longevity due to individual variability128, while the potential of proteomic 

and metabolomic studies has been suggested127,128. Indeed, the search for metabolites and 

proteins involved in lifespan has recently gained attention, revealing how proteomic studies 

can be highly relevant in the study of aging clock129. Johnson and colleagues performed a 

systematic review on 36 studies involving a total of 3301 subjects aged 18-76 years old130, 

mainly focused on proteomic investigation of blood, plasma, liver, bone marrow, skin, urine. 

The results highlighted the increased expression of 23 proteins, e.g. vascular endothelial 

growth factor, pleiotrophin, fibrinogen alpha, in older subjects130. Proteomic studies also 

highlighted the increase in the content of proteins involved in iron transport, homeostasis, 

immune response and apoptosis in the plasma from neonatal age to adulthood129, as well as 

the potential correlation between proteins post-translational modifications (PTMs) and age or 

age-related diseases131.  Human saliva composition varies between individuals depending on 

a multitude of factors, including sex, health status, circadian rhythms, habits, nutritional 

factors, and age50. Age-related changes in salivary proteome were highlighted by several 

studies performed on populations from 180 days after birth to adulthood132–136. Anyways, to 

date, few proteomic studies concerning the effect of age on salivary protein profile have been 
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performed on populations older than 60 years and they are summarize in Table 2.1. Johnson 

and colleagues evidenced, by cationic gel-electrophoresis procedure, a significant decrease in 

histatins levels137; mucin (MUC) 1 and 2 using radiolabeled SDS-page138 and real-time 

PCR139, lactoferrin and transferrin by ELISA140, and peroxidase activity by 

spectrophotometry141 were also found decreased in elderly. Conversely, increased levels of 

lysozyme, amylase, albumin and sIgA were observed by sialometrical analysis142 and sIgA 

enzyme immune assay140. Manconi and colleagues evidenced, with a top-down proteomic 

approach, high levels of cystatins A and B and small proline-rich protein 3 in old edentulous 

subjects with respect to younger subjects143. In a recent review, telomere length, DNA 

methylation, MUC1 expression and protein carbonylation levels, have been indicated as the 

main biological hallmarks measurable in saliva and related to aging process144, but further 

investigation about the changes in salivary protein composition in advanced age are 

essential144,145. Indeed, defining the salivary protein profile typical of elderly subjects could 

be useful in the investigation of biomarkers of age-related pathologies, as AD, especially 

considering the globally increasing size of old population and the high risk of age-related 

diseases. Thus, there is a critical need of deeply investigate the salivary proteome in the 

elderly to better understand if and how it can reflect the biological age of subjects and aging-

related risks. In this study, we performed a statistical investigation, based on exact Mann-

Whitney t-test, Random Forest (RF), Multidimensional Scaling (MDS) and Hierarchical 

Cluster Analysis (HCA), which compared the salivary protein profiles, detectable by HPLC-

ESI-IT-MS, of adult (under 70 years old) and elderly  (over 70 years old) subjects. This kind 

of analysis was chosen to obtain a classification of the subjects into the two groups depending 

on their salivary proteome and thus highlighting that the changes at proteomic level in oral 

cavity are related to the biological age of the subjects. Moreover, the comparison was 

extended to the protein profile of pathological subjects affected by AD, in order to confirm 
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the results obtained in the previous study146 with a different statistical approach, to validate 

the goodness of the classification method and to determine their feasibility for the 

health/disease status-related classification of the subjects.  

 

Table 2.1: Significant changes (p < 0.05) in human saliva composition reported in elderly 

(subjects over 60 years old) with respect to young population. 

 

Protein Increase ↑ or decrease ↓ Reference 

Histatins ↓ 137 

MUC1, MUC2 ↓ 138,139 

Lactoferrin, transferrin ↓ 140 

Peroxidase activity ↓ 141 

Lysozyme ↑ 142 

Amylase ↑ 142 

Albumin ↑ 142 

IgA ↑ 140,142 

Cystatin A and B,  

small proline-rich protein 3 
↑ 143 

 

 

The research activity of the present section was performed at the University of Cagliari 

(Cagliari, Italy) under the supervision of Prof. Tiziana Cabras and in collaboration with Prof. 

Giacomo Diaz. 
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MATERIALS AND METHODS  

Study subjects 

In this study we analysed, by a different statistical approach, quantitative proteomic data 

obtained on salivary samples in our two previous studies79,146. We used proteomic data of 

thirty-five adult healthy controls (aHC) (18 females, 17 males, 46 ± 12, mean age ± SD) 

selected among those enrolled in the study of Serrao and colleagues79 in order to have a group 

matched for sex and number with the group of elderly healthy controls (eHC), (18 females 

and 16 males, 78 ± 5 mean age ± SD). For the eHC group as for the AD group (23 females 

and 12 males; 80 ± 6 mean age ± SD), we utilized proteomic data of eHC and AD subjects 

included in the study of Contini and colleagues146. Table 2.2 reports demographic features 

and TPC values determined by BCA assay of all the subjects involved. The informed consent 

process for sample collections agreed with the latest stipulations established by the 

Declaration of Helsinki. The study approval was obtained by the formal ethical committees 

of the Catholic University of Rome and of the University of Cagliari, being the samples from 

healthy controls collected in Cagliari and the samples from AD subjects at the Neurology 

Department of the “Fondazione Policlinico Universitario A. Gemelli”, Catholic University of 

Rome. The diagnosis of AD has been made according to standardized criteria1. None of the 

subjects included were affected by any major oral disease (periodontitis, caries, or dry mouth), 

moreover, they had not history of radiotherapy or chemotherapy and were carefully selected 

as no-smokers. The elderly subjects enrolled as controls suffered from common age-related 

illness, such as hypertension, and were treated with standard drugs. However, none of them 

used antidepressants or anticholinergic drugs. 
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Sample treatment and HPLC-ESI-MS and MS/MS analysis 

The procedure of sample collection and treatment, and the experimental conditions of the 

HPLC-ESI-IT-MS and MS/MS analysis have been described in our previous studies79,146. All 

the samples were collected and analysed in the same period of time and, thus, with the same 

chromatography conditions and MS parameters. The experimental procedure was 

standardized for the analysis of the acid soluble protein fraction of human saliva, obtained 

after treatment of the whole saliva with 0.2% trifluoracetic acid in a 1:1 (v/v) ratio. All the 

peptides/proteins included in this investigation were previously identified in the acid soluble 

fraction of saliva by HPLC-HR-ESI-MS/MS analysis (LTQ-Orbitrap Elite or LTQ-Orbitrap 

XL)79,146–148. LR-MS analyses were utilized for the LFQ of identified peptides and proteins 

with XIC approach. In the present study we considered the 61 peptides and proteins listed in 

the supplementary material as Table S2.1, which reports UniProt-KB codes, elution times, 

experimental and theoretical Mav, multiply-charged ions used for the XIC, and the current 

PTMs. 

Quantification of proteins/peptides 

Quantification of peptides/proteins was performed using the XIC peak areas measured by LR-

MS analysis79,146. The quantification of some proteoforms, not included or included in only 

one of the two previous studies was performed in this study with the following peak 

parameters: baseline window 15, area noise factor 50, peak noise factor 50, peak height 15%, 

and tailing factor 1.5. The estimated percentage error of the XIC analysis was <8%. Eventual 

dilution errors occurring during sample collection were corrected by normalizing XIC peak 

areas of peptides/proteins with the XIC peak area of leu-enkephalin 50 M used as internal 

standard. Finally, XIC peak area values of each peptide/protein were normalized on the total 

protein concentration (TPC) measured as described in Contini et al.146 and expressed in g/l. 
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Statistical analysis 

Statistical analysis considered both single proteoforms and the sum of proteoforms of the 

same protein and thus we refer to them as components. In total, the number of components 

examined for the purposes of this study is 76. The difference of TPC within the three groups 

was tested by Kruskal-Wallis test for non-parametric multiple comparison followed by 

Dunn’s Post Test using GraphPad Prism software (version 5.0). XIC areas of all 

proteins/peptides showed a considerable deviation from normality using Kolmogorov-

Smirnov and a number of goodness-of-fit tests (Shapiro-Wilk, Anderson-Darling, Lilliefors, 

with p-values < 0.0001 in almost all tests, data not shown). This suggested the adoption of 

non-parametric exact Mann-Whitney tests (between groups) and Kendall correlations (within 

groups). Significant p-values of simultaneous multiple tests were verified by the Benjamini-

Hochberg procedure149 to keep a cumulative false discovery ratio (FDR) among all test less 

than 5%. MDS was applied to Kendall correlations to obtain a dimensionally reduced diagram 

of co-expressed proteins. The classification of subjects was obtained using RF analysis. 

Algorithm parameters, such as the number of trees to grow and the number of features 

randomly sampled for each split, were preliminarily tuned to minimize the classification error. 

RF was applied to three data set combinations: (1) aHC and eHC, characterized by differences 

in age; (2) eHC and AD, characterized by differences in normal or pathological conditions; 

(3) aHC, eHC and AD, characterized by differences both in age and normal or pathological 

conditions. Classification accuracy was calculated as the proportion of correct assessments 

(both true positive and true negative) to the total number of assessments. The use of a subset 

proteins/peptides selected according to the Boruta method150, compared to the use of all 

proteins/peptides analyzed, resulted in a consistent increase of classification accuracy. The 

relative importance of each protein/peptide for classification was expressed by the mean 

decrease of the Gini index (MDG). The Gini index is a measure of impurity. For a single 
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decision tree, the Gini index ranges from 0 (no impurities, 100% correct classification) to 1 

(total impurity, elements are randomly distributed across classes). MDG averages the decrease 

in impurity for each tree of the whole 'forest', produced by each protein. Dimensionally 

reduced diagrams of RF classifications were obtained by MDS and HCA using the RF 

proximity values (the normalized frequency of trees that contain the two samples in the same 

end node).  For HCA we used the Ward’s agglomerative method and 1-proximity as distance 

between each pair of samples. MDS was computed using the singular value decomposition 

method which ensures a matrix factorization numerically accurate even in the presence of a 

high degree of multicollinearity (i.e., multiple correlation). Analyses were made using R 

(RCoreTeam. R: A language and environment for statistical computing. Vienna, Austria: R 

Foundation for Statistical Computing; 2014. http://www.R-project.org/). 

  

http://www.r-project.org/
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Table 2.2. Demographic data of adult healthy controls (aHC), elderly healthy controls (eHC) 

and AD patients involved in the study. For each subject it is indicated the TPC of the acid 

soluble fraction of saliva determined by BCA assay.   

aHC Sex and age  TPC g/l eHC Sex and age  TPC g/l AD  Sex and age  TPC g/l 

#1 F, 44 0.27 #1 M, 70 1.31 #1 M, 82  1.86 

#2 M, 53 0.37 #2 M, 85 1.44 #2 F, 80  0.18 

#3 F, 60 1.6 #3 F, 84 1.01 #3 M, 85  1.14 

#4 F, 43 0.61 #4 M, 82 1.23 #5 F, 63 1.12 

#5 F, 38 0.63 #5 F, 81 1.58 #6 M, 78 1.85 

#6 F, 39 1.21 #6 F, 81 0.81 #7 M, 85 2.32 

#7 F, 23 0.67 #7 F, 79 1.77 #8 F, 81 0.28 

#8 F, 49 0.25 #8 M, 74 1.05 #9 F, 78 0.56 

#9 M, 55 0.6 #9 M, 71 1.37 #10 M, 85 0.58 

#10 M, 54 0.61 #10 M, 78 1.12 #11 F, 80 0.78 

#11 M, 36 0.62 #11 M, 76 1.38 #13 F, 79 1.14 

#12 M, 24 0.37 #12 F, 77 1.83 #14 F, 82 2.05 

#13 M, 27 1.03 #13 M, 74 0.89 #16 F, 83 0.83 

#14 M, 53 0.94 #14 M, 87 1.38 #17 F, 63 0.44 

#15 M, 53 1.1 #15 M, 73 0.64 #18 F, 80 0.76 

#16 M, 58 0.52 #16 F, 81 1.08 #19 F, 80 0.87 

#17 F, 43 1.14 #17 F, 82 1.11 #20 M, 87 0.3 

#18 M, 45 1.01 #18 F, 72 1.05 #21 M, 81 0.47 

#19 F, 64 0.96 #19 F, 86 1.12 #22 M, 87 0.48 

#20 M, 38 0.51 #20 F, 73 2.12 #23 F, 75 0.53 

#21 F, 52 1.36 #22 F, 78 0.79 #24 F, 75 0.16 

#22 M, 36 0.71 #23 F, 79 1.24 #25 F, 83 0.5 

#23 F, 57 0.57 #24 F, 78 0.65 #26 F, 84 0.79 

#24 F, 60 0.68 #25 F, 75 1.64 #27 F, 81 0.87 

#25 F, 59 1.56 #26 M, 75 0.9 #28 F, 84 0.31 

#26 F, 40 0.26 #27 F, 89 1.15 #29 F, 92 0.36 

#27 F, 27 0.26 #28 M, 78 0.63 #30 M, 86 0.72 

#28 M, 33 0.86 #29 M, 73 0.66 #31 M, 77 0.38 

#29 F, 54 1.02 #30 F, 76 0.69 #32 F, 88 0.33 

#30 F, 67 0.75 #31 F, 81 0.46 #33 F, 81 0.31 

#31 M, 46 0.27 #32 M, 81 0.41 #34 F, 77 0.86 

#32 M, 55 0.6 #33 M, 84 0.21 #35 M, 87 1.31 

#33 M, 56 0.37 #34 F, 72 0.31 #36 M, 84 0.58 

#34 F, 30 0.44 #35 M, 80 0.72 #37 F, 77 1.4 

#35 M, 62 0.69    #38 F, 78 0.8 
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RESULTS 

 

The results obtained in the present study concerned the fraction of salivary peptides and 

proteins soluble in acidic solution and directly analyzable by RP-HPLC-ESI-MS using a top-

down approach. The main salivary protein families were investigated: aPRPs, statherin, Hst-

1, 3, 5 and 6, P-B peptide, cystatins A, B, C, D and salivary (S-type), -defensins 1-4, Tβ4, 

SLPI, S100A proteins (Supplementary Table S2.1). Overall, 61 proteins/peptides were 

included in the study, among which modified proteoforms generated by phosphorylation, 

proteolysis, N-terminal acetylation, methionine or tryptophan oxidation, and cysteine 

oxidation (formation of disulfide bridges, glutathionylation, cysteinylation, and nitrosylation) 

(Table S2.1). For the purpose of this study, we also included cystatin S2 mono-oxidized, 

S100A12, S100A9 long glutathionylated ((L)-SSG) and its phosphorylated and oxidized 

proteoforms (Table S2.1), which were not originally included in our previous studies79,146. 

The XIC area values measured for each peptide/protein in every sample was normalized on 

TPC, indeed, the TPC resulted significantly increased in eHC both with respect to aHC (p-

value < 0.01) and with respect to AD patients (p-value < 0.05). (Figure 2.1). The XIC search 

was performed along the TIC chromatographic profiles. Typical TICs obtained by RP-HPLC-

ESI-MS analysis from one aHC, one eHC and one AD subject involved in this study are 

shown in Figure 2.2 (panels A, B and C respectively). XIC area values of the investigated 

proteoforms of the three groups were analyzed using different statistical methods: (1) multiple 

Mann-Whitney tests to identify differentially expressed proteins/peptides included between 

groups, (2) multiple Kendall correlations to identify co-expressed proteins/peptides included 

within groups, and (3) RF analysis to provide a classification of single subjects into different 

groups. 
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Fig.2.1: TPC distribution of acid soluble protein fraction of saliva from aHC, eHC and AD 

patients. On the bottom it is reported the mean ± SD for each group, also shown by horizontal 

bars. 
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Fig.2.2: TIC profile of acidic-soluble fraction of saliva from aHC (panel A), eHC (panel B) 

and AD patient (panel C) obtained by RP-HPLC-ESI-LR-MS analysis. 

 

 



80 
 

1. Differentially expressed proteins/peptides 

The XIC peak areas, the frequencies, and Mann-Whitney comparisons of all the components 

measured in aHC, eHC and AD patients, are shown in Table 2.3. In the case of aPRPs, 

statherin, P-B peptide, Histatins, cystatin A, B, S1, S2, SN, S100A8, S100A9 and -defensins 

the sum of the XIC peak areas of all their proteoforms (Table S2.1) was also considered and 

reported in Table 2.3, leading to a total of 76 components to be submitted to statistical 

analysis. Results of Mann-Whitney tests are also graphically shown in supplementary Figure 

S2.1. The comparison between aHC and eHC (Table 2.3 and Figure S2.1, panel A) showed 

significant changes in 69 of the 76 components tested (91%). All these changes, with no 

exception, consisted in a decrease of protein levels in eHC. The highest significant down-

regulation concerned the P-B peptide and particularly its fragment des1-7, the sum of PRP-3 

and PRP-1 proteoforms and the oxidized proteoforms of S-type cystatins (indicated as “ox”). 

On the other hand, components which did not vary significantly between the two groups of 

controls were S100A7, the form of PRP3 missing for Arginine in position 106 (desR106), 

cystatin B cysteinylated (SSC), the non-phosphorylated (0P) proteoforms of PRP-1 and Hst-

1, Hst-3, and SLPI. The comparison between eHC and AD (Table 2.3 and Figure S2.1, panel 

C) showed significant changes in 37 of the 76 components tested (49%), all showing higher 

protein levels in AD. These were statherin and its proteoforms des1-9, des1-13 and, as 

consequence, the sum of all proteoforms; Hst-1, both phosphorylated and non-

phosphorylated; P-C peptide, cystatin A, the several proteoforms of S100A8, S100A9, and 

cystatin B, cystatin SA, the oxidized form of cystatin S2 and SN, α defensins and Tβ4. The 

comparison between AD patients and aHC (Table 2.3 and Figure S2.1, panel B) showed 

significant lower abundance of cystatin A, S-type cystatins, Hst-5 and Hst-6, PRP-1, PRP-3, 

with the exception of its non-phosphorylated form, P-C peptide, statherin and its truncated 
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forms desT42F43 and desD1, and P-B peptide. Only the sum of the oxidized forms of S100A8 

showed an opposite trend, being increased in AD group with respect to aHC.
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Table 2.3. XIC peak areas (median and interquartile range) normalized on TPC, and frequencies (F) of the salivary proteins/peptides in aHC, AD 

patients and eHC. On the right, results of multiple Mann-Whitney tests for group comparisons, with an FDR <5%. The range of color tones from 

yellow to red denotes the magnitude of significant p-values. Color tones are continuous and more accurate over significance thresholds. 

 
 aHC  AD  eHC  aHC vs eHC  aHC vs AD  eHC vs AD 
 XIC Peak Area F  XIC Peak Area F  XIC Peak Area F  

p-value 

ch
an

ge
  

p-value 

ch
an

ge
  

p-value 

ch
an

ge
 

Components 
25th 

perc 
median 

75th 

perc 
  25th 

perc 
median 

75th 

perc 
  25th 

perc 
median 

75th 

perc 
    

S100A12 1.2E05 1.9E05 3.9E05 8/35  1.0E05 1.7E05 3.1E05 3/35  8.1E04 9.7E04 1.6E05 5/34  <0.001 ↓eHC  ns   ns  

S100A8 1.4E05 2.3E05 7.8E07 11/35  1.1E05 2.0E05 1.3E08 9/35  7.4E04 9.4E04 1.5E05 2/34  <0.00001 ↓eHC  ns   <0.01 ↑AD 

S100A8-Hyperox 1.0E05 1.6E05 2.5E05 2/35  1.1E05 1.8E05 3.3E05 5/35  7.7E04 9.5E04 1.5E05 3/34  <0.01 ↓eHC  ns   <0.01 ↑AD 

S100A8-SNO 1.1E05 1.6E05 2.7E05 2/35  1.3E05 2.8E05 6.0E07 12/35  7.4E04 9.4E04 1.4E05 0/34  <0.0001 ↓eHC  ns   <0.00001 ↑AD 

Sum_S100A8-ox 2.2E05 3.3E05 5.4E05 5/35  3.5E05 1.1E06 1.1E08 18/35  1.5E05 1.9E05 3.0E05 3/34  <0.001 ↓eHC  <0.01 ↑AD  <0.00001 ↑AD 

Sum_S100A8 4.1E05 6.8E05 9.4E07 14/35  5.8E05 1.1E08 2.208 24/35  2.3E05 2.9E05 4.6E05 5/34  <0.0001 ↓eHC  ns   <0.00001 ↑AD 

S100A7 1.4E05 2.0E05 1.2E07 10/35  1.1E05 1.9E05 9.2E06 9/35  9.0E04 1.5E05 3.5E07 11/34  ns   ns   ns  

S100A9S 1.7E05 4.0E05 4.4E08 17/35  2.0E05 9.3E07 2.2E08 20/35  8.8E04 1.5E05 5.9E07 15/34  <0.01 ↓eHC  ns   <0.001 ↑AD 

S100A9S-1P 1.4E05 1.9E05 5.2E07 9/35  1.2E05 3.0E05 9.3E07 13/35  7.7E04 9.7E04 1.6E05 4/34  <0.001 ↓eHC  ns   <0.01 ↑AD 

S100A9S-ox 1.7E05 4.7E07 2.1E08 19/35  1.2E05 3.0E05 1.1E08 14/35  8.1E04 1.1E05 1.7E07 10/34  <0.0001 ↓eHC  ns   <0.05 ↑AD 

S100A9S-1Pox  1.0E05 1.7E05 3.2E05 5/35  1.1E05 2.0E05 3.5E05 7/35  7.7E04 9.5E04 1.5E05 1/34  <0.001 ↓eHC  ns   <0.01 ↑AD 

Sum_S100A9S_and_S-1P 3.3E05 8.0E05 5.6E08 18/35  4.4E05 1.0E08 3.2E08 23/35  1.8E05 3.1E05 7.1E07 15/34  <0.01 ↓eHC  ns   <0.001 ↑AD 

Sum_S100A9S-1P_and_S-1Pox 2.9E05 5.4E05 1.5E08 14/35  3.9E05 4.8E07 1.0E08 20/35  1.5E05 1.9E05 3.2E05 4/34  <0.0001 ↓eHC  ns   <0.001 ↑AD 

Sum_S100A9S-ox_and_S-1Pox 3.3E05 7.1E07 2.6E08 19/35  2.5E05 6.1E05 1.5E08 15/35  1.6E05 2.1E05 2.9E07 10/34  <0.0001 ↓eHC  ns   <0.05 ↑AD 

Sum_S100A9S  7.1E07 3.0E08 7.6E08 32/35  1.1E08 2.0E08 3.5E08 33/35  3.5E05 6.2E05 9.6E07 16/34  <0.00001 ↓eHC  ns   <0.00001 ↑AD 

Sum_S100A9L-SSG 5.8E05 1.5E06 2.4E08 20/35  9.0E05 4.9E07 1.8E08 26/35  3.5E05 6.2E05 5.0E07 16/34  <0.05 ↓eHC  ns   <0.01 ↑AD 

Cystatin_A  1.7E08 3.3E08 5.2E08 33/35  8.8E07 1.5E08 2.6E08 32/35  4.0E07 6.5E07 1.6E08 29/35  <0.00001 ↓eHC  <0.001 ↓AD  <0.01 ↑AD 

Cyst_A-NAcetyl 2.4E07 5.9E07 1.1E08 29/35  1.8E06 2.2E07 3.6E07 26/35  1.7E05 1.1E07 2.4E07 23/35  <0.0001 ↓eHC  <0.001 ↓AD  ns  

Sum_cyst_A 2.1E08 3.9E08 5.6E08 34/35  9.4E07 1.7E08 3.0E08 32/35  4.7E07 7.9E07 1.9E08 30/34  <0.00001 ↓eHC  <0.001 ↓AD  <0.05 ↑AD 

Cystatin_B-SSG 4.3E07 7.2E07 1.3E08 29/35  2.1E07 4.1E07 1.2E08 30/35  1.1E07 1.9E07 3.1E07 27/34  <0.0001 ↓eHC  ns   <0.01 ↑AD 
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 aHC  AD  eHC  aHC vs eHC  aHC vs AD  eHC vs AD 
 XIC Peak Area F  XIC Peak Area F  XIC Peak Area F  

p-value 

ch
an

ge
  

p-value 

ch
an

ge
  

p-value 

ch
an

ge
 

Components 
25th 

perc 
median 

75th 

perc 
  25th 

perc 
median 

75th 

perc 
  25th 

perc 
median 

75th 

perc 
    

Cyst_B-SSC 1.5E05 1.5E07 4.1E07 18/35  2.6E05 1.5E07 2.8E07 21/35  1.1E05 4.0E06 1.3E07 18/34  ns   ns   <0.05 ↑AD 

Cyst_B-S-S_dimer 8.9E06 5.5E07 1.2E08 26/35  1.7E07 5.4E07 7.9E07 31/35  1.5E05 1.7E07 3.3E07 22/34  <0.01 ↓eHC  ns   <0.001 ↑AD 

Sum_cyst_B 7.5E07 1.5E08 3.0E08 30/35  4.5E07 1.1E08 2.4E08 33/35  1.6E07 4.5E07 7.3E07 27/34  <0.0001 ↓eHC  ns   <0.01 ↑AD 

Cystatin_C 1.6E05 3.8E05 6.8E07 16/35  1.2E05 1.8E05 3.2E05 6/35  8.1E04 9.7E04 2.4E05 6/34  <0.00001 ↓eHC  <0.01 ↓AD  ns  

Cystatin_D_R26des1-5 1.7E05 4.0E07 1.7E08 20/35  1.3E05 2.8E05 5.3E07 13/35  9.0E04 3.6E05 5.8E07 16/34  <0.05 ↓eHC  ns   ns  

Cystatin_S 1.6E05 4.0E05 1.4E08 17/35  1.2E05 1.9E05 3.2E05 5/35  8.1E04 1.2E05 2.1E07 9/34  <0.001 ↓eHC  <0.01 ↓AD  ns  

Cyst_S1 2.1E08 6.8E08 1.3E09 33/35  1.1E08 3.2E08 8.1E08 29/35  1.0E08 3.3E08 6.6E08 30/34  <0.05 ↓eHC  ns   ns  

Cyst_S2 3.6E07 2.3E08 4.0E08 31/35  2.2E05 8.0E07 2.6E08 20/35  3.4E07 8.4E07 2.1E08 26/34  <0.01 ↓eHC  <0.01 ↓AD  ns  

Cyst_SN 5.7E08 1.6E09 2.4E09 34/35  1.6E08 4.8E08 1.6E09 30/35  2.6E08 5.4E08 8.8E08 29/34  <0.001 ↓eHC  <0.05 ↓AD  ns  

Cyst_SA 2.5E05 2.0E08 4.3E08 24/35  1.2E05 2.1E05 5.9E05 8/35  7.7E04 9.7E04 2.4E05 7/34  <0.00001 ↓eHC  <0.01 ↓AD  ns  

Cyst_S1-ox  3.3E05 1.9E08 4.9E08 24/35  1.1E05 2.0E05 3.5E07 10/35  7.7E04 1.1E05 2.0E05 7/34  <0.00001 ↓eHC  <0.0001 ↓AD  ns  

Cyst_S2-ox 1.9E05 2.3E07 1.4E08 18/35  1.0E05 1.7E05 2.9E05 3/35  7.4E04 9.4E04 1.5E05 1/34  <0.00001 ↓eHC  <0.0001 ↓AD  <0.05 ↑AD 

Cyst_SN-ox  8.0E05 2.3E08 5.7E08 25/35  1.2E05 2.6E05 5.2E07 12/35  7.7E04 1.1E05 1.4E07 9/34  <0.00001 ↓eHC  <0.0001 ↓AD  <0.05 ↑AD 

Sum_cyst_S1  4.4E08 8.0E08 1.8E09 33/35  1.5E08 3.4E08 8.1E08 31/35  1.2E08 3.3E08 6.6E08 30/34  <0.001 ↓eHC  <0.01 ↓AD  ns  

Sum_cyst_S2  1.4E08 2.5E08 6.8E08 32/35  4.4E05 9.6E07 2.6E08 21/35  3.5E07 8.4E07 2.1E08 26/34  <0.0001 ↓eHC  <0.001 ↓AD  ns  

Sum_cyst_SN  8.1E08 1.9E09 2.8E09 34/35  1.7E08 4.8E08 1.6E09 32/35  2.6E08 5.4E08 8.8E08 31/34  <0.00001 ↓eHC  <0.01 ↓AD  ns  

Hst-1-1P 3.7E05 2.4E08 5.7E08 24/35  3.2E07 1.3E08 2.3E08 33/35  1.5E07 6.5E07 1.1E08 29/34  <0.01 ↓eHC  ns   <0.05 ↑AD 

Hst-1-0P 1.4E05 2.7E05 6.4E07 14/35  2.1E05 2.7E07 4.2E07 24/35  1.1E05 3.4E06 2.1E07 17/34  ns   ns   <0.05 ↑AD 

Sum_Hst-1 7.5E05 2.7E08 6.8E08 25/35  5.1E07 1.4E08 2.9E08 33/35  1.6E07 6.9E07 1.4E08 28/34  <0.01 ↓eHC  ns   <0.05 ↑AD 

Hst-3_1-24_Hst-5 1.9E08 4.4E08 1.1E09 30/35  1.8E05 9.2E07 1.5E08 20/35  9.6E04 7.9E06 9.1E07 17/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

Hst-3_1-25_Hst-6 1.7E05 3.5E07 2.1E08 18/35  1.2E05 2.0E05 2.3E06 8/35  9.1E04 1.5E05 3.9E07 10/34  <0.001 ↓eHC  <0.01 ↓AD  ns  

Hst-3 1.5E05 3.8E05 2.1E08 17/35  1.5E05 6.3E05 5.8E07 17/35  1.1E05 1.6E07 5.6E07 18/34  ns   ns   ns  

Sum_Hst-3 2.8E08 5.9E08 1.5E09 33/35  6.1E05 1.4E08 2.7E08 25/35  4.0E05 3.8E07 2.1E08 22/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  
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Tβ4 1.6E05 6.6E07 1.7E08 22/35  3.3E05 3.5E07 8.0E07 25/35  9.0E04 4.8E06 5.0E07 17/34  <0.001 ↓eHC  ns   <0.01 ↑AD 

α-defensin1 5.1E07 1.8E08 3.2E08 32/35  6.2E07 1.1E08 2.3E08 32/35  2.7E06 3.4E07 7.5E07 25/34  <0.0001 ↓eHC  ns   <0.0001 ↑AD 

α-defensin2 6.4E07 1.3E08 2.3E08 30/35  3.8E07 1.1E08 1.6E08 30/35  1.3E07 2.6E07 5.5E07 27/34  <0.0001 ↓eHC  ns   <0.001 ↑AD 

α-defensin3 2.5E05 4.1E07 1.3E08 24/35  4.6E05 5.4E07 1.0E08 25/35  1.3E05 2.9E06 1.9E07 14/34  <0.001 ↓eHC  ns   <0.0001 ↑AD 

α-defensin4 1.6E05 3.1E07 6.1E07 20/35  2.1E05 1.3E07 3.4E07 18/35  8.3E04 1.2E05 8.4E06 11/34  <0.0001 ↓eHC  ns   <0.001 ↑AD 

Sum_ α -defensins 2.0E08 4.8E08 8.5E08 34/35  1.2E08 2.9E08 4.7E08 34/35  2.4E07 6.5E07 1.8E08 27/34  <0.00001 ↓eHC  ns   <0.0001 ↑AD 

PRP-1-2P 6.7E09 1.0E10 2.0E10 35/35  1.4E09 3.2E09 5.6E09 34/35  1.1E09 2.5E09 4.6E09 33/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

PRP-1-1P 6.0E08 1.3E09 2.1E09 34/35  1.6E08 3.6E08 7.5E08 34/35  8.0E07 2.9E08 5.5E08 31/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

PRP-1-0P 1.4E05 1.1E07 1.1E08 17/35  1.2E05 1.9E05 4.4E05 7/35  9.4E04 7.4E06 3.8E07 17/34  ns   <0.05 ↓AD  ns  

PRP-1-3P 6.4E07 2.2E08 3.4E08 33/35  1.2E05 2.1E05 5.9E05 8/35  1.2E05 4.0E05 4.0E07 15/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

Sum_PRP-1 8.2E09 1.2E10 2.3E10 35/35  1.8E09 3.7E09 6.1E09 35/35  1.3E09 2.9E09 5.2E09 33/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

PRP-3-2P 1.8E09 3.4E09 7.6E09 35/35  5.2E08 9.2E08 2.0E09 35/35  2.9E08 8.0E08 1.3E09 33/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

PRP-3-1P 2.5E08 5.2E08 8.9E08 35/35  1.1E08 1.5E08 2.9E08 35/35  3.7E07 1.5E08 1.9E08 31/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

PRP-3-0P 1.1E05 1.9E05 3.0E07 12/35  1.3E05 2.1E05 9.9E06 10/35  8.8E04 1.3E05 2.3E06 9/34  <0.05 ↓eHC  ns   ns  

PRP-3-2P_desR106 1.2E08 2.6E08 8.4E08 30/35  6.6E07 1.4E08 2.5E08 31/35  2.6E07 2.0E08 3.2E08 27/34  ns   <0.01 ↓AD  ns  

Sum_PRP-3 2.5E09 4.7E09 9.6E09 35/35  8.2E08 1.4E09 2.4E09 35/35  5.8E08 1.1E09 1.8E09 33/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

P-C_peptide 1.1E09 2.3E09 4.3E09 35/35  4.7E08 8.4E08 1.3E09 34/35  2.0E08 4.9E08 8.2E08 34/35  <0.00001 ↓eHC  <0.0001 ↓AD  <0.01 ↑AD 

Statherin-2P 9.7E08 1.6E09 2.7E09 35/35  3.9E08 6.5E08 1.1E09 35/35  2.5E08 4.5E08 6.0E08 33/34  <0.00001 ↓eHC  <0.001 ↓AD  <0.05 ↑AD 

Stath-1P 3.3E05 3.0E07 4.5E07 25/35  4.4E06 1.3E07 3.2E07 27/35  2.8E05 8.5E06 1.5E07 25/35  <0.01 ↓eHC  ns   ns  

Stath_des-F43  9.6E07 1.9E08 4.2E08 34/35  6.5E07 1.1E08 2.1E08 34/35  3.6E07 7.9E07 1.7E08 33/34  <0.01 ↓eHC  ns   ns  

Stath_desT42F43 2.7E07 5.5E07 1.1E08 34/35  1.3E07 2.5E07 5.3E07 33/35  9.5E06 1.8E07 4.0E07 30/34  <0.001 ↓eHC  <0.01 ↓AD  ns  

Stath_desD1 4.8E07 9.7E07 1.5E08 35/35  2.9E05 1.9E07 6.1E07 24/35  9.7E06 2.9E07 7.0E07 32/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

Stath_des1-9  3.4E07 7.8E07 1.5E08 30/35  4.6E06 5.8E07 8.7E07 26/35  2.8E05 1.8E07 3.4E07 24/34  <0.0001 ↓eHC  ns   <0.01 ↑AD 
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Stath_des1-10  2.7E07 5.0E07 8.8E07 32/35  4.9E05 2.9E07 4.4E07 25/35  7.2E06 1.6E07 3.0E07 27/34  <0.00001 ↓eHC  <0.01 ↓AD  ns  

Stath_des1-13  1.5E07 3.5E07 5.9E07 33/35  1.3E05 1.8E07 2.7E07 23/35  9.3E04 3.5E05 1.4E07 16/34  <0.00001 ↓eHC  <0.001 ↓AD  <0.01 ↑AD 

Sum_statherin 1.5E09 2.6E09 3.7E09 35/35  5.6E08 1.0E09 1.7E09 35/35  4.3E08 7.1E08 9.6E08 34/34  <0.00001 ↓eHC  <0.001 ↓AD  <0.05 ↑AD 

P-B_peptide 1.4E09 3.0E09 3.9E09 35/35  3.7E08 5.5E08 9.8E08 35/35  3.0E08 5.0E08 9.8E08 33/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

P-B_des1-5 6.8E07 1.3E08 4.4E08 32/35  2.2E07 4.5E07 9.8E07 34/35  2.8E07 5.8E07 1.6E08 34/34  <0.01 ↓eHC  <0.001 ↓AD  ns  

P-B_des1-7 3.0E08 4.8E08 7.0E08 34/35  4.9E07 9.1E07 1.4E08 34/35  4.2E07 7.1E07 1.2E08 34/34  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

P-B_des1-4 5.9E07 1.1E08 2.7E08 30/35  4.8E05 3.8E07 8.6E07 25/35  2.2E07 5.1E07 1.0E08 30/34  <0.01 ↓eHC  <0.001 ↓AD  ns  

P-B_des1-12 5.0E07 9.4E07 1.7E08 34/35  2.3E07 5.1E07 8.0E07 34/35  2.3E07 5.6E07 8.7E07 31/34  <0.05 ↓eHC  <0.01 ↓AD  ns  

Sum_P-B_peptide 2.2E09 4.2E09 5.2E09 35/35  5.7E08 9.4E08 1.4E09 35/35  4.8E08 8.3E08 1.2E09 35/35  <0.00001 ↓eHC  <0.00001 ↓AD  ns  

SLPI 1.1E05 1.6E05 2.7E05 5/35  1.4E05 3.2E05 1.6E07 14/35  8.3E04 1.9E05 8.7E06 14/34  ns   ns   ns  
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2. Correlated proteins/peptides within groups 

A diagram of correlated proteins/peptides within each group was obtained by MDS applied 

to Kendall correlations (Figure 2.3). In correlation-MDS diagrams, each component is 

surrounded by components with correlated expressions, so that clusters represent groups of 

correlated proteins/peptides. To facilitate the understanding of MDS diagrams, the 76 

components were subdivided into 13 categories based on their structural/functional 

similitudes and secretory origin. The most compact cluster, in all groups, was that of cystatins 

A and B (category 5 in Figure 2.3). Less compact clusters were formed by histatins (category 

7), α-defensins (category 9), aPRPs (category 10), statherin family (category 11) and P-B 

peptide family (category 12), without appreciable differences between groups. Conversely, 

differences were found in the degree of clustering of three categories: category 2, that included 

S100A8 and its proteoforms, and that was relatively more compact in aHC and eHC that in 

AD; category 4, that included S100A9 and its proteoforms, and that was relatively more 

compact in eHC that in aHC and AD; category 6, that included cystatins C, D and S, and that 

was relatively more compact in eHC and AD than in aHC. Other categories (1, 3, 8 and 13) 

were not compared as these were represented by single proteins/peptides (S100A12, 

S100A7D27, Tβ4 and SLPI, respectively). In addition to the relationships between 

components of single categories, a strong proximity between categories 2 and 4, including 

S100A8 and S100A9 peptides, respectively, was present in eHC. 

3. Random forest classification 

RF was applied to a subset of components selected by the Boruta method (Figure S2.2). The 

number of selected components varied in the three analyses. They were 47 for aHC-eHC, 22 

for eHC-AD, and 38 for aHC-eHC-AD. Confusion matrices and sensitivity/specificity of 

classifications are shown in Figure 2.4 (panel A). Classification of aHC-eHC samples showed 

the highest accuracy (97%), followed by that of aHC-eHC-AD (82.7%) and eHC-AD (79.8%). 
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It should be noted that these findings were validated by 'out of bag' samples, a method that 

consists in creating separate sets of training and test samples, composed by 72% and 36% of 

the entire set of data, respectively. According to MDG scores, the most important components 

for the classification of aHC-eHC samples were the des1-7 fragment of P-B peptide and 

aPRPs, in particular PRP1 proteoforms. Differently from these, the most important 

components for the classification of eHC-AD samples were all S100A8 proteoforms, in 

particular the oxidized and nitrosylated forms, -defensins, in particular -def-3, and all 

S100A9 proteoforms. The classification of samples mixing the three groups together (aHC-

eHC-AD) shared the components already identified in the previous two analyses. The 20 

components with the highest MDG score of each analysis are shown in Table 2.4 (the limit of 

20 components was chosen because of the different number of components preliminary 

selected by the Boruta method). MDG scores were in close agreement with the Boruta 

selection. However, both MDG and Boruta scores were not consistent with Mann-Whitney 

tests. For example, in the classification of eHC-AD mixed samples, PRP1-2P was the 8th most 

'important' component in the MDG ranking and the 10th in the Boruta ranking, but the same 

protein did not appear to be differentially expressed by the Mann-Whitney test. This apparent 

contrast represents an essential difference between multivariate RF classification and 

univariate comparisons and will be discussed in detail in the next section. Diagrams of RF 

classifications were obtained by MDS, using the proximity between each pair of samples, that 

is the normalized frequency with which two samples occupy the same terminal node through 

one tree, averaged for all trees (Figure 2.4, panel B). RF classification of aHC-eHC-AD mixed 

samples was also shown by HCA (Figure 2.5), using the proximity values as distance and the 

Ward’s agglomerative criterion. The HCA dendrogram shows three main clusters which 

represent the three groups of subjects with a distribution comparable to that shown by the 

confusion matrix. 
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Fig.2.3: MDS diagrams of Kendall correlations between components. To facilitate the 

understanding of MDS diagrams, the 76 components are grouped into different categories, 

numerically and color encoded, based on their structural/functional similitudes and secretory 

origin. The degree of clustering of points accounts for the degree of proteins/peptides 

correlation. Percent values indicate the percent of information contained in 2D MDS 

diagrams, relative to all the information contained in the whole multi-dimensional structure. 
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Fig.2.4: RF applied to the three mixed data sets. In panel A the confusion matrices of RF 

classifications, validated by out-of-bag samples. Matrix rows represent the actual classes, 

while columns represent the predicted classes. Marginal columns show the frequency of false 

negatives, while marginal rows show the frequency of false positives. In panel B the MDS 

diagrams showing the relationships among subjects, using the proximity values calculated by 

RF. Each group is delimited by a dispersion ellipse with a confidence of 1.6 standard 

deviations. Percent values indicate the percent of information contained in 2D MDS diagrams, 

relative to all the information contained in the whole multi-dimensional structure. 
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Table 2.4. Mean decrease of the Gini (MDG) scores of the 20 most important proteins/peptides 

(or their sum, generically indicated as components) identified by RF. 

 

aHC-eHC eHC-AD aHC-eHC-AD 

Component MDG Component MDG Component MDG 

P-B_des1-7 11.8

2 

Sum_S100A8 5.92 P-B_des1-7 14.6

0 PRP-1-2P 4.29 α-defensin3 4.14 Sum_S100A8 5.17 

Sum_PRP-1 3.70 Sum_S100A8-ox 3.92 PRP-1-3P 4.93 

Hst-3_1-24_(Hst-5) 1.19 Sum_S100A9(S) 2.81 Sum_PRP-1 3.56 

Sum_P-B_peptide 1.10 S100A8-SNO 2.01 α-defensin3 3.37 

Sum_S100A9(S) 1.00 Sum_S100A9(S)-1P_and_(S)-1Pox 1.80 Sum_S100A8-ox 3.08 

P-B_peptide 0.94 Stath_des-F43 1.74 PRP-1-2P 3.03 

PRP-3-2P 0.91 PRP-1-2P 1.50 Sum_S100A9(S) 2.94 

Cyst_S2-ox 0.87 Stath_des1-13 1.17 S100A8-SNO 1.81 

Cyst_SN-ox 0.72 Cystatin_A 1.14 Sum_S100A9(S)-1P_and_(S)-1Pox 1.80 

PRP-1-3P 0.51 Stath_des1-9 1.08 Sum_α-defensins 1.64 

Sum_cyst_SN 0.50 Sum_α-defensins 1.02 Hst-3_1-24_(Hst-5) 1.48 

Sum_α-defensins 0.44 Cyst_B-S-S_dimer 0.99 α-defensin1 1.44 

PRP-3-1P 0.43 α-defensin4 0.97 P-B_peptide 1.36 

α-defensin4 0.42 α-defensin1 0.86 Sum_P-B_peptide 1.23 

Cyst_S1-ox 0.40 Sum_S100A9(S)_and_(S)-1P 0.74 Sum_cyst_SN 1.23 

Sum_PRP-3 0.35 α-defensin2 0.68 α-defensin2 1.06 

Cystatin_A 0.31 S100A9(S)-1P 0.59 Cyst_B-S-S_dimer 1.06 

P-C_peptide 0.30 Tβ4 0.54 α-defensin4 1.05 

Sum_Hst-3 0.30 S100A8 0.37 Stath_des1-13 1.02 
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Fig.2.5: Hierarchical clustering of subjects using RF proximity and the Ward clustering 

criterion. Pie charts represent the relative frequency of aHC, eHC and AD in each of the three 

main clusters. 
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DISCUSSION 

 

The results of this statistical study show different protein profiles in the acid soluble fraction 

of saliva in eHC, aHC and AD groups. In particular, eHC showed a general down-regulation 

of peptides and proteins with respect to both aHC subjects and AD patients, and the number 

and magnitude of significant changes found in the comparison between eHC and aHC was 

greater than that found in the comparison between eHC and AD. Indeed, almost all the 

analyzed components showed significant lower levels in elderly subjects than in adult ones. 

These results are conflicting with respect to the measured TPC, which showed the highest 

value in eHC group. Probably this incongruency is due to a higher concentration, in elderly 

subjects, of proteins that influenced the TPC but that have not been considered for the 

purposes of the present study, as N-glycoproteins151, amylase and IgA145. Indeed, other 

researchers observed different ageing-related trends for diverse salivary proteins, highlighting 

the increasing in some and the decreasing in others, particularly mucins, peroxidase, 

lactoferrin, transferrin and reduced and oxidized glutathion138,145. It was suggested that an age-

dependence influences the secretion of specific components, whereas, in others, the 

concentration effect is mainly driven by the decreased salivary output. Moreover, these 

findings, as well as our findings agreed with age-related histological and physiological 

changes in the salivary glands, indeed, the volume of fat and fibrovascular tissue increases in 

the parotid and submandibular glands in elderly individuals152, as well as, the proportional 

volume of acinar cell secretion was reduced in elderly individuals153, being considered as one 

of the major causes of dry mouth154. All these histological changes can result in overall 

salivary gland hypofunction153.  

When AD salivary protein profile was compared with that one of eHC subjects, we obtained 

a confirmation of the results obtained in our previous study146, with an up-regulation of 

proteins and peptides either specific of the oral cavity or also expressed in other body regions. 



93 
 

Indeed, AD subjects exhibited high abundance of statherin and Hst-1 that are specifically 

involved in the wellness of the oral cavity114,119, as well as proteins acting as ROS/RNS 

scavengers and with a neuroprotective role, such as S100A8, A9 and their glutathionylated 

and nitrosylated proteoforms155, cystatin B and glutathionylated and dimeric derivatives156; 

proteins with antimicrobial activity were more abundant in AD group, such as α-defensins 1, 

2, 3 and 4157, cystatins A and B107,158,  Hst-1116,  statherin119 and Tβ4104. Moreover, also the 

oxidized forms of S-type cystatins S2 and SN, which were not included in our previous 

study146, resulted more abundant in AD than in eHC subjects, suggesting a possible role of 

these proteins as oral ROS scavengers like S100A8, S100A9 and cystatin B, and, in any case, 

the existence of oxidative state in oral cavity of AD patients. 

The comparison between salivary protein profiles of AD and aHC subjects highlighted a 

down-regulation of a series of proteins and peptides in AD similar to that one observed in the 

comparison between elderly and adult subjects, they were Hst-5 and 6, P-B and its fragments, 

some fragments of statherin (desTF, desD1, des1-10), cystatin C, N-acetylated cystatin A, S-

type cystatins with the exception of oxidized form of S2 and SN, the several proteoforms of 

aPRP family except P-C peptide and finally Hst-5 and 6, which agreed with the study of 

Johnson and colleagues137. These results suggested that the lower levels of these 

proteins/peptides in AD and eHC subjects with respect to aHC ones may be related to 

physiological aging variations145,153.  

P-C peptide, statherin and its fragment des1-13, oxidized cystatins S2 and SN, and unmodified 

cystatin A showed a different trend being less abundant in AD patients than aHC subjects, but 

at the same time more abundant with respect to eHC. Moreover, the total S100A8 oxidized 

proteoforms resulted up-regulated in AD subjects with respect to both control groups. These 

differences appeared to be specifically related to the health status, and the highest levels of 

oxidative forms of S100A8 in AD subjects suggested the existence of an oxidative stress 
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condition. Indeed, oxidative modifications of proteins are common in neurological disorders 

since the extracellular milieu is strongly oxidizing as a result of generation of ROS and 

RNS91,92. In this context, S100A8 can play an important role as ROS/RNS scavenger, being 

particularly sensitive to oxidative cross-linking and massive oxidation and it shows capacity 

to reduce oxidative damage97.  

Important differences among the salivary protein profiles in elderly, adult controls and AD 

subjects have been highlighted by the MDS correlation analysis, that showed a correlation of 

proteins and peptides with related structures, functions, or origin, but not all at the same level 

and not in all groups. The adult controls and AD patients exhibited a wide unclustered 

distribution of the analyzed components, even if proteins and peptides secreted from salivary 

glands (statherin, P-B peptide, aPRPs, histatins, cystatins S-type, C and D)54 showed to cluster 

together with respect to those originated from leucocytes, epithelial cells, and plasmatic 

exudate (α-defensins, Tβ4, S100A proteins, cystatin A and B)53,83,159. The proteins/peptides 

of eHC subjects, instead, showed a higher level of correlation compared to both AD patients 

and adult controls. Correlation of specific proteins have been observed, cystatins A and B, 

particularly, were strongly clustered in all the three groups. This result was expected since 

they are proteins with same 3D structure, 80% sequence homology, and 52% identity160. They 

constitute the type I cystatin subfamily, also called “stefins”, they are cathepsin inhibitors, 

and play an important role as regulation factors of inflammation109 and in the innate immune 

response107. Cystatin A is an inhibitor of cathepsins B, L and H in epidermis, lymphoid tissue, 

and oral mucosa161. Cystatin B, expressed in a wide range of cells, is the main inhibitor of 

cathepsin B, and may exert additional functions in maintenance of cell homeostasis, reduction 

of oxidative stress112, prevention of apoptosis113, and neuronal protective role109. Interestingly, 

both cystatins A and B have been reported to co-localize in amyloid plaques of various 

origins76,108, and they are considered able to bind Aβ and interrupt amyloid aggregation in 
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cells77. The constant co-expression of cystatin A and B, independently from age, suggested 

their protective role with respect to amyloid fibrilization, that probably is enhanced during 

AD occurrence, hypothesis in accordance with the increased abundance of cystatin A and B 

in the patients revealed by our previous study146 and confirmed in the present.  

In AD patients a correlation between α-defensins 1-4 and Tβ4 was observed, which was less 

strong in eHC and absent in aHC. They are peptides with antimicrobial and anti-inflammatory 

activities and immunological effects104,162 and their correlated up-regulation in saliva of AD 

patients may reflects the same increase in the brain. Furthermore, this result is in strong 

accordance with the hypothesis that the microbiota-induced neuronal inflammation may 

trigger Aβ deposition and AD development17. As consequence, the neuropathological 

alterations might be associated with abnormal expression and/or regulation of antimicrobial 

and anti-inflammatory peptides such as defensins163. Tβ4 is a moonlighting peptide widely 

expressed in human tissues, where it exerts multiple biological functions105, among them 

neuroprotective and neuro-regenerative effects73,106. Indeed, Tβ4 was found up-regulated in 

reactive microglia of patients with AD, where it suppresses the pro-inflammatory signaling73. 

S100A8 proteoforms were strongly clustered in the two control groups and correlated in both 

with S100A12 protein, and, only in elderly subjects, also with S100A9 proteoforms. The 

results suggested that the clustering of these S100A proteins may be related to two aspects: i) 

they are all involved in the modulation of the inflammatory processes97,164,165; ii) their 

participation in the inflammation appeared age-linked, since this correlation was not observed 

in AD patients, but was significantly downregulated in the elderly subjects. 

S100A12 is a potent chemoattractant for monocytic cells166, and it activates various cell types 

by binding the receptor for advanced glycosylation end products (RAGE), inducing 

expression of adhesion molecules and pro-inflammatory cytokines167. S100A9 can inhibit 

leukocyte recruitment, and its oxidation ended the chemo-repulsive effect on peripheral 
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neutrophils168, moreover, S100A9 was considered as a molecular switch for oxidative control 

of inflammation regulated through its own methionine oxidation. As well as S100A9, also 

S100A8 may play a dual role in inflammation, and their pro-inflammatory activity can switch 

to anti-inflammatory probably depending on the local microenvironment, the oxidative 

modifications of the proteins and the binding with metal ions85. In particular, the S100A8 

exerts anti-inflammatory activity when modified by nitrosylation on its cysteine residue96. 

S100A9 and S100A8 are both ROS/RNS scavenger and play protective roles against oxidative 

stress in several tissues155. Moreover, they can undergo to several oxidative modifications on 

Cys, Met, and Trp residues, which are all detected in our samples. The strong correlation 

between all the proteoforms, unmodified and oxidized, of S100A8 and S100A9 in elderly 

subjects suggested an enhanced request of protection from oxidative damages linked to the 

aging164,169.  

It is noteworthy that the differences in the correlation of S100A8 and S100A9 proteoforms 

are also important for the classification of the groups based on MDG scores. Indeed, among 

the good candidates for the classification of AD subjects with respect to the eHCs, it is 

important to cite all the analyzed proteoforms of S100A9 and S100A8, in particular the 

nitrosylated S100A8, cystatins A and B, Tβ4 and the α-defensins, mainly the α-defensin 3. 

In general, the outcomes obtained by the differential expression and correlation analyses were 

in accordance with the RF classification of AD vs eHC subjects and of eHC vs aHC subjects, 

with some exceptions. It is relevant and in accordance with the Mann-Whitney test that the 

most discriminant components between elderly and adult subjects were peptides and proteins 

of salivary gland origin54, such as the fragment of the P-B peptide, all the proteoforms of 

PRP1 and Hst-5. 

For the classification, RF was preferred over other methods because of several reason, as (a) 

it is not conditioned by the data distribution; (b) it has a low risk of overfitting; (c) it does not 
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require supplementary samples for the validation of results, as each tree is built up omitting 

nearly one-third of the samples that are subsequently used to test the misclassification rate; 

(d) it provides a measure of the relative importance of each feature in the classification of 

samples (MDG); (e) it provides an estimation of the proximity (i.e., similarity) between each 

two samples that opens the possibility of applying MDS and HCA to obtain a visual 

representation of the classification. The 79.8% accuracy of the classification of eHC-AD 

mixed samples was relatively higher than that reported for clinical diagnostic methods170, but 

lower than that obtained using ultrasensitive assays of biomarkers, namely A and tau 

proteins, in plasma171, and in salivary samples172. Nevertheless, present data may be of interest 

in view of the fact that they were obtained from a panel of proteins/peptides present in saliva, 

not associated with classical AD markers, that were recently related to the disease146. In 

addition, the use of MDS and HCA diagrams provides the possibility to correlate the position 

of misclassified subjects with their specific clinical profiles (i.e., grading of the disease, 

therapy, presence of comorbidities, etc.). This will be the subject of future investigations.  

Apparently surprising is the fact that some proteins considered important for classification, 

according to Boruta and MDG scores, did not prove to vary significantly by Mann-Whitney 

tests (e.g., Statherin desF43 and PRP-1-2P for eHC-AD samples), and viceversa proteins that 

varied significantly by Mann-Whitney tests were not considered important for classification 

(e.g., Statherin des1-13 and Cystatin C for aHC-eHC samples). This apparent paradox is due 

to the modus operandi of decision trees, where the same variable can be split several times in 

a tree, at different threshold levels. As RF is an ensemble of decision trees, this fact has major 

implications about the meaning of the variable importance. Indeed, because of the use of 

multiple thresholds, it is possible that variables important for classification have nearly 

equivalent average values or average ranks in different groups, thus resulting not statistically 

significant by univariate comparisons. Conversely, variables not useful for classification may 
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turn out to be significantly different. Because of this behavior, despite the good performance 

shown by RF classification of aHC, eHC and AD subjects, the machinery of decision trees 

prevents the consideration of proteins important for classification as candidate markers of AD. 

For diagnostic purposes, the panel of differentially expressed proteins identified by Mann-

Whitney tests appeared to provide more reliable indications. 

CONCLUSIONS 

The results obtained in the present section, confirmed those of our previous study146 about the 

individuation of potential biomarkers candidates of AD in peptides and proteins involved 

principally in defense mechanisms of the innate immune system, in inflammation regulation 

and in protection against oxidative stress. Moreover, the present study added new interesting 

perspectives, firstly demonstrating that salivary protein profile strongly changes its 

composition, mainly at quantitative point of view, in relation to the aging, and that variation 

involved almost all the analyzed peptides and proteins and their proteoforms. It is to underline 

that age-related variation starts since pre-natal age, as demonstrated in previous studies132–136 

and continues with the growth until the old age137,142,143,145,153,173, suggesting that saliva is a 

dynamic biofluid that adapt itself to the physiological transformations of the organism. These 

outcomes suggested the importance of the choice based on the age of the subjects enrolled for 

proteomic studies, particularly for biomarker disease investigations. From this point of view, 

the mainly fascinating results were produced by RF analysis, that demonstrated the feasibility 

of the salivary proteome to discriminate groups of subjects who are different in their age and 

health status, and thus patients with AD with respect to healthy controls. This outcome 

enforces the idea to use the salivary protein profile for diagnostic purpose and opens viable 

ways towards a technical verification of the possible biomarker candidates individuated in 

this study, particularly S100A8-SNO, S100A9 proteoforms and α-defensin 3. 
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PART II SUPPLEMENTARY SECTION 
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Table S2.1: UniProt-KB code, experimental and theoretical average mass values (Mav) ± standard deviations (SD), elution times of proteins and 

peptides analyzed, m/z values and charge of the multiply-charged ions selected for XIC search in HPLC-low resolution MS and their PTMs.  

Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

Acid Proline-Rich Proteins 

PRP-1 2P 

(P02810) 
22.2 

15515 ± 2 

(15514-15515) 

1293.9(+12), 1194.4(+13), 

1035.3(+15), 970.7(+16), 

913.6(+17) 

N-Term(Gln->pyro-Glu), S8(Phospho), 

S22(Phospho) 

PRP-1 1P 22.9 
15435 ± 2 

(15434-15435) 

1287.2(+12), 1188.3(+13), 
1030.0(+15), 965.7(+16), 

908.9(+17) 

N-Term(Gln->pyro-Glu),  

S8 or S22(Phospho) 

PRP-1 nonphos. 23.2 
15355 ± 2 

(15354-15355) 

1280.5(+12), 1182.1(+13), 

1024.6(+15), 960.7(+16), 
904.2(+17) 

N-Term(Gln->pyro-Glu) 

PRP-1 3P 21.6 
15595 ± 2 

(15594-15595) 

1418.7(+11), 1300.5(+12), 

1200.6(+13), 1040.6(+15), 
975.7(+16) 

N-Term(Gln->pyro-Glu) 

S8, S17, S22 (Phospho) 

PRP-3 2P 
(P02810) 

22.8 
11161 ± 1 
(11161-11162) 

1595.5(+7), 1396.2(+8), 

1015.7(+11), 931.1(+12), 

859.6(+13) 

N-Term(Gln->pyro-Glu) 

S8, S22 (Phospho) 

Fragment 1-106 of PRP-1 

PRP-3 1P 23.4 
11081 ± 1 

(11081-11082) 

1584.1(+7), 1386.2(+8), 

1008.4(+11), 924.5(+12), 

853.4(+13) 

N-Term(Gln->pyro-Glu) 

S8 or S22 (Phospho) 

PRP-3 nonphos. 23.8 
11001 ± 1 
(11001-11002) 

1376.2(+8), 1101.2(+10), 
917.8(+12) 786.8(+14) 

N-Term(Gln->pyro-Glu) 

PRP-3 2P desR106 22.8 
11004 ± 1 

(11005-11006) 

1573.2(+7), 1223.8(+9), 

1001.5(+11), 847.6(+13) 

N-Term(Gln->pyro-Glu) 

S8, S22 (Phospho), R106 removal 

P-C peptide 
(P02810) 

15.0 
4370.9 ± 0.4 
(4370.8) 

1457.9(+3), 1093.7(+4) Fragment 107-150 of PRP-1 

Statherin 

Statherin 

(P02808) 
29.2 

5380.0 ± 0.5 

(5379.7) 
1794.2(+3), 1345.9(+4), 1076.9(+5) S2(Phospho); S3(Phospho) 
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Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

Statherin 1P 28.9 
5299.9 ± 0.5 
(5299.7) 

1767.6(+3), 1325.9(+4), 1060.9(+5) S3(Phospho) 

Statherin SV-1 

(des-F43) 
27.8 

5232.4 ± 0.5 

(5232.5) 
1745.1(+3), 1309.1(+4), 1047.5(+5) C-Term. F43removal 

Statherin desT42-
F43 

27.9 
5131.2 ± 0.5 
(5131.4) 

1711.4(+3), 1283.8(+4), 1027.2(+5) C-Term. T42-F43removal 

Statherin desD1 28.7 
5264.7 ± 0.5 

(5264.6) 
1755.9(+3), 1317.2(+4), 1053.9(+5) N-Term. D1removal 

Statherin des1-9 28.5 
4127.9 ± 0.4 
(4127.6) 

1376.9(+3), 1032.9(+4) N-Term. 1-9 residue removal 

Statherin des1-10 28.0 
3971.3 ± 0.4 

(3971.4) 
1986.7(+2), 1324.8(+3) N-Term. 1-10 residue removal 

Statherin des1-13 27.5 
3645.2 ± 0.4 
(3645.0) 

1823.6(+2), 1216.1(+3) N-Term. 1-12 residue removal 

P-B peptide 

P-B peptide 

(P02814) 
30.0 

5792.9 ± 0.5 

(5792.7) 
1932.0(+3), 1449.2(+4), 1159.6(+5) N-Term(Gln->pyro-Glu) 

P-B des1-4 30.0 5371.0 ± 0.5 (5371.3) 1791.4(+3), 1343.8(+4), 1075.3(+5) N-Term. 1-4 residue removal 

P-B des1-5 30.3 5215.0 ± 0.5 (5215.1) 1739.4(+3), 1304.8(+4), 1044.0(+5) N-Term. 1-5 residue removal 

P-B des1-7 30.1 5060.1 ± 0.5 (5060.9) 1688.0(+3), 1266.2(+4), 1013.2(+5) N-Term. 1-7 residue removal 

P-B des1-12 27.5 4549.0 ± 0.5 (4549.3) 1517.5(+3), 1138.3(+4) N-Term. 1-12 residue removal 

Histatins 

Hst-1 (P15515) 21.9 4928.2 ± 0.5 (4928.2) 1644.1(+3), 1233.5(+4) S2(Phospho) 

Hst-1 nonphos. 22.0 
4848.2 ± 0.5 

(4848.2) 
1617.4(+3), 1213.5(+4)  

Hst-3 (P15516) 17.7 
4062.2 ± 0.4 
(4062.4) 

1355.1(+3), 1016.6(+4)  

Hst-6 14.3 
3192.4 ± 0.3 

(3192.5) 
1065.1(+3), 799.1(+4) Fragment 1-25 of Hst-3 

Hst-5 14.6 
3036.5 ± 0.3 
(3036.3) 

1013.2(+3), 760.1(+4) Fragment 1-24 of Hst-3 
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Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

Cystatins 

A (P01040) 31.8 
11005.354 ± 2 

(11006.5) 

1001.59(+11), 1101.59(+10), 
1223.94(+9), 1376.81(+8), 

1573.36(+7), 1835.42(+6) 

 

A acetyl 33 
11047.43 ± 2 

(11048.5) 

1005.41(+11), 1105.85(+10), 
1228.61(+9), 1382.06(+8), 

1579.36(+7), 1842.42(+6) 

N-Term.-α-Acetylation 

B-SSG(P04080) 32.8 
11485.8 ± 2 

(11486.9) 

1915.5(+6), 1642.0(+7), 1436.9(+8), 

1277.3(+9), 1149.7(+10), 
1045.3(+11) 

C3Glutathionylation 

B-SSC 32.9 
11299.8 ± 2 
(11300.7) 

1884.5(+6), 1615.4(+7), 1413.6(+8), 

1256.7(+9), 1131.1(+10), 

1028.6(+11) 

C3Cysteinylation 

B S-S dimer 34.3 
22358 ± 2  
(22361.3) 

1862.4(+12), 1721.1(+13), 

1598.2(+14), 1491.8(+15), 

1398.6(+16), 1316.4(+17), 
1243.3(+18), 1177.9(+19), 

1119.1(+20), 1065.8(+21), 

1017.4(+22), 973.2(+23) 

1 interchain disulfide bridge 

C (P01034) 35.1 
13342 ± 2  

(13343.1) 

1483.57(+9), 1335.32(+10), 
1214.02(+11), 1112.93(+12), 

1027.40(+13) 

2 intrachain disulfide bridges 

D-R26 des1-5 

(P28325) 
37.7 

13517 ± 2 

(13517.3) 

1690.70(+8), 1502.90(+9), 1352.70 

(+10), 1229.80 (+11), 1127.4 (+12), 
1040.40 (+13)   

N-Term(Gln->pyro-Glu) after 1-5 

residue removal,  
2 intrachain disulfide bridges  

Cystatins S-type 

S  35.3 14186 ± 2 (14185) 

1774.3(+8), 1577.2(+9), 

1419.6(+10), 1290.6(+11), 
1183.2(+12), 1092.2(+13), 

1014.3(+14) 

2 intrachain disulfide bridges 

S1 (P01036) 35.3 
14266 ± 2 
(14265) 

1784.3(+8), 1586.1(+9), 
1427.6(+10), 1297.9(+11), 

S3(Phospo) on cystatin S,  
2 intrachain disulfide bridges 
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Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

1189.8(+12), 1098.4(+13), 
1020.0(+14) 

S1 ox 35.3 
14281 ± 2 
(14280.7) 

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

(+10), 1299.50 (+11), 1191.30 

(+12), 1099.70 (+13) 

S3(Phospo), W23 

oxidation, 2 intrachain disulfide  

bridges 

S2  35.3 
14346 ± 2 

(14345) 

1794.3(+8), 1595.0(+9), 

1435.6(+10), 1305.2(+11), 

1196.5(+12), 1104.5(+13), 

1025.7(+14) 

S1, S3 (di-Phospho) on cystatin S,  

2 intrachain disulfide bridges 

S2 ox 35.3 
14360 ± 2 
(14361) 

1596.64(+9), 1437.08(+10), 

1306.52(+11), 1197.73(+12), 

1105.68(+13) 

S1, S3(di-Phospho) on cystatin S,  

2 intrachain disulfide bridges, W23 

oxidation  

SN (P01037) 34.6 
14312 ± 2 

(14313) 

1790.0(+8), 1591.2(+9), 
1432.2(+10), 1302.1(+11), 

1193.7(+12), 1101.9(+13), 

1023.3(+14) 

2 intrachain disulfide bridges 

SN ox 34.6 
14328 ± 2  

(14328) 

1792.30(+8), 1593.20 (+9), 1434.00 

(+10), 1303.30 (+11), 1195.20 

(+12), 1103.30 (+13) 

2 intrachain disulfide bridges, 

W23oxidation 

SA (P09228) 36.8 
14347 ± 2 

(14346) 

1794.4(+8), 1595.1(+9), 
1435.7(+10), 1305.3(+11), 

1196.6(+12), 1104.6(+13), 

1025.8(+14) 

1 intrachain disulfide bridge 

Antileukoproteinase 

SLPI (P03973) 26.2 
11702.2 ± 1 

(11706) 

1952.64(+6), 1673.84(+7), 

1464.73(+8), 1302.10(+9) 
8 intrachain disulfide bridges 

α-Defensins 

α-defensin 1 
(P59665) 

23.5 
3442.5 ± 2  
(3442.1) 

1772.03(+2), 1148.36(+3), 
861.52(+4) 

2 intrachain disulfide bridges 

α-defensin 2 

(P59665/6) 
23.5 

3370.4 ± 1  

(3370.9) 

1686.49(+2), 1124.66(+3), 

843.75(+4) 
2 intrachain disulfide bridges 
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Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

α-defensin 3 
(P59666) 

23.5 
3485 ± 2 
(3486.1) 

1744.03(+2), 1163.03(+3), 
872.52(+4) 

2 intrachain disulfide bridges 

α-defensin 4 

(P12838) 
27.2 

33708 ± 1  

(3709.4) 

1855.71(+2), 1237.48(+3), 

928.36(+4) 
2 intrachain disulfide bridges 

Thymosins β4 

Tβ4 (P62328) 18.5 
4964.0± 1  
(4963.5) 

1655.51(+3), 1241.88(+4), 
993.71(+5) 

N-Term.-α-Acetylation 

S100A proteins 

S100A12 

(P80511) 
40.0 

10444 ± 2  

(10443.9) 

1306.5(+8), 1161.4(+9), 

1045.4(+10), 950.4(+11) 
M1 removal 

S100A7 D27 

(P31151) 
37.0 

11367 ± 2  

(11367.8) 

1422.0(+8), 1264.1(+9), 

1137.8(+10), 1034.4(+11) 

M1 removal, N-Term.-α-Acetylation, 

D27 variant 

S100A8(P05109) 40.4 
10833 ± 2  

(10834.5) 

1355.3(+8), 1204.8(+9), 

1084.5(+10), 985.9(+11) 
 

S100A8 
hyperoxidized 

39.3 
10915 ± 2 
(10914.6) 

1365.3(+8), 1213.7(+9), 
1092.5(+10), 993.2(+11) 

C42-SO3H and W54dioxidation 

or C42-SO3H and W54 oxidation 

and M1/78oxidation 

S100A8 SNO 40.8 
10863 ± 2 
(10863.5) 

1358.9(+8), 1208.1(+9), 
1087.3(+10), 988.6(+11) 

C42nitrosylation 

S100A8 SO3H 

Wox 
40.4 

10900 ± 2 

(10899.6) 

1363.46(+8), 1212.08(+9), 

1090.97(+10), 991.88(+11), 
909.26(+12), 839.39(+13) 

C42 sulfonic acid and W54 oxidation 

S100A9 (S) 
(P06702) 

42.2 
12690 ± 2  
(12689.2) 

1410.9(+9), 1269.9(+10), 

1154.6(+11), 1058.4(+12), 

977.1(+13) 

N-Term.-α-Acetylation after 1-5 
residue removal 

S100A9 (S) 1P 42.2 
12770 ± 2  
(12769.2) 

1419.8(+9), 1277.9(+10), 

1161.8(+11), 1065.1(+12), 

983.3(+13) 

N-Term.-α-Acetylation after 1-5 

residue removal,  

T108 (Phospho) 

S100A9 (S) ox 41.3 
12706 ± 2  

(12705.2) 

1412.7(+9), 1271.5(+10), 
1156.0(+11), 1059.8(+12), 

978.3(+13) 

N-Term.-α-Acetylation after 1-5 
residue removal, 

M89 or 78 or 76 or 58 oxidation 
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Proteins/peptides 
El. Time 

(min ± 0.5) 

Exper.  (theor) 

Mav ± SD 

m/z (charge) 

for XIC search 
PTMs 

S100A9 (S) 1P ox 41.3 
12786 ± 2  

(12785.2) 

1421.9(+9), 1279.5(+10), 

1163.3(+11), 1066.4(+12), 

984.5(+13) 

N-Term.-α-Acetylation after 1-5 
residue removal, 

T108 (Phospho), M89 or 78 or 76 or 58 

oxidation 

S100A9 (L) SSG 41.5 
13459 ± 2  

(13458.1) 

1346.8(+10), 1224.5(+11), 
1122.5(+12), 1036.3(+13), 

962.3(+14) 

M1 removal, N-Term.-α-Acetylation, 

C2glutathionylation 

S100A9 (L) SSG 

1P 
41.5 13538 ± 2 (13538.1) 

1354.82(+10), 1231.75(+11), 

1129.18(+12), 1042.40(+13), 
968.02(+14) 

M1 removal, N-Term.-α-Acetylation, 

C2glutathionylation, T108 (Phospho) 

S100A9 (L) SSG 

ox 
41.5 

13476 ± 2 

(13476.7) 

1348.67(+10), 1226.16(+11), 

1124.06(+12), 1037.67(+13), 
963.63(+14) 

M1 removal, N-Term.-α-Acetylation, 

C2glutathionylation, M93 or 82 or 80 or 62 
oxidation 

S100A9 (L) SSG 
1P ox 

41.5 
13555 ± 2 
(13555.1) 

1507.13(+9), 1356.52(+10), 

1233.29(+11), 1130.60(+12), 

1043.71(+13) 

M1 removal, N-Term.-α-Acetylation, 

C2glutathionylation, T108 (Phospho) 

M93 or 82 or 80 or 62 oxidation 

 

SSG: glutathionylation on cysteine residue; SSC: cysteinylation on cysteine residue; S-S: formation of a disulfide bond; SNO: nitrosylation on 

cysteine residue; nonphos.: proteoform non phosphorylated; P: phosphorylation.  
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Supplementary Figure S2.1: Comparisons of proteins levels in aHC vs eHC (A), aHC vs AD (B), eHC vs AD subjects (C). The height of columns 

shows the negative log10 of Mann-Whitney tests p-values. The red-dashed line marks the significance threshold (1.3 on the -log10 scale, equivalent 

to a p-value of 0.05) adjusted for a cumulative false discovery rate <5% by the Benjamini-Hochberg procedure. 
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Supplementary Figure S2.2: Selection of components of aHC-eHC-AD mixed samples, by 

the Boruta method. Blue boxplots correspond to minimal and maximum scores of shadow 

variables obtained by random permutation of copies of the original variables. The max shadow 

score represents the threshold to select important features (green = confirmed; yellow = 

tentative). Red boxplots represent rejected features. Boxplots show the median, the 

interquartile range (IQR), the virtual minimum and maximum values, Q1 - 1.5 IQR and Q3 + 

1.5 IQR, respectively (small bars) and outliers (dots). 
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PART III 

 

Characterization of novel human cystatin B salivary interactome in 

Alzheimer’s disease and healthy subjects 
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INTRODUCTION AND AIM OF THE STUDY 

 
Cystatins are the largest group of endogenous cathepsin inhibitors expressed both 

intracellularly and extracellularly. They are single chain proteins divided into three inhibitory 

subfamilies: type 1 cystatins (cystatin A and B), type 2 cystatins (cystatin C, D, E, F, S, SN 

and SA) and type-3 cystatins (kininogens)161. Among them, cystatin B and C were found to 

be widely expressed in numerous tissues, including the brain, whereas the others have more 

restricted distribution174. 

Cystatin B is a small protein found involved in many diseases and biological processes, 

strongly suggesting additional multiple functions other than cathepsin inhibitor. Its ability to 

colocalize with amyloid plaques of AD has been proven and it has been proposed as amyloid 

constituent76. In vitro studies have shown that cystatin B oligomers can inhibit or facilitate 

A fibril growth according to their size77. Actually, the existence of cystatin B polymeric 

structures in terms of different long homo-oligomers has also been demonstrated in cellular 

systems175 as well as the ability of cystatin B to interact with other proteins77,176 and to form 

a specific multiprotein complex in the cerebellum of rat177. 

Our previous work on the acid-soluble protein fraction of the saliva revealed the higher 

expression of cystatin B in AD patients146, but the presence of high molecular weight 

oligomers or multiprotein complexes related to cystatin B has never been investigated in 

saliva. The first aim of the present study has been to demonstrate the existence of a 

multiprotein complex involving cystatin B in whole saliva samples and to characterize it, 

secondly, we further studied the cystatin B interactome to individuate any qualitative-

quantitative difference between AD patients and healthy subjects age and sex matched. To 

these aims, we performed some preliminary tests mainly by western blot to look for high 

molecular weight positive signals related to cystatin B in saliva, and, then, in order to 
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characterize the presence of potential multiprotein complexes, we performed Co-IP assays 

followed by in gel tryptic digestion and RP-nanoHPLC-HR-ESI-MS/MS analysis.  

The experiments and research activity of the present section begun at the University of 

Cagliari (Cagliari, Italy) where experimental design, preliminary tests and Co-IPs have been 

performed, under the supervision of Prof. Tiziana Cabras. The characterization of cystatin B 

interactome through RP-nanoHPLC-HR-ESI-MS/MS and data analysis has been performed 

at the Max Planck Institute of Psychiatry (Munich, Germany) under the supervision of Prof. 

Christoph Turck and Dr. Giuseppina Maccarrone. 
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MATERIALS AND METHODS 

Reagents  

Co-Immunoprecipitation (Co-IP) assay was performed with SureBeads™ Protein G Magnetic 

Beads purchased from Bio-Rad (Hercules, California, USA). The bait protein was captured 

with cystatin B mouse monoclonal antibody purchased from Invitrogen (Thermo Fisher 

Scientific, Waltham, MA, USA). Experimental negative control was obtained using normal 

mouse IgG Polyclonal Antibody from Merck (Darmstadt, German). Chemicals and materials 

used to perform SDS-PAGE and enzymatic in gel-digestion were purchased from Bio-Rad 

(Hercules, California, USA), SDS-PAGE analyses were run onto 4–15% Mini-PROTEAN® 

TGX™ Precast Protein Gels with 10-well of 30 µl capacity; trypsin (MS-approved) was 

purchased from SERVA (Heidelberg, Germany). Chemicals and reagents for Mass 

Spectrometry analyses were purchased from Sigma-Aldrich/Merck (Darmstadt, Germany). 

Chemicals and reagents for western blot were purchased from Bio-Rad (Hercules, California, 

USA). 

Study subjects, Sample collection and treatment 

For the purposes of this study, samples of unstimulated whole saliva were collected from the 

same subjects enrolled as described in the “Material and Methods” section of the Part I, with 

the exception of three AD patients (#12, #39 and #40) and five HC subjects (#21, #36, #37, 

#38 and #39) whose saliva has been treated in the same way but being enrolled later in the 

study, they were not included in the previous sections of the present thesis. Donors provided 

variable volumes of whole saliva according to their capacity and disposal. In some cases, the 

volume and TPC of available whole saliva was insufficient for the purpose of the present 

section, so it was not possible to include all the patients and healthy volunteers in the 

interactome study. For this reason, fourteen AD patients (#1, #2, #3, #5, #6, #7, #8, #9, #10, 
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#11, #21, #28, #29, #31) and five HC subjects (#1, #6, #29, #32, #33) who were part of the 

study subjects in the previous sections, have been excluded. Demographic features of the 

subjects involved in this section are reported in Table 3.1: twenty-four subjects affected by 

AD were included (17 females and 7 males; mean age and SD: 81 ± 5), comprising twenty-

one subjects among those enrolled for the first study plus three subjects later enrolled (#12, 

#39 and #40); while the HC group was composed by thirty-four healthy volunteers including 

twenty-seven subjects among those enrolled for the first study plus five subjects later enrolled 

(#21, #36, #37, #38 and #39). Healthy volunteers have been split to form two different groups: 

one named “HC” composed by twenty-four subjects (16 females and 8 males; mean age and 

SD: 78 ± 4) chosen to be coherent with AD group for what concerns number, sex and age of 

the subjects; another one named “NEG” composed by twenty-six subjects (15 females and 11 

males; mean age and SD: 77 ± 3), dedicated to serve as experimental negative control (NEG) 

in the Co-IP assay and thus composed by a higher number of subjects to be more balanced in 

gender contribution. Samples of whole saliva for interactome study were immediately diluted 

in a 1:1 v/v ratio with PBS buffer (270mM NaCl, 5mM KCl, 20mM NaHPO4, 4mM KH2PO4) 

containing cOmplete™, EDTA-free Protease Inhibitor Cocktail (Sigma-Aldrich/Merck, 

Darmstadt, Germany), and gently centrifuged at 1000 g for 5 minutes at 4°C before being 

stored at -80° until the analysis. 

Western blot analyses 

All immunodetections by western blot have been performed as follows: SDS-PAGE was 

made with  4-15% T mini precast gels (Bio-rad, Hercules, California, USA) according to 

Laemmli protocol178. Electrophoretic separation was performed at 180 V and Bio-rad 

Precision Plus Protein™ WesternC™ Blotting Standards were used as molecular weight 

standards. Proteins were transferred to 0.2 μm PVDF membranes according to the instructions 
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provided with the Trans-blot Turbo system (Bio-Rad, Hercules, CA, USA). After the transfer, 

PVDF membranes were equilibrated for 1 hour with the blocking solution (5% Blotting-Grade 

Blocker, Bio-rad, in TBS containing 0.05% tween-20, TBS-T), and then, for 1 hour under 

stirring with cystatin B mouse monoclonal primary antibody diluted 1:1000 with TBS-T. 

After five x 5 min washing with TBS-T, membranes were incubated for 1 hour with the anti-

mouse secondary Ab (HRP conjugated dil. 1:5000 in TBS-T). After five x 5 min washing 

with TBS-T, membranes were incubated with the detection solution (Clarity Max™ Western 

ECL Substrate, Bio-Rad) according to the manufacturer’s instructions, and the detection was 

performed with the ChemiDoc MP Imaging System (Bio-Rad, Hercules, CA, USA) and 

analysed with Image Lab 4.0.1. When needed, statistics by GraphPad Prism software (version 

5.0) was applied to the signal intensities obtained. Western blot immunodetections were 

performed in different set of samples: 

1) The acid-soluble protein fractions of saliva prepared as described in the Part I. The 

residual volume of the acid-soluble fraction of saliva from 28 patients among those 

enrolled for Part I was pooled into a single pool (17 females and 11 males; mean age 

and SD: 80 ± 6, Supplementary Table S3.1). For comparison, the acid-soluble fraction 

of saliva from 28 HC subjects patients among those enrolled for Part I was also pooled 

(15 females and 13 males; mean age and SD: 78 ± 5, Supplementary Table S3.1). The 

total protein content for both pools was 60 g and every subject contributed with the 

same protein quantity according to their TPC. Pools have been divided into aliquots 

of 20 g/each to be analyzed in triplicate. As positive control, 1 µg of enriched cystatin 

B fraction (Material and Methods, Part I)  has been analysed as well. All the samples 

have been mixed 1:1 (v/v) with 0.125 M Tris/HCl pH 6.8 containing 4% SDS, 20% 

glycerol, 0.02% bromophenol blue without reducing agent to keep intact any possible 

covalent interaction.  
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2) The whole saliva of adult and elderly HC subjects. Four aHC (two females aged 28 

and 34; two males aged 30 and 39) and four eHC (two females aged 73 and 78; two 

males aged 78 and 79) were randomly selected. Whole salivary samples, already 

treated with PBS, were mixed 1:1 (v/v) with 0.125 M Tris/HCl pH 6.8 containing  4% 

SDS, 20% glycerol, 0.02% bromophenol blue without reducing agent to keep intact 

any possible covalent interaction. According to their TPC, a total of 35 g per sample 

were utilized. 

3) Whole salivary pools from 24 AD and 24 HC. Whole salivary samples treated with 

PBS were pooled into a single pool from 24 AD samples and a single pool from 24 

HC samples (AD and HC, Table 3.1). The total protein content for both pools was 60 

g and every subject contributed with the same protein quantity according to their 

TPC. Pools have been divided into aliquots of 30 g to be analyzed in duplicate. All 

the samples have been mixed 1:1 (v/v) with 0.125 M Tris/HCl pH 6.8 containing 4% 

SDS, 20% glycerol, 0.02% bromophenol blue without reducing agent to keep intact 

any possible covalent interaction.  

4) Immunoprecipitated (IP) samples of AD and HC pools from whole salivary samples 

in PBS starting from 300 μg of total protein content. After Co-IP assay with cystatin 

B antibody, 4.5 μg of IP samples from 24 AD and 24 HC pools (AD and HC, Table 

3.1) were mixed 1:1 (v/v) with 0.125 M Tris/HCl pH 6.8 containing  4% SDS, 20% 

glycerol, 0.02% bromophenol blue with or without 2% 2-mercaptoethanol to perform 

analysis in reducing (R-) and non-reducing (NR-) conditions. Co-IP assay has been 

performed as described in the corresponding following paragraph.  
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SDS-PAGE and in gel tryptic digestion of enriched cystatin B fraction and 

acid salivary pools from AD and HC subjects 

To confirm the presence of cystatin B in all the gel slices showing a positive signal after 

western blot analysis, 100 g/each of the two pools from acid-soluble protein fractions of 

saliva of 28 AD patients and 28 HC subjects (Supplementary Table S3.1) and 5 g of enriched 

cystatin B fraction (Material and Methods, Part I) have been subjected to SDS-PAGE and in 

gel digestion. All the samples have been mixed 1:1 (v/v) with 0.125 M Tris/HCl pH 6.8 

containing 4% SDS, 20% glycerol, 0.02% bromophenol blue without reducing agent to keep 

intact any possible covalent interaction and then boiled at 100°C for 5 min. After SDS-PAGE 

separation, gels were stained with Bio-Safe TM Coomassie G250 stain (Bio-Rad, Hercules, 

CA, USA) to be submitted to in-gel tryptic digestion and HR-MS/MS analysis. Only stained 

protein bands corresponding to cystatin B positive signals evidenced by western blot were 

manually excised from the gel and transferred to fresh tubes.  

Gel pieces were vortex for 10 min two times in a solution of 25mM ammonium bicarbonate/ 

ACN (1:1, v/v) to be de-stained. Reduction and alkylation of cysteine residues were 

performed with 10mM dithiothreitol (30 minutes at 56°C, in the dark) followed by the 

addition of 55 mM iodoacetamide (30 min at RT, in the dark). Gel pieces were washed again 

two times with 25mM ammonium bicarbonate/ACN (1:1, v/v) and rehydrated in 25mM 

ammonium bicarbonate containing 100 ng of trypsin. The samples were incubated overnight 

at 37ºC to allow tryptic digestion. Trypsin reaction was blocked by adding 0,1% of FA. To 

extract peptides, samples were added 50 ml of 50% ACN, 1% of FA, sonicated for 5 min and 

vortexed for 20 min at room temperature. Extraction procedure was repeated twice and tryptic 

peptides were lyophilized again and stored at -20°C until the analysis. 
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RP-nanoHPLC-high resolution ESI-MS/MS analysis of enriched cystatin B 

fraction and acid salivary pools from AD and HC subjects  

Samples from in gel digestion obtained on enriched cystatin B fraction and acidic AD and HC 

pools were resuspended in solvent A (0,1% FA) and analyses were performed with a Ultimate 

3000 Nano System HPLC (Thermo Fisher Scientific, Sunnyvale, CA) coupled with a LTQ 

Orbitrap Elite (Thermo Fisher Scientific, San Jose, CA, USA). The Easy Spray reverse-phase 

nano column (150 mm x 50 µm inner diameter, Thermo Fisher Scientific) was a C18 with 2 

µm beads and elution of peptides was achieved with solvent B (0.1% formic acid/80%ACN 

v/v) at flow rate of 0,3 l/min with the following gradient: 0-3 min to 4%; 3-70 min  to 50 % 

solvent B; 70-90 min to 80%; 90-92 min to 90%; 100-103 min to 98% solvent B. The mass 

spectrometer was operating at 1.7 kV in the data dependent acquisition mode with the 

capillary temperature set at 275 °C. Full MS experiments were performed in positive ion mode 

with mass ranging from 350 to 1600 m/z (resolution 120000). The 10 most intense ions were 

subjected to CID fragmentation setting 35% of normalized collision energy for 10 ms, 

isolation width of 2 m/z, and activation q of 0.25. Spectra were processed and analyzed by 

PD software (version 2.2, Thermo Fisher) using SEQUEST HT cluster search engine 

(University of Washington, licensed to Thermo Electron Corporation, San Jose, CA) against 

the UniProtKB human database (188,453 entries, release 2019_03). Database search 

parameters were as follows: carbamidomethylation of cysteine as fixed modification, 

oxidation of methionine and tryptophan, serine/threonine phosphorylation, C-terminal 

pyroglutamic residue, N-terminal acetylation and methionine loss as dynamic modification 

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. Peptides were filtered for high confidence 

and a minimum length of 6 amino acids, while proteins were filtered for high FDR confidence 

excluding only keratins as skin proteins deriving from sample manipulation. Settings of FDR 
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were 0.01 (strict) and 0.05 (relaxed). The results obtained on the characterization of cystatin 

B in the different gel slides by high-resolution MS/MS experiments have been deposited to 

ProteomeXchange Consortium (http://ww.ebi.ac.uk/pride) via the PRIDE81 partner repository 

with the dataset identifier PXD030561.  

Co-IP assay 

Three pools of whole salivary samples in PBS were prepared: one from the 24 AD samples 

included in this third part of the study (AD pool, 1200 g of total protein content); one from 

24 HC samples (HC pool, 1200 g of total proteins); and one from 26 HC samples (NEG 

pool, 800 g of total proteins) (Table 3.1). Every subject contributed with the same protein 

quantity according to their TPC. Pools have been divided into aliquots of 400 g/each to be 

independently submitted to the experimental protocol: AD and HC in triplicate, NEG in 

duplicate. Co-IP assay was performed using 100 l of Protein G Magnetic Beads (Bio-Rad) 

per experiment as suggested by the manufacturer instructions. Briefly, beads were first 

magnetize with a specific magnetic rack to discard their store-solution and then washed by 

resuspension in 1 mL of PBS buffer containing 0.1% Tween-20 (PBS-T). Supernatant was 

discarded after beads magnetization and the washing step was repeated 3 times. Then, beads 

were resuspended in 200 l of PBS-T containing 4g of cystatin B mouse monoclonal 

antibody (AD and HC in triplicate) or 4g of normal mouse IgG polyclonal antibody (NEG 

in duplicate) and gently rotated for 10 min at room temperature. Only when the IP samples 

from whole salivary AD and HC pools were destined to western blot analysis 3 g of cystatin 

B mouse monoclonal antibody were used in the Co-IP assay, because the initial total protein 

content of pools was 300 g instead of 400 g. To remove unbound antibody in excess, beads 

were magnetized and washed again three times with PBS-T. Salivary pools were added to the 

beads-antibody structure and gently rotated for 1 hour at room temperature. To remove 

http://ww.ebi.ac.uk/pride
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unspecific proteins binding, wash step with PBS-T was performed again three times. Finally, 

the protein complex pull-down was collected resuspending the beads in 50 l of Laemmli 

buffer in absence of glycerol and bromophenol blue and incubating for 10 min at 70°C, in 

order to break the interaction between the G protein and the antibody and between the 

antibody and the proteins. In the end, we obtained three cystatin B IP from AD, three cystatin 

B IP from HC and two normal mouse IP from NEG. 

Quantification, SDS-PAGE and tryptic digestion of IP samples 

To quantify the pull-down protein complex, 10 l of each IP was subjected to BCA assay 

performed in duplicate using a NanoDrop 2000 Spectrophotometer (Sigma-Aldrich/Merck, 

Darmstadt, Germany). When performing SDS-PAGE, samples were mixed and boiled for 5 

min at 100°C with Laemmli buffer with or without 0.2% of -mercaptoethanol to obtain 

results in R- and NR- conditions, respectively. IP obtained from AD and HC were divided in 

two aliquots: 6 g of each replicate was destinated to SDS-PAGE in NR-condition and 6 g 

to R-condition. SDS-PAGE of NEG IP was performed only in R-condition, in duplicate. After 

SDS-PAGE, gels were stained with Bio-Safe TM Coomassie G250 stain (Bio-Rad, Hercules, 

CA, USA) to be submitted to in-gel tryptic digestion and HR-MS/MS analysis. To perform in 

depth profile of the immunoprecipitated proteins in AD and HC pools, and in the NEG 

experiments, the SDS-PAGE gels obtained under NR- and/or R- conditions were submitted 

to an extensive excision along each lane. Stained protein bands were manually excised from 

the gel and transferred to fresh tubes. The zones of the lanes that did not appear stained were 

excised as well. De-stain procedure, trypsin digestion and peptides’ extraction has been 

performed as previously described. Tryptic peptides were lyophilized under vacuum using a 

SpeedVac system (Sigma-Aldrich/Merck, Darmstadt, Germany). The dried peptides were 

resuspended in 2% FA and filtered with Corning® Costar® Spin-X® Plastic Centrifuge Tube 
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Filters, cellulose acetate membrane, pore size 0.22 μm (Sigma-Aldrich/Merck, Darmstadt, 

Germany) to filter out gel pieces residual. The samples were then subjected to desalting 

protocol prior to the MS/MS analysis by using Pierce C18 zip tip, 10 l (Thermo Fischer, 

Thermo-Fisher Scientific San Jose, CA, USA) following the manufacturer instructions. The 

desalted peptides were lyophilized again and stored at -20°C until the LC-MS/MS analysis. 

RP-nanoHPLC-high resolution ESI-MS/MS analysis  

Tryptic peptides extracted from each gel slice after Co-IP assays and SDS-PAGE were 

resuspended in solvent A (0,1% FA) and analyses were performed with a Q-Exactive Plus 

Mass Spectrometer (Thermo Fisher, San Jose, CA, USA), coupled to the Nano Spray Flex 

source and connected to an Ultimate 3000R (Dionex, Sunnyvale, CA) nano HPLC system. 

Reverse phase chromatography was performed using a chromatographic nano column (150 

mm x 75 µm inner diameter) in-house pulled (Puller P-1000, Sutter instrument, Germany),   

packed with ReproSil-Pur C18 beads 1.9 m (Dr. Maisch GmbH, Germany). Elution of 

peptides was achieved with solvent B (0.1% FA/95% ACN v/v) at flow rate of 0,3 l/min. 

When analyzing peptides from cystatin B Co-IPs the gradient used was as following: 0-15 

min to 2%; 15-125 min to 30%; 125-145 min to 60%; 145-146 min to 98% solvent B. For 

elution of peptides from normal mouse Co-IPs the gradient used was as follows: 0-15 min to 

2%; 15-75 min to 30%; 75-80 min to 40%; 80-90 min to 98% solvent B. The mass 

spectrometer was operating at 1.9 kV in data dependent acquisition mode with the capillary 

temperature set to 275 °C.  A MS2 method was set including a FT survey scan from 375 to 

1400 m/z (resolution 70,000; AGC target 3E6). The 10 most intense ions were considered for 

HCD fragmentation (resolution 17,500; AGC target 1E5, (N)CE 27%, max. injection time 

100 ms, dynamic exclusion 30s). Spectra were acquired with the support of Xcalibur software 

(Thermo Fisher).  
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All the gel pieces were digested with trypsin and analyzed individually by nano-HPLC-HR-

MS/MS, thus, in total, MS analyses were performed on 20 samples from NEG IP in duplicate 

(2 x 10 gel pieces in R-condition), 78 samples from AD IP in triplicate (3 x 13 gel pieces for 

a total of 39 in NR- condition and 3 x 13 gel pieces for a total of 39 in R- condition, 

respectively) and 78 samples from HC IP in triplicate (3 x 13 gel pieces for a total of 39 in 

NR- condition and 3 x 13 gel pieces for a total of 39 in R- condition, respectively). 

Spectra were processed and analyzed using Proteome Discoverer (PD, version 2.4, Thermo).  

PD analyses were conducted with SEQUEST HT cluster search engine (University of 

Washington, licensed to Thermo Electron Corporation, San Jose, CA) against the UniProtKB 

human database (188,453 entries, release 2019_03). Database search parameters were set as 

following: carbamidomethylation of cysteine as fixed modification, oxidation of methionine 

and tryptophan, serine/threonine phosphorylation, C-terminal pyroglutamic residue, N-

terminal acetylation and methionine loss as dynamic modifications and the allowance for up 

to two missed tryptic cleavages. The peptide mass tolerance was set to10 ppm and 0.02 Da 

for peptide and fragment ion, respectively.  Peptides were filtered for high confidence and a 

minimum length of 6 amino acids, while proteins were filtered for a minimum number of 

unique peptides of 2, excluding those considered contaminants deriving from both sample 

manipulation (i.e. skin proteins as keratins) and the sample itself (as hemoglobin or 

immunoglobulins). Settings of FDR were 0.01 (strict) and 0.05 (relaxed). Label Free 

Quantification (LFQ) has been performed for proteins deriving from SDS-PAGE in R-

conditions, thus the spectra analysis was qualitative for NR-condition and both qualitative and 

quantitative for R-condition. MS raw files belonging to the same SDS-PAGE lane were loaded 

into the software as fractions and merged into an individual sample to avoid loss of 

information in LFQ of proteins detectable in adjacent gel positions. LFQ abundancies of 

proteins were normalized against the total peptide amount in the Precursor Ion Quantifier 
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node of PD software. Grouping and quantification was set as non-nested specifying a single 

categorical factor related to the condition (AD versus HC); the software calculated, for the 

comparison between the two groups, the median of ratios between abundancies of the peptides 

belonging to a specific protein. Spectra analysis from NEG samples was performed separately 

from AD and HC because of differences in the chromatographic gradient, but under the same 

PD conditions. All the results obtained by HR-MS/MS experiments have been deposited to 

ProteomeXchange Consortium (http://ww.ebi.ac.uk/pride) via the PRIDE81 partner repository 

with the dataset identifier PXD030679.  

Bioinformatic tools for statistics and data analysis 

The minimum background proteins required by PD to perform a t-test and calculate p-values 

in the comparisons between groups was not reached, thus statistics was performed with 

Perseus (version 1.6.15.0, Max-Planck-Institute of Biochemistry) following the instructions 

provided within the Perseus use case for Label-free interaction data (available at 

http://www.coxdocs.org/doku.php?id=perseus:user:use_cases:start) 179. 

Briefly, LFQ intensities calculated by PD software have been loaded into Perseus and data 

have been transformed into logarithm with the default formula “log2(x)” to improve the 

normality of data distribution. When a protein was not detected in one replicate or in one 

group, the LFQ value input in the matrix was “0”. The proteins LFQ intensities measured in 

AD with respect to those measured in NEG and the proteins LFQ intensities measured in HC 

with respect to those measured in NEG were compared separately. Replicates have been 

grouped assigning a categorical factor so that the tool could recognize LFQ intensities of 

proteins from replicates belonging to the same group. This step allows to remove from the 

matrix any protein that was randomly identified by PD in only one replicate, setting a 

minimum of 2 or 3 valid values in at least one group according to the number of replicates 

http://ww.ebi.ac.uk/pride
http://www.coxdocs.org/doku.php?id=perseus:user:use_cases:start
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per group. The imputation command was then used to replace missing values with random 

numbers drawn from a normal distribution. Specifically, we let Perseus assume normally 

distributed data, so that it could calculate width and center of the distribution and shrinks the 

distributions to a factor of “0.3” (width), shift it down by “1.8” (down shift) standard 

deviations and simulate random values that can fill up the missing values.  When comparing 

AD or HC LFQ abundances with respect to NEG, we performed a two sample t-test (Student 

t-test) setting s0 = 1.5 as fold change and permutation-based FDR = 0.05 with 250 

randomizations. Proteins were considered significant when the p-value was less than 0.05 and 

the fold change above to ± 1.5. When comparing LFQ abundances between AD and HC 

groups, we performed a two sample t-test (Student t-test) setting s0 = 1 as fold change and 

permutation-based FDR = 0.05 with 250 randomizations. Proteins were considered significant 

when the p-value was less than 0.05 and the fold change above to ± 1.  Unspecific interactors 

were determined performing Perseus statistical analysis on the results obtained in Co-IP 

assays with cystatin B antibody with respect to those obtained in Co-IP assays with normal 

mouse IgG polyclonal antibody. Specifically, when proteins’ intensities were higher in NEG 

assay or unchanged between NEG and AD or NEG and HC, proteins were filtered out as 

unspecific interactors. The remaining proteins candidates for being cystatin B interactors were 

further tested against the Contaminant Repository for Affinity Purification (CRAPome, 

version 2.0, available at https://reprint-apms.org/), which is a large database of standardized 

negative controls usable to exclude potential unspecific interactors180. The list of genes 

corresponding to the protein candidates were submitted to the repository selecting Homo 

Sapiens as organism and Tandem Epitope Tag AP-MS as experiment type. When a protein 

was measurable in more than 25% of the reported experiments (i.e. found more than 180 times 

for a total of 716 experiments) it was considered an unspecific interactor and thus excluded. 

The complete list of proteins identified, included those marked as unspecific interactors, is 

https://reprint-apms.org/
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reported in Supplementary table S3.2 where the multiply-charged ions (m/z) used by PD for 

high-resolution MS/MS characterization are indicated. To verify if there were any difference 

in cystatin B interactors between AD and HC groups, Perseus statistics was further applied 

by comparing candidate proteins’ intensities. Finally, Perseus statistics was applied to the 

same proteins after calculating the ratio bait/prays in the two groups.  

Interactions and functional enrichment analysis 

The list of identified cystatin B interactors was submitted to STRING database (version 11.5, 

Szklarczyk et al., 2021) to check for known interactions already characterized among the 

proteins involved. In the settings’ panel, the active interaction sources selected were 

“experiments” and “databases” and minimum required interaction score set at  0.900 (highest 

confidence). The pathway analysis of the entire network of cystatin B and its interactors 

referring to Reactome database was also performed by STRING.  

The functional enrichment analysis on all identified cystatin B interactors was performed 

using DAVID (Database for Annotation, Visualization and Integrated Discovery)182. 

Specifically, the list of cystatin B and its interactors were analyzed by the Functional 

Annotation Chart to test the statistical enrichment of Gene Ontology (GO)-terms  (CC – 

Cellular Component, MF –Molecular Function, BP – Biological Process) associated to the 

identified proteins by p value through the EASE score (an alternative Fisher test) and applying 

Benjamini-Hochberg post-test as correction. A panoramic of  all CC, MF and BP annotated 

GO-terms for cystatin B and all its interactors is shown in supplementary figure S3.1 obtained 

from  g:profiler183.  The analysis was performed using  g:GOSt and visualized by Gantt-like 

charts (Fig. S3.1). 
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Table 3.1. Demographic data of 24 HC (named HC), 24 AD patients (named AD) and 26 HC 

(named NEG) included in the study and used to perform Co-IP. For each subject it is indicated 

the TPC of whole saliva determined by BCA assay.  

 

HC Sex and age 
TPC  

g/l 
AD  Sex and age 

TPC  

g/l 
NEG Sex and age 

TPC  

g/l 

#3 F,84 1.14 #12 F,84 0.61 #2 M,85 1.8 

#5 F,81 1.35 #13 F,79 0.71 #3 F,84 1.1 

#9 M,71 1.48 #14 F,82 0.89 #4 M,82 1.6 

#11 M,76 1.75 #16 F,83 0.56 #5 F,81 1.4 

#12 F,77 1.22 #17 F,63 0.73 #7 F,79 1.6 

#13 M,74 1.18 #18 F,80 0.87 #8 M,74 2.2 

#14 M,87 2.86 #19 F,80 0.35 #9 M,71 1.5 

#16 F,81 0.93 #20 M,87 0.49 #10 M,78 1.5 

#17 F,82 1.48 #22 M,87 0.84 #11 M,76 1.7 

#19 F,86 1.85 #23 F,75 0.37 #12 F,77 1.2 

#20 F,73 3.20 #24 F,75 0.28 #13 M,74 1.2 

#21 M,79 2.17 #25 F,83 0.16 #15 M,73 1.7 

#22 F,78 1.73 #26 F,84 0.40 #16 F,81 0.9 

#24 F,78 1.20 #27 F,81 0.34 #18 F,72 1.7 

#25 F,75 2.12 #30 M,86 0.21 #20 F,73 3.2 

#26 F,75 0.83 #32 F,88 0.30 #21 M,79 2.2 

#30 F,76 0.36 #33 F,81 0.34 #22 F,78 1.7 

#28 F,78 0.47 #34 F,77 0.42 #23 F,79 2.1 

#31 F,81 0.38 #35 M,87 0.78 #24 F,78 1.2 

#34 F,72 0.16 #36 M,84 0.99 #25 F,75 2.1 

#35 M,80 1.18 #37 F,77 0.61 #26 F,75 0.8 

#37 F,78 3.65 #38 F,78 1.19 #28 F,78 0.5 

#38 F,78 2.18 #39 M,76 0.77 #29 M,73 0.3 

#39 F,83 1.69 #40 M,85 1.61 #35 M,80 1.2 

      #36 F,73 2.9 

      #38 F,78 2.2 
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RESULTS 

The results obtained in the present section concern the study of multiprotein complexes linked 

to cystatin B in whole saliva samples. The results of preliminary tests will be firstly illustrated 

and then the results obtained by Co-IP assays.     

Preliminary tests 

In a series of preliminary experiments, we observed the presence of positive signals to cystatin 

B antibody by western blot in molecular weight ranges higher than those expected, which are 

ca. 11 kDa for cystatin B monomeric form and ca. 22 kDa for cystatin B dimeric form. 

Cystatin B western blot immunodetection was performed after SDS-PAGE in NR-conditions 

of the acid-soluble protein fractions of saliva from AD and elderly HC group in pools. An 

enriched fraction of cystatin B purified from a young adult healthy control has been loaded in 

line 2, followed by AD pool in triplicate in lines 3, 4, 5 and HC pool in triplicate in lines 6, 7, 

8 (Fig. 3.1, panel A). In the lines of AD pool several medium/high molecular weight signals 

were evident above and in correspondence of 250 kDa and below 75 kDa; as well as in the 

range of 25 kDa (cystatin B dimeric form) and between 10-15 kDa (cystatin B monomeric 

form). The same signals were present also in HC pool lines, even if less intense. In line 2, 

cystatin B was detected in its monomeric and dimeric form at 10-15 kDa and 25 kDa, 

respectively; two more signals were exclusively detected in this line below 50 kDa and below 

37 kDa, while no positive signal for cystatin B was registered in the range of 250 or 75 kDa 

(Fig. 3.1, panel A).  

Statistical analysis was performed on the signals of cystatin B in its monomeric form (Fig 3.2, 

panel A), dimeric form (Fig 3.2, panel B), and the sum of the two (Fig 3.2, panel C) with 

respect to those of the signals of the enriched cystatin B fraction used as standard at the same 

relative molecular weights. Statistics confirmed the results obtained in the Part I of the present 
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thesis, showing that AD patients have higher levels of cystatin B with respect to HC in its 

monomeric and dimeric form.  

To confirm the presence of cystatin B in all the gel slices showing a positive signal after 

western blot analysis and to exclude the possibility of being observing unspecific signals of 

the antibody, we performed SDS-PAGE in NR-conditions followed by in gel digestion with 

trypsin and nanoHPLC-HR-ESI-MS/MS analysis of the same acid salivary pools and the 

enriched fraction of cystatin B. In panel B of Figure 3.1 it is shown which areas of the gel 

have been cut that correspond to the positive signals observed in western blot analysis (Fig. 

3.1, panel A). Through the PD analyses, several proteins co-migrating together with cystatin 

B have been identified into the analyzed slices (data not shown), however, since their presence 

in the same slice is not indicative for a possible interaction, only results concerning cystatin 

B characterization are reported. The outcomes of PD analyses are listed in Table 3.2 for 

enriched cystatin B fraction. Table indicates Sequest HT score, percentage of sequence 

coverage, number of Peptide Spectrum Matches (PSMs) and unique peptides. Table 3.3 shows 

the same outcomes for AD and HC pools where relative LFQ abundances are also indicated. 

The presence of cystatin B has been confirmed in all the gel positions, except for slices 1 and 

2 in HC pool, probably because the protein level was below our instrumental limit. 

To better understand the presence of the cystatin B signals between 50 and 30 kDa observed 

only in the standard of cystatin B, purified from saliva collection from a not elderly donor, 

another experiment was performed, where the whole saliva was directly used to obtain a wide-

ranging overview of cystatin B immunodetection. Thus, in this case, immunodetection by 

western blot included only individual whole saliva samples from healthy subjects divided into 

4 aHC and 4 eHC (Fig. 3.1, panel C). Cystatin B signals were easier detectable in the 4 eHC 

(from number 5 to number 8) than in the 4 aHC (from number 1 to number 4) both at low and 

at medium/high molecular weights (Fig. 3.1, panel C). The blue asterisks in the figure 
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highlight cystatin B signals in the blot for medium/high molecular weights which appeared in 

the same positions of those shown in panel A of the same figure below 75 kDa and above 250 

kDa. On the contrary, the two signals detected below 50 and 37 kDa in the enriched fraction 

of cystatin B (Fig. 3.1, panel A, line 2) were not detected in the four aHC or in the four eHC 

(Fig. 3.1, panel C), thus, most likely, they represent signals proper of individual expression of 

cystatin B in the saliva of the young donor used to collect the enriched fraction.   

The volume and TPC of whole saliva samples available were a limiting factor in AD group, 

so it was not possible to perform a cystatin B screening in individual samples. We decided 

instead to pool together the whole saliva from 24 AD patients and 24 HC subjects (AD and 

HC pools, Table 3.1) and to perform again cystatin B immunodetection by western blot (Fig. 

3.1, panel D), in duplicate. In this case the intensity of signals between AD patients and HCs 

appeared to be comparable; blue asterisks evidence the immunodetection of the same cystatin 

B positive signals above 250 kDa and below 75 kDa, respectively, detected in the previous 

western blots (Fig. 3.1, panels A and C) with the addition of a faint positive signal around 150 

kDa highlighted in the figure by gray circles (Fig. 3.1, panel D). Red asterisks in Fig. 3.1 

refers to the immunodetection of monomeric and dimeric forms of cystatin B (panels A, C 

and D); in the western blot reported in panel D we were not able to detect cystatin B 

monomeric form.  

The preliminary results we obtained through SDS-PAGE and western blot analyses evidenced 

the presence of cystatin B in medium/high molecular weight ranges suggesting the possibility 

that this protein could be involved in multi-protein complexes. With the aim of characterize 

the protein partners cystatin B was interacting with, we chose to perform Co-IP assay using 

cystatin B mouse monoclonal antibody to catch cystatin B as the bait protein together with all 

its partners. Specifically, according to the results obtained in the Part I, highlighting the role 

cystatin B may play in AD, and considering the high variability in the composition of saliva 
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with respect to subjects’ age (Part II of the thesis), we investigated the cystatin B interactome 

in the whole saliva from AD patients and healthy subjects age and sex matched. 

 

Figure 3.1: Western blot immunodetection of 1 µg of enriched cystatin B fraction and 20 

µg/each of acid salivary pools from AD and HC subjects in triplicate (A). SDS-PAGE of 5 

g of enriched cystatin B fraction and 100 g/each of acid salivary pools from AD and HC 

subjects (B) mirroring the western blot immunodetection (A). The dashed lines in both panels 

represent the excised slices corresponding to the positive signals of immunodetection. 

Cystatin B immunodetection by western blot of healthy subjects’ individual whole saliva 

samples (35 g TPC/each, panel C) and whole salivary pools from 24 HC subjects and 24 AD 

patients (HC and AD pools, Table 3.1) in duplicate (30 g TPC/each, panel D). In both panels, 

blue asterisks highlight cystatin B positive signals detected in medium/high molecular weight 

ranges; red asterisks highlight positive signals corresponding to dimeric and monomeric 

cystatin B. Grey circle in panel D highlight a cystatin B positive signal detected at 150 kDa. 
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Fig. 3.2: Statistical analysis on the signals of cystatin B obtained by western blot (Fig. 3.1, 

panel A) in its monomeric (A) and dimeric (B) form in AD and HC groups. Signals have been 

normalized with respect to those of enriched cystatin B fraction signals at the same relative 

molecular wights. The sum of both dimeric and monomeric forms (C) has also been tested. 

p value has been considered significant when below 0.05 (*). 

 

 
 

Table 3.2: Identification of cystatin B in gel slices from enriched cystatin B fraction. 

 
Protein Gel position Coverage [%] # PSMs # Unique Peptides Score Sequest HT 

Cystatin B CysB_1 12 8 1 24.9 

Cystatin B CysB_2 12 3 1 8.5 

Cystatin B CysB_3 12 1 1 2.6 

Cystatin B CysB_4 85 24 7 58.9 

Cystatin B CysB_5 58 7 3 16.1 

 

Table 3.3: Identification of cystatin B in gel slices from AD and HC acid saliva pools. 

   
Coverage 

[%] 
# PSMs 

# Unique 

Peptides 

Score 

Sequest HT 
Abundance 

Protein 
Gel 

position 
AD HC AD HC AD HC AD HC AD HC 

Cystatin B 1 12 - 1 - 1 - 3.3 - 5.98E+04 - 

Cystatin B 2 12 - 1 - 1 - 3.8 - 6.34E+04 - 

Cystatin B 3 24 12 2 1 2 1 7.8 3.6 7.65E+05 1.84E+05 

Cystatin B 4 46 24 4 2 3 2 11.8 7.6 1.49E+06 6.74E+05 

Cystatin B 5 46 53 10 6 3 4 26.9 16.6 2.28E+07 7.36E+06 

Cystatin B 6 46 46 7 3 3 3 22.3 11.4 1.10E+07 1.51E+06 
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Co-IP assay and characterization of cystatin B interactome 

Cystatin B Co-IP assay was performed on whole salivary pools from AD and HC (Table 3.1) 

and the protein complex pull-down obtained was submitted to SDS-PAGE followed by 

western blot (Fig. 3.3). Before SDS-PAGE, the IP samples were divided in two aliquots per 

group, to be analyzed in NR- and R- conditions. In NR-conditions, it was possible to detect a 

signal higher than 250kDa, corresponding to the same signal observed in the preliminary tests 

by western blot (Fig. 3.1). The most intense signal in NR-condition was at 150kDa, 

corresponding to the cystatin B antibody used for the Co-IP assay, which is hiding, if present, 

the signal observed in the same molecular weight by western-blot of whole salivary pools 

from 24 HC subjects (HC) and 24 AD patients (Fig. 3.1, panel D). The same signal was 

undetectable in R-conditions cause the antibody itself was reduced to its heavy (50 kDa) and 

light (25 kDa) chains. In NR-condition of both AD and HC IPs it is still possible to observe 

the signal of cystatin B in its monomeric and dimeric form (10-15 and 25 kDa, respectively). 

Two more signals in NR-condition were detected at 100 and 75 kDa, which seemed to be the 

result of antibody trail and probably unspecific. Finally, in R-conditions, only three signals 

were detected: those of reduced antibody and the monomeric form of cystatin B between 

10kDa and 15kDa, which was the most intense one.  

To characterize cystatin B protein partners the Co-IP assays was performed again in triplicate 

followed by in gel tryptic digestion and HR-MS/MS analysis. Fig. 3.4 shows the SDS-PAGE 

gel obtained on IP samples from AD and HC pools in NR- and R- conditions. In both 

conditions each sample has been subjected to an extensive excision along each lane. Among 

stained protein bands, it is possible to recognize in the NR-condition lanes those 

corresponding to the intact form of cystatin B antibody (NR-, band 5, 150 kDa) which have 

been reduced to its heavy and light chains in R-condition (R-, band 7, 50 kDa and band 9, 25 

kDa, respectively). All the stained bands were manually excised from the gel and transferred 
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to fresh tubes, as well as the zones of the lanes that did not appear stained for a total of 13 gel 

slices for each lane (Fig. 3.4).   

When performing Co-IP with magnetic beads, due to their specific size and shape, sample 

pre-clearing step is unnecessary and, thus, we skipped it. Anyways, being aware of the high 

risk of detecting unspecific interactors and contaminants in this kind of experimental 

procedure, we decided to perform the characterization of background and to compare it with 

cystatin B Co-IPs’ results. The background has been characterized pooling together the whole 

saliva of 26 HC subjects (NEG pool, Table 3.1) and performing the Co-IP in duplicate using 

the normal mouse IgG polyclonal antibody instead of cystatin B mouse monoclonal antibody. 

Normal mouse Co-IPs have been performed starting from the same amount of whole saliva 

with respect to cystatin B Co-IPs. The IP samples obtained from NEG were submitted to SDS-

PAGE in R- conditions and 10 gels pieces were cut for the bottom-up analysis (Fig. 3.5). 

 

Fig. 3.3: Western blot immunodetection with cystatin B antibody after Co-IP assay of whole 

saliva pools from 24 AD patients and 24 HC subjects (AD and HC pools, Table 3.1) in NR- 

and R- conditions.  
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Fig. 3.4: SDS-PAGE in NR- and R- conditions of IP proteins after cystatin B Co-IP assay 

from AD and HC pools (Table 3.1) in triplicate. Black lines indicate how each lane, according 

to the condition, has been cut prior to tryptic digestion and nano-HPLC-HR-ESI-MS/MS 

analysis. 

 

 

 

Fig. 3.5: SDS-PAGE in R- condition of IP proteins after normal mouse Co-IP assay from 

NEG pool in duplicate used to obtain a negative control and characterize the background. 

Black lines indicate how each lane has been cut prior to tryptic digestion and nano-HPLC-

HR-ESI-MS/MS analysis.   
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PD software identified with high confidence and at least 2 unique peptides a total of 206 

proteins in R-condition and a total of 254 proteins in NR-condition, which are common to 

both cystatin B Co-IPs from AD and HC in triplicate, and a total of 139 proteins in normal 

mouse CoIPs from NEG in duplicate. By excluding 74 contaminants proteins deriving from 

sample manipulation (e.g. skin proteins as keratins) and the sample itself (e.g. hemoglobin or 

immunoglobulins) (Supplementary Table S3.2), the number of identified proteins was 

reduced to 153 (R-condition) and 190 (NR-condition) in cystatin B IP from AD and HC and 

86 (R-condition) in normal mouse IP from NEG (Supplementary Table S3.2).  

The results obtained by PD have been exported to create a proper data matrix for Perseus 

statistics with the aim of detect which proteins were enriched in NEG or unchanged both 

between NEG and AD and between NEG and HC so we could mark them as unspecific 

interactors. Results of Student t-test were visualized by Volcano Plot as shown in Figure 3.6 

where AD enriched proteins are represented by blue dots (panel A) and HC enriched proteins 

are represented by green dots (panel B), with respect to NEG ones. Grey dots in both panels 

represent unchanged proteins, while red dots are NEG enriched ones.  

Protein partners of cystatin B were filtered out according to the following criteria. After the 

statistics based on LFQ abundances (R-condition), when the level of a protein resulted 

unchanged between NEG and HC group and between NEG and AD group or enriched in 

NEG, it was considered an unspecific interactor (Table S3.2). When a protein resulted 

unchanged with respect to NEG only in AD group or only in HC group, we did not exclude it 

to test differences between AD and HC in following analyses. Considering  that the majority 

of proteins detectable after Co-IP assay can be contaminants and represent artificial interactors 

of the bait protein under study184, we further filtered proteins using CRAPome database. All 

the proteins found in more than 25% of experiments reported in CRAPome database 

(threshold on the ratio found/total equal to 180/716) were excluded. The CRAPome score for 
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each protein identified in both R- and NR-condition, has been reported in Table S3.2 where 

proteins considered unspecific interactors are marked in red. 

In total, we characterized 81 cystatin B interactors found in both AD Co-IP and HC Co-IP 

assays in R-condition. The interactors’ list is reported in Table 3.4: for each protein it is 

indicated the UniProt-KB code, the molecular weight expressed in kDa, the LFQ abundance 

in log2 scale measured in each replicate and the values of fold change and -log10 p value 

calculated by Perseus in the comparisons of HC with respect to NEG and in AD with respect 

to NEG. In table S3.3 (Supplementary Material) it is reported the fold change and p value 

calculated by Perseus for those proteins which showed a good CRAPome score but were 

excluded because found enriched in NEG or unchanged both between NEG and HC and 

between NEG and AD.  

A comparison between cystatin B and its 81 interactors identified in R-conditions and the list 

of proteins detected in NR-conditions after excluding all the proteins previously marked as 

unspecific interactors according to CRAPome database and NEG analysis (Supplementary 

Table S3.2) was performed. In NR-conditions the identification by a single unique peptide 

was only accepted for proteins previously characterized in R-conditions (Table S3.2). The 

overlapping between R- and NR- conditions is shown in Figure 3.7. More than 85% of 

proteins identified in R-conditions were also detected in NR-conditions (72 out of 82) which 

also represent more than 60% of all the proteins detected in NR-conditions (72 out of 113). 

The extra 41 proteins identified only in NR-conditions are available for consultation in 

supplementary Table S3.2. The reason why we considered this result only as a qualitative 

indication is because NR-condition is set in absence of reducing agents. Thus, covalent 

interactions between Co-IP proteins stayed intact prior SDS-PAGE resulting in a minor 

efficient gel-digestion and gel extraction of peptides. This is also the reason why NEG was 



135 
 

only performed in R-conditions, so that we could have direct high-quality evidence of 

unspecific interactions measured in the same experimental condition. 

Moreover, the Venn analysis evidenced that 54 proteins of those identified as cystatin B 

interactors in R-conditions were detectable in the gel positions corresponding to a molecular 

range weight over 150 kDa in NR-conditions (gel position from 1 to 4, Fig. 3.8). These 

proteins are highlighted in bold in Table 3.4 and they represent proteins with a stronger 

interaction between each other being resistant to denaturation by 2% SDS when no reducing 

agent was added.  
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Fig. 3.6: Volcano Plots of significant enriched proteins in AD (blue dots) with respect to NEG 

(A) and significant enriched proteins in HC (green dots) with respect to NEG (B). In both 

panels red dots represent enriched proteins in NEG, while grey dots represent unchanged 

proteins. 
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Table 3.4: Proteins found significantly enriched (↑) in AD group and HC group with respect to NEG which were identified as cystatin B interactors 

in R-condition. For each protein it is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p value and 

the fold change calculated by Perseus and the molecular weight (MW) expressed in kDa. In bold, proteins detected qualitatively also in NR-

condition in both AD and HC Co-IP assay over the molecular weight of 150 kDa.  

 

 

UniProt-

KB Code 
Protein name 

Log2 LFQ abundances AD VS NEG HC VS NEG  

AD HC NEG 
-Log10 

p value 

Fold 

change 

 -Log10 

p value 

Fold 

change 

 MW 

P04080 Cystatin-B 26.6 25.9 25.6 26.4 24.8 24.0 19.3 19.0 3.0 9.4 ↑AD 2.2 5.9 ↑HC 11.1 

A8K2U0 Alpha-2-macroglobulin-like protein 1 21.3 20.8 20.9 21.8 21.3 21.3 18.5 18.3 2.3 2.8 ↑AD 3.1 3.0 ↑HC 161.0 

O15144 
Actin-related protein 2/3 complex 

subunit 2 
19.0 18.3 18.6 19.0 16.3 18.6 16.2 14.7 3.1 5.8 ↑AD 0.9 2.6 - 34.3 

O15162 Phospholipid scramblase 1 18.2 19.0 18.6 19.1 18.1 18.7 15.8 15.8 2.0 4.1 ↑AD 2.2 2.8 ↑HC 35.0 

O75131 Copine-3 17.7 17.4 17.6 18.7 18.5 18.2 16.9 15.4 1.1 1.4 - 1.6 2.4 ↑HC 60.1 

P01009 Alpha-1-antitrypsin 20.4 19.9 19.7 19.8 20.0 19.5 16.9 15.1 3.2 6.8 ↑AD 1.9 3.8 ↑HC 46.7 

P01034 Cystatin-C 21.1 22.1 21.5 21.6 20.3 20.6 19.3 19.4 3.3 3.4 ↑AD 1.2 1.5 - 15.8 

P01037 Cystatin-SN 24.3 24.4 24.7 24.0 22.9 24.2 20.2 19.8 3.1 9.9 ↑AD 2.3 3.7 ↑HC 16.4 

P02671 Fibrinogen alpha chain  20.2 18.9 19.9 20.4 19.6 19.7 15.5 17.1 2.8 6.7 ↑AD 1.9 3.6 ↑HC 94.9 

P02675 Fibrinogen beta chain  21.9 20.8 20.9 21.2 21.3 21.3 16.1 15.2 1.8 3.1 ↑AD 3.2 5.6 ↑HC 55.9 

P02679 Fibrinogen gamma chain  22.4 22.0 22.0 22.9 22.8 22.4 19.9 19.4 1.7 4.2 ↑AD 2.8 3.1 ↑HC 51.5 

P04083 Annexin A1 26.5 26.0 26.9 26.8 25.5 26.6 22.5 22.0 2.3 7.2 ↑AD 2.3 4.1 ↑HC 38.7 

P04792 Heat shock protein beta-1  21.3 22.6 23.1 23.3 23.2 23.7 19.3 18.7 2.8 4.2 ↑AD 3.2 4.4 ↑HC 22.8 

P04899 
Guanine nucleotide-binding protein G(i) 

subunit alpha-2 
20.3 20.1 21.0 21.0 20.2 20.9 16.1 16.5 2.3 6.1 ↑AD 2.9 4.4 ↑HC 40.4 

P05107 Integrin beta-2  21.8 20.2 21.1 21.5 21.4 21.3 17.0 14.5 3.1 4.1 ↑AD 2.1 5.7 ↑HC 84.7 

P05109 Protein S100-A8  26.6 26.4 27.0 26.9 26.4 27.3 24.7 25.1 3.5 6.9 ↑AD 1.9 1.9 ↑HC 10.8 

P05164 Myeloperoxidase 26.3 26.6 26.3 26.2 26.3 26.2 24.9 24.2 3.6 4.5 ↑AD 2.1 1.7 ↑HC 83.8 

P06396 Gelsolin 20.5 20.3 21.3 20.9 20.4 21.4 15.1 14.6 2.5 2.5 ↑AD 3.2 6.0 ↑HC 85.6 

P06702 Protein S100-A9 25.7 25.0 25.8 25.8 24.8 24.5 22.5 22.9 4.5 3.2 ↑AD 1.6 2.3 ↑HC 13.2 
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UniProt-

KB Code 
Protein name 

Log2 LFQ abundances AD VS NEG HC VS NEG  

AD HC NEG 
-Log10 

p value 

Fold 

change 

 -Log10 

p value 

Fold 

change 

 MW 

P06703 Protein S100-A6 19.3 19.8 20.9 19.4 19.9 20.6 15.5 14.3 3.8 4.8 ↑AD 2.4 5.1 ↑HC 10.2 

P06731 
Carcinoembryonic antigen-related cell 

adhesion molecule 5 
20.1 17.6 19.3 18.9 19.6 19.7 17.9 16.7 0.7 1.7 - 1.5 2.1 ↑HC 76.7 

P06744 Glucose-6-phosphate isomerase  21.4 21.4 22.2 21.6 21.6 21.8 17.0 15.6 1.5 3.0 ↑AD 2.7 5.4 ↑HC 63.1 

P08246 Neutrophil elastase  27.9 28.5 29.0 27.5 27.6 28.1 25.4 25.8 3.7 5.8 ↑AD 2.3 2.1 ↑HC 28.5 

P08311 Cathepsin G  27.5 28.4 28.3 27.5 26.9 27.7 24.6 25.0 1.3 2.0 ↑AD 2.5 2.6 ↑HC 28.8 

P08493 Matrix Gla protein  22.2 22.6 21.9 21.1 20.4 20.4 16.5 15.4 2.4 3.4 ↑AD 2.5 4.7 ↑HC 12.3 

P08758 Annexin A5 19.0 18.3 19.3 19.0 17.1 19.0 16.6 15.0 2.8 4.0 ↑AD 1.1 2.6 - 35.9 

P08962 CD63 antigen  20.8 18.3 19.4 20.0 18.7 19.2 15.3 14.9 2.8 4.2 ↑AD 2.4 4.2 ↑HC 25.6 

P09211 Glutathione S-transferase P  22.8 23.1 23.2 23.1 22.4 22.5 20.5 20.7 2.4 3.5 ↑AD 2.3 2.1 ↑HC 23.3 

P09228 Cystatin-SA  19.3 17.8 19.2 18.2 16.9 18.5 15.2 15.1 3.2 3.4 ↑AD 1.7 2.8 ↑HC 16.4 

P0C0L4 Complement C4-A 19.4 17.6 17.7 18.9 18.9 18.7 16.2 14.8 1.2 2.7 - 2.1 3.3 ↑HC 192.7 

P0DTE7 Alpha-amylase 1B  26.7 27.0 26.6 25.8 26.6 26.0 23.4 23.2 2.9 5.2 ↑AD 2.4 2.8 ↑HC 57.7 

P11215 Integrin alpha-M  22.0 19.9 20.4 21.9 21.7 20.9 17.8 16.7 2.6 4.5 ↑AD 2.3 4.3 ↑HC 127.1 

P11413 Glucose-6-phosphate 1-dehydrogenase  20.4 20.6 20.5 20.5 20.6 20.4 16.0 15.5 3.6 3.1 ↑AD 3.8 4.7 ↑HC 59.2 

P12273 Prolactin-inducible protein  25.7 24.7 24.3 25.0 24.6 24.0 22.3 22.8 2.8 6.0 ↑AD 1.8 2.1 ↑HC 16.6 

P12429 Annexin A3  23.4 22.8 23.2 23.2 21.3 23.3 18.8 19.5 2.1 4.8 ↑AD 1.5 3.5 ↑HC 36.4 

P13796 Plastin-2  22.8 22.5 22.5 22.4 22.4 22.2 19.0 18.8 3.5 4.0 ↑AD 4.2 3.5 ↑HC 70.2 

P14780 Matrix metalloproteinase-9  19.3 17.9 18.3 19.1 19.8 18.8 16.2 14.5 2.6 2.5 ↑AD 1.8 3.9 ↑HC 78.4 

P15104 Glutamine synthetase 18.5 17.3 18.5 18.5 15.3 17.7 16.5 15.4 2.5 5.4 ↑AD 0.4 1.2 - 42.0 

P17213 
Bactericidal permeability-increasing 

protein  
24.7 24.9 24.7 23.4 23.9 23.4 21.6 21.6 5.3 5.7 ↑AD 2.5 1.9 ↑HC 53.9 

P17931 Galectin-3  19.0 20.1 20.3 20.4 19.7 20.0 15.4 15.5 1.5 3.0 ↑AD 3.3 4.6 ↑HC 26.1 

P20292 
Arachidonate 5-lipoxygenase-activating 

protein  
21.3 21.7 21.9 22.6 22.3 22.1 16.0 15.7 3.3 3.5 ↑AD 4.1 6.5 ↑HC 18.1 

P22079 Lactoperoxidase  20.6 20.7 21.2 20.3 20.2 20.6 17.5 15.0 2.8 5.6 ↑AD 1.6 4.1 ↑HC 80.2 

P23280 Carbonic anhydrase 6  24.0 24.4 24.1 23.2 22.9 23.9 21.5 21.9 2.3 5.3 ↑AD 1.6 1.6 ↑HC 35.3 

P24158 Myeloblastin 23.4 24.2 24.5 23.7 22.6 23.8 21.8 22.0 2.9 2.6 ↑AD 1.2 1.5 - 27.8 
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UniProt-

KB Code 
Protein name 

Log2 LFQ abundances AD VS NEG HC VS NEG  

AD HC NEG 
-Log10 

p value 

Fold 

change 

 -Log10 

p value 

Fold 

change 

 MW 

P28325 Cystatin-D 22.8 22.0 22.2 22.1 20.4 20.8 14.9 16.3 2.2 3.5 ↑AD 2.2 5.5 ↑HC 16.1 

P28676 Grancalcin  22.0 22.7 23.1 23.7 23.4 24.0 19.7 20.2 3.3 5.7 ↑AD 3.1 3.8 ↑HC 24.0 

P29373 Cellular retinoic acid-binding protein 2  20.7 20.1 20.6 20.3 19.6 19.3 15.5 14.3 2.3 3.3 ↑AD 2.4 4.8 ↑HC 15.7 

P29401 Transketolase  20.9 20.8 21.4 20.9 20.8 21.5 15.7 15.0 2.8 9.6 ↑AD 3.2 5.7 ↑HC 67.8 

P30740 Leukocyte elastase inhibitor  23.5 23.4 23.3 23.1 22.5 23.3 18.9 19.4 3.4 7.5 ↑AD 2.7 3.8 ↑HC 42.7 

P31146 Coronin-1A  22.2 22.2 22.7 23.2 22.9 23.1 16.2 15.1 2.5 3.7 ↑AD 3.4 7.5 ↑HC 51.0 

P31930 Cytochrome b-c1 complex subunit 1 18.8 18.8 18.9 19.0 19.8 18.9 16.0 15.2 2.7 3.2 ↑AD 2.3 3.6 ↑HC 52.6 

P32926 Desmoglein-3  19.9 19.9 20.2 21.0 20.4 20.4 18.1 17.0 3.2 5.1 ↑AD 2.1 3.1 ↑HC 107.5 

P36952 Serpin B5  20.0 19.4 20.7 20.6 19.6 20.1 17.0 15.2 3.0 2.5 ↑AD 1.9 4.0 ↑HC 42.1 

P41218 
Myeloid cell nuclear differentiation 

antigen  
22.6 21.7 23.1 23.1 21.9 23.1 16.8 15.3 1.5 3.2 ↑AD 2.5 6.6 ↑HC 45.8 

P47929 Galectin-7  20.2 20.4 20.2 21.7 20.9 20.1 15.4 15.0 4.3 7.1 ↑AD 2.6 5.8 ↑HC 15.1 

P48594 Serpin B4  21.0 20.6 21.4 21.2 20.7 21.1 15.5 14.1 2.0 2.7 ↑AD 2.8 6.2 ↑HC 44.8 

P49913 Cathelicidin antimicrobial peptide  19.1 19.2 19.8 18.3 18.2 19.3 17.0 16.6 1.4 1.9 ↑AD 1.5 1.8 ↑HC 19.3 

P50395 Rab GDP dissociation inhibitor beta  19.2 18.8 19.7 19.4 18.6 19.4 16.1 16.2 1.6 5.4 ↑AD 2.5 2.9 ↑HC 50.6 

P50995 Annexin A11  18.7 18.9 19.4 19.0 19.8 19.6 16.9 15.2 2.7 6.2 ↑AD 1.8 3.4 ↑HC 54.4 

P51159 Ras-related protein Rab-27A  19.2 19.5 20.4 20.7 19.4 20.4 16.1 14.9 3.7 4.2 ↑AD 2.2 4.7 ↑HC 24.9 

P52209 
6-phosphogluconate dehydrogenase, 

decarboxylating  
24.2 24.0 24.3 24.2 23.9 24.1 20.5 20.3 3.9 6.1 ↑AD 3.7 3.7 ↑HC 53.1 

P52566 Rho GDP-dissociation inhibitor 2  20.9 19.6 20.6 20.0 18.8 19.6 15.5 14.2 1.5 2.3 ↑AD 2.2 4.6 ↑HC 23.0 

P54108 Cysteine-rich secretory protein 3  21.6 20.7 21.0 20.6 19.4 20.7 16.0 16.0 2.7 4.7 ↑AD 2.4 4.3 ↑HC 27.6 

P59998 
Actin-related protein 2/3 complex 

subunit 4 
18.9 19.4 18.8 19.6 19.8 17.1 16.0 14.6 3.6 8.0 ↑AD 1.2 3.6 - 10.2 

P59665 Neutrophil defensin 1 27.3 27.6 28.1 27.6 28.6 28.7 26.3 26.3 1.8 1.4 - 1.6 2.0 ↑HC 19.7 

P60174 Triosephosphate isomerase 17.8 18.2 18.9 19.7 19.3 20.1 17.4 17.5 0.9 0.9 - 2.4 2.3 ↑HC 26.7 

P60763 Ras-related C3 botulinum toxin substrate 3  21.7 21.6 22.1 22.1 21.6 21.4 16.5 15.1 2.0 6.2 ↑AD 2.7 5.9 ↑HC 21.4 

P61158 Actin-related protein 3  18.3 18.5 18.7 18.7 17.4 18.9 16.3 14.6 2.9 2.5 ↑AD 1.3 2.9 ↑HC 47.3 

Q01469 Fatty acid-binding protein 5  24.0 24.2 23.7 24.2 23.6 23.5 19.0 14.1 2.6 2.8 ↑AD 1.5 7.2 ↑HC 15.2 
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UniProt-

KB Code 
Protein name 

Log2 LFQ abundances AD VS NEG HC VS NEG  

AD HC NEG 
-Log10 

p value 

Fold 

change 

 -Log10 

p value 

Fold 

change 

 MW 

Q08188 
Protein-glutamine gamma-

glutamyltransferase E  
26.0 24.3 24.9 25.4 24.7 25.1 23.0 22.5 2.6 3.1 ↑AD 2.2 2.3 ↑HC 76.6 

Q16610 Extracellular matrix protein 1  19.8 20.2 20.8 20.7 20.0 20.2 16.1 15.3 1.8 3.8 ↑AD 2.9 4.6 ↑HC 60.6 

Q16851 
UTP--glucose-1-phosphate 

uridylyltransferase  
18.9 19.4 19.4 19.3 19.7 19.6 15.8 16.0 2.7 10.2 ↑AD 3.8 3.6 ↑HC 56.9 

Q8N4F0 BPI fold-containing family B member 2 24.6 24.0 24.2 23.9 23.3 23.6 22.4 22.6 4.2 5.1 ↑AD 1.8 1.2 - 49.1 

Q8TAX7 Mucin-7 25.0 24.2 25.0 23.6 23.7 23.4 17.0 16.5 3.1 1.8 ↑AD 4.2 6.8 ↑HC 39.1 

Q8TDL5 BPI fold-containing family B member 1 23.8 24.0 24.0 24.3 25.0 25.3 22.0 21.8 3.0 4.2 ↑AD 2.4 3.0 ↑HC 52.4 

Q96DA0 Zymogen granule protein 16 homolog B 27.0 26.4 26.9 26.3 24.9 26.1 24.0 24.7 3.9 3.8 ↑AD 1.0 1.4 - 22.7 

Q96DR5 BPI fold-containing family A member 2 26.6 24.8 25.9 24.9 23.1 24.4 21.4 21.8 3.3 2.0 ↑AD 1.5 2.6 ↑HC 27.0 

Q96HE7 ERO1-like protein alpha 18.3 19.1 20.3 20.0 19.5 19.8 16.9 14.1 1.2 2.7 - 1.5 4.3 ↑HC 54.4 

Q9HC84 Mucin-5B  24.6 24.6 24.5 24.3 23.5 23.5 20.9 20.1 2.4 3.7 ↑AD 2.2 3.2 ↑HC 596.0 

Q9HDC9 
Adipocyte plasma membrane-associated 

protein  
20.8 19.4 20.3 20.6 18.9 20.4 16.9 15.1 2.9 6.3 ↑AD 1.6 4.0 ↑HC 46.5 

Q9UBC9 Small proline-rich protein 3  21.3 21.9 23.7 22.3 21.7 22.6 16.1 15.4 3.7 3.7 ↑AD 3.3 6.4 ↑HC 18.1 

Q9UBG3 Cornulin  18.6 20.5 22.6 21.6 20.4 21.1 14.3 15.3 2.6 5.5 ↑AD 2.7 6.2 ↑HC 53.5 
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Fig. 3.7: Venn diagram showing the overlap degree (green) obtained between proteins 

identified in AD and HC IP in R- (yellow) and NR- (sky-blue) conditions.  

 

                                        
 

 
 

 

Fig. 3.8: Venn diagram showing the number of proteins among those identified in R-condition 

as cystatin B interactors were detectable in the molecular weight above 150 kDa in NR-

conditions.  

 

 
  



142 
 

The list of identified cystatin B interactors in R-condition (Table 3.4) was submitted to 

STRING database. The known interactions among the proteins involved are represented in 

the network in Fig. 3.9 where proteins are identified by nodes marked with the proper UniProt-

KB codes, while interactions are visualized by lines in cyan (if from curated databases) and/or 

magenta (if experimentally determined). The network shows the direct interaction between 

S100A8 and S100A9 proteins (UniProt-KB codes P05109 and P06702); MUC-7 and MUC-

5 (UniProt-KB codes Q8TAX7 and Q9HC84); cathelicidin and myeloblastin (UniProt-KB 

codes P49913 and P49913). Another interacting cluster involves the actin-related protein 2/3 

complex in the subunits 2, 3 and 4 (UniProt-KB codes O15144, P61158 and P59998, 

respectively); finally, two other interacting clusters involve 6-phosphogluconate 

dehydrogenase, glucose-6-phosphate 1-dehydrogenase, glucose-6-phosphate isomerase, 

transketolase and triosephosphate isomerase (UniProt-KB codes P52209, P11413, P06744, 

P29401, P60174, respectively); fibrinogen alpha, beta and gamma chains, integrin beta-2 and 

alpha-M, matrix metalloproteinase-9 and cathepsin G (UniProt-KB codes P02671, P02675, 

P02679, P05107, P11215, P14780, P08311, respectively).  

Pathway analysis according to Reactome database was also performed by STRING on all 

cystatin B interactors (Table 3.4) revealing that half of proteins identified are involved in the 

immune system pathway, and specifically in the innate immune system response as shown in 

Table 3.5. The table reports the number of proteins counted in the submitted list with respect 

to the total number of proteins involved in each specific pathway according to the database 

(count in the network). For each pathway, identified by the specific Reactome code, the 

strength of result and FDR correction are also indicated. Even if involving a lower number of 

proteins, other two enriched pathways were found: neutrophil degranulation and the presence 

of antimicrobial peptides, both in strict connection to the immune response.  
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The functional enrichment analysis of cystatin B and its 81 interactors was performed by the 

functional annotation chart in DAVID tool, where a total of 112 enriched GO-terms were 

found (data not shown) for cellular component (CC), molecular function (MF) and biological 

process (BP). Among them, for each GO-term, we checked for the three most representative 

of cystatin B interactome. In Table 3.6, for each category, we reported the three most enriched 

GO-terms, the number and percentage of proteins associated among those listed in table 3.4, 

the p-value and the Benjamini post-test score. The analysis revealed that almost the total 

(more than 90%) of proteins identified are part of the extracellular compartment and that ca. 

20% of them explicate a binding function calcium-dependent which can involve proteases. 

Finally, the biological process enrichment was in agreement with Reactome database 

outcome, since it evidenced roles related to the immune system as the defense against bacteria 

and fungi and the process of phagocytosis (Table 3.5 and 3.6). In Fig. S3.1 (supplementary 

section) it is shown a panoramic of all MF (panel A), CC (panel B) and BP (panel C) annotated 

GO-terms for cystatin B and all its interactors.  
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Fig. 3.9: Network of the known interactions (edges) occurring between proteins (nodes) 

identified as cystatin B interactors. Cyan lines represent interactions identified from curated 

databases, while magenta lines represent interactions experimentally determined. Each 

protein is identified by its UniProt-KB code.  
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Table 3.5: Table result of pathway analysis performed by STRING and based on Reactome 

database on cystatin B and its 81 interactors. In the table the most representative outcomes of 

the network according to the number of proteins involved (count in network) are shown, 

together with the values of strength and FDR. The pathway code according to Reactome is 

also indicated.  

 

 

 

Table 3.6: Three most significant GO-terms for cellular compartment (CC), molecular 

function (MF) and biological process (BP) categories obtained by DAVID tool through 

functional annotation chart analysis. For each term the p-value and Benjamini post-test score 

is reported. Count and percentage columns refers to the number of proteins found involved 

among those listed in Table 3.4.  

 

 

 

  

Pathway Reactome Pathways Count in network Strength FDR 

HSA-168256 Immune System 42 of 1956 0.71 2.95E-17 

HSA-168249 Innate Immune System 40 of 1025 0.97 4.92E-25 

HSA-6798695 Neutrophil degranulation 27 of 473 1.14 2.51E-19 

HSA-6803157 Antimicrobial peptides 10 of 87 1.44 3.27E-08 

HSA-6803157 Hemostasis 12 of 605 0.68 1.17E-02 

Category Term Count % PValue Benjamini 

CC GO:0070062 extracellular exosome 76 of 82 93.8 5.97E-55 8.78E-53 

CC GO:0005615 extracellular space 44 of 82 54.3 6.61E-28 4.86E-26 

CC GO:0005576 extracellular region 23 of 82 28.4 1.01E-06 4.97E-05 

MF GO:0002020 protease binding 9 of 82 11.1 1.86E-08 3.06E-06 

MF GO:0005509 calcium ion binding 15 of 82 18.5 3.84E-06 3.17E-04 

MF GO:0048306 calcium-dependent protein binding 6 of 82 7.4 6.57E-06 3.61E-04 

BP GO:0042742 defense response to bacterium 9 of 82 11.1 3.96E-07 2.40E-04 

BP GO:0006909 phagocytosis 6 of 82 7.4 2.96E-06 8.98E-04 

BP GO:0050832 defense response to fungus 5 of 82 6.2 7.33E-06 1.48E-03 
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After the characterization of cystatin B interactors found enriched in HC and AD with respect 

to NEG in R-condition (Table 3.4), we compared LFQ abundances of the same proteins 

between AD and HC groups. Firstly, we performed a quality check of the peptides extraction 

from each gel lane in AD and HC. In Figure 3.10 is reported the sample abundances chart 

prior (panel A) and after (panel B) the LFQ abundances normalization performed by PD 

software on the total peptide amount. Variances were comparable among each sample and 

further improved after normalization, so that any possible difference measurable between AD 

and HC subjects was not attributable to uneven extraction of peptides from SDS-PAGE gels. 

Perseus statistics was applied again and results of Student t-test were visualized by Volcano 

Plot as shown in Figure 3.11 where proteins considered significantly increased or decreased 

(p < 0.05 and s0 ±1) are marked in red. Specifically, triosephosphate isomerase (UniProt-KB 

code P60174) and grancalcin (UniProt-KB code P28676) resulted significantly decreased in 

AD group with respect to HC, while bactericidal permeability-increasing protein (UniProt-

KB code P17213), matrix Gla protein (UniProt-KB code P08493) and MUC-7 (UniProt-KB 

Q8TAX7) resulted significantly increased in AD group with respect to HC. Perseus output 

matrix reporting p-values and fold change calculated after the Student t-test is shown in Table 

3.7 for proteins resulted significantly variated in AD group with respect to HC. p-values and 

fold change of proteins resulted unmodified in the two groups are shown in Supplementary 

Table S3.4.  

 

 

  



147 
 

Fig. 3.10: PD sample abundances chart at protein level prior (panel A) and after (panel B) the 

normalization of LFQ abundances with respect to the total peptide amount in AD and HC 

groups (R-Condition). 

 

 

 

Fig. 3.11: Volcano Plot of significant increased (red dots on the right) or decreased (red dots 

on the left) proteins in AD with respect to HC group marked with their UniProt-KB codes.  
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Cystatin B was used as bait protein in the Co-IP assays. Its level was found unchanged 

between AD and HC with a p-value of 0.6 and a fold change of 1 (Table S3.4). We checked 

in PD software the quantification channels of cystatin B LFQ abundances in the triplicate of 

both groups when performing the Co-IP assays (Fig. 3.12) and we observed a grouped ratio 

AD/HC of 2.2 representing the mean of cystatin B LFQ measured in each group’s replicate. 

This result agreed with Part I of the present thesis, where we showed how cystatin B levels in 

the acid soluble fraction of saliva from patients’ group increased with respect to controls. 

Even if there was no significant change in the levels of cystatin B when performing the Co-

IP assay of whole saliva pools from AD and HC subjects, considering the different ratio in 

the relative LFQ abundances observed, we performed again Perseus statistics to verify if there 

was any difference in the ratio bait/preys proteins between the patients and the controls. To 

do this, we calculated the ratio between LFQ abundances of cystatin B and the LFQ 

abundances of its 81 interactors in each replicate from AD and HC, then we performed again 

the statistical analysis with Perseus. Results of Student t-test are shown in Figure 3.13 where 

significantly variated proteins (p < 0.05 and s0 ±1) are marked in red. Specifically, three 

proteins resulted significantly decreased in their stoichiometric ratio with the bait protein in 

AD group: galectin-7 (UniProt-KB code P47929), copine-3 (UniProt-KB code O75131) and 

integrin alpha-M (UniProt-KB code P11215). Perseus output matrix reporting p-values and 

fold change calculated after the Student t-test is shown in Table 3.8 for proteins resulted 

significantly variated in AD group with respect to HC. p-values and fold change of proteins 

resulted unmodified in the two groups are shown in Supplementary Table S3.5.  
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Fig. 3.12: PD Quan channels of cystatin B showing the grouped relative abundance in AD 

and HC groups.   

 
 

 

Fig. 3.13: Volcano Plot of significant decreased proteins (red dots on the left marked with 

relative UniProt-KB codes) in AD with respect to HC group when comparing the 

stoichiometric ratio of proteins with respect to cystatin B in the two groups.  
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Table 3.7: Perseus matrix of proteins significantly changed between AD and HC groups after statistics of cystatin B and its 81 interactors. For 

each protein it is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p-value and the fold change 

calculated by Perseus. 

  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name             AD HC -Log10 p value Fold change  

P17213 Bactericidal permeability-increasing protein  24.7 24.9 24.7 23.3 23.8 23.3 2.7 1.2 ↑AD 

P08493 Matrix Gla protein  22.1 22.6 21.9 21.1 20.3 20.4 2.1 1.6 ↑AD 

Q8TAX7 Mucin-7  25.0 24.2 25.0 23.6 23.7 23.4 1.9 1.2 ↑AD 

P60174 Triosephosphate isomerase  17.8 18.2 18.9 19.6 19.3 20.1 1.6 -1.4 ↓AD 

P28676 Grancalcin  22.0 22.7 23.1 23.7 23.4 24.0 1.4 -1.1 ↓AD 

 

 

 

Table 3.8: Perseus matrix after statistics of  stoichiometric ratios between the 81 cystatin B interactors and cystatin B itself between AD and HC 

groups. For each protein it is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p-value and the fold 

change calculated by Perseus. 

  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name             AD HC -Log10 p value Fold change  

P47929 Galectin-7  -6.3 -5.5 -5.4 -4.6 -3.9 -3.9 1.9 -1.6 ↓AD 

O75131 Copine-3  -8.8 -8.5 -8.0 -7.7 -6.2 -5.8 1.5 -1.9 ↓AD 

P11215 Integrin alpha-M  -4.6 -6.0 -5.2 -4.5 -3.0 -3.1 1.3 -1.7 ↓AD 
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DISCUSSION 

 

Salivary cystatin B is involved in a multiprotein complex  

Cystatin B is a small protein of 98 amino acids with a single cysteine in position 3 of its 

sequence, whose crystal structure has been determined in complex with papain185.  In human 

saliva from adult individuals (age range 20-50 years old), cystatin B has been mainly detected 

as S-derivatives, being the unique cysteine glutathionylated, cysteinylated or engaged in a 

disulfide bridge to form a protein homo-dimer, while the unmodified monomeric cystatin B 

resulted almost undetectable186. Non-covalent mechanisms of protein oligomerization have 

also been proposed in vitro in the model of domain-swapping for the dimeric form and the 

isomerization from trans to cis of a proline residue to form a cystatin B tetrameric structure187. 

Cipollini and colleagues studied the ability of cystatin B to form aggregates using cellular 

systems and they found that cystatin B has a polymeric structure prone to aggregate when 

overexpressed, but with a different mechanism compared to in vitro studies, considered that 

the formation of polymers seemed to be determined by the addition of a single cystatin B 

monomer at a time175. In the present study, we evidenced the presence of cystatin B in 

molecular weight ranges considerably higher than those expected for its monomeric or 

dimeric forms. To investigate the presence of cystatin B polymers or multiprotein complexes 

cystatin B-related in saliva, we performed Co-IP assays using cystatin B as bait protein and 

we characterized for the first time, in R-condition, 81 protein partners defining cystatin B 

interactome. Among these, 54 proteins including cystatin B where also characterized when 

working in NR-condition in the molecular weight range over 150 kDa, through SDS-PAGE 

followed by nanoHPLC-HR-MS/MS analyses. The signal of cystatin B was also specifically 

revealed by western blot in the range of the SDS-PAGE gel corresponding to more than 250 

kDa, while in the natural occurring molecular weight ranges it was still possible to detect 
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cystatin B in its monomeric and dimeric form, evidencing how this protein exists in different 

conformations in human saliva. Our results showed that a subset of proteins found co-

immunoprecipitated together with cystatin B were resistant to SDS 2% denaturation, while 

others showed a weaker interaction and were efficiently separated also in absence of a 

reducing agent. We did not interpret this result as the presence of covalent interactions 

involving all the 54 proteins interested, neither cystatin B could be the core protein structure 

of the covalent interactions of the multiprotein complex if we consider the presence of a 

unique cysteine in its sequence. We, instead, looked for known interactions among identified 

proteins using STRING database and we observed few proteins’ clusters having different 

binding sites and interacting between each other (Fig. 3.9) which more likely might be able 

to aggregate with different protein partners, forming a core structure resistant to SDS 

denaturation that includes cystatin B. Indeed, with the exception of cathelicidin, myeloblastin, 

integrins alpha-M/beta-2 and matrix metalloproteinase-9, all the proteins shown in the 

network in Fig. 3.9 are part of the 54 proteins resistant to SDS denaturation. Our experimental 

design did not provide structural information about the multiprotein-complex, so we could 

not determine how proteins were directly or indirectly interacting between each other. 

Anyways, our results agreed with Cipollini and colleagues hypothesis: cystatin B is able to 

form polymeric structures SDS-resistant in vivo and those polymers are able to interact with 

different proteins175. In fact, we cannot exclude the presence of long cystatin B polymers in 

the medium/high molecular ranges of our assays (over 150 kDa), formed by the addition of 

one cystatin B monomer at the time as described by Cipollini et al.175 or the result of the 

assembly of monomer and disulfide dimer proteoforms of cystatin B.  

In this study, considered the limited volume of whole saliva available from AD patients, we 

performed the cystatin B Co-IP assay in a single pool from AD patients and a single pool from 

healthy subjects. Working on pools prevented the manifestation of individual differences, thus 
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the 81 cystatin B interactors characterized in reducing condition were always detectable in 

both groups and in each replicate. Due to its structure, cystatin B is able to interact and inhibit 

cathepsins B, L and H, the lysosomal cysteine proteases of the papain family188. None of them 

was found co-immunoprecipitated with cystatin B in the present study. The same evidence 

was found by Di Giaimo and colleagues when studying partners of cystatin B in rat 

cerebellum: through the two hybrid system they found that cystatin B was part of a tissue-

specific multiprotein complex together with cytoplasmic proteins involved in the regulation 

of cytoskeletal functions but not with any protease177. This result agrees with some of the 

proteins identified in this study, like actin-related proteins (Arps). The presence of proteins 

capable of remodeling the actin cytoskeleton, like Arps189, is also coherent with neutrophil 

degranulation pathway, which was found enriched by Reactome database190,191. Neutrophil 

granulocytes are the most abundant white blood cells in human circulation which show a key 

role in the host defense against invading pathogens and tissue injury. The reorganization of 

actin and cytoskeleton is required for degranulation of all types of granules and release of 

granule proteins to the phagosome or the extracellular milieu192. The translocation and 

exocytosis of granules in neutrophils require the increase in intracellular levels of Ca2+, 

mediated by numerous target proteins which include Ca2+-binding proteins as annexins and 

calmodulin193; interestingly, calcium ion binding and calcium-dependent protein binding were 

two of the three most enriched GO-terms for molecular function of cystatin B and its 

interactors, among which we identified different annexins (A1, A3, A5, A11), but also other 

proteins like grancalcin, gelsolin, plastin-2, S100A6, which can participate in the adhesion of 

neutrophils to fibronectin194,195 and also play a role in the reorganization of actin 

cytoskeleton196–198. The involvement of proteins able to modulate the dynamics in the 

cytoskeleton is very interesting considering the results of the first and second Part of this 

thesis, particularly as far as T4 is concerned. Indeed, T4, which we found up-regulated in 
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saliva of patients with AD, is the main actin assembly modulator105, and this lead to think that 

also the peptide could be involved in the cystatin B multi-protein complex identified in this 

study. Our experimental evidence did not allow either to confirm or deny its presence in the 

Co-IP of cystatin B, probably due to a technical limitation of our experimental protocol. 

However, the identification of proteins functionally correlated with T4, which was candidate 

as AD salivary biomarker through the studies here presented, was amazing and suggested the 

need to further investigate.     

Among the other proteins participating in the cystatin B interactome, we identified 

myeloperoxidase and CD63, which are specific markers of primary granules of the 

neutrophils191. These granules contain many other different antimicrobial proteins and 

peptides191, some of which were identified as cystatin B interactors like elastase and cathepsin 

G (both serine proteases), bactericidal permeability-increasing protein, and -defensin 1.   

-defensins 1, 2, 3 and 4 were found increased in AD group with respect to elderly healthy 

subjects in our previous investigation of the acid soluble fraction of saliva, as described in the 

Part I of the thesis. Although the strong correlation of these anti-microbial peptides in human 

saliva, as demonstrated in Part II of the thesis, -defensin 1 was the only identified in the 

multi-protein complex co-immuno-precipitated with cystatin B.   

The results found on S100A8 and S100A9 participation in cystatin B interactome were 

interesting for two reasons: i) they are indicated by our studies described in Part I e Part II, 

and by other research groups164, as biomarker candidates for diagnosis of AD and for 

classification; ii) they represent the main protein content of neutrophils199, by which are 

constitutively expressed as a Ca2+ sensor, participating in cytoskeleton rearrangement and 

arachidonic acid metabolism164. During inflammation, S100A8 and S100A9 are released and 

exerts a critical role in modulating the inflammatory response by stimulating leukocyte 

recruitment and inducing cytokine secretion.  
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Other cystatin B interactors found in this study were integrin alpha-M/beta-2 complex, which 

can further interact with matrix metalloproteinase-9, that shows itself a role in the regulation 

of neutrophil migration200, and fibrinogen alpha, beta and gamma chains. Integrin alpha-

M/beta-2 complex can indeed promote neutrophil adhesion ligand in vivo and can interact 

both with fibrinogen and complement system201,202. Additionally, a cluster of proteins 

involved in metabolism was also part of the protein complex cystatin B-linked including 6-

phosphogluconate dehydrogenase, glucose-6-phosphate 1-dehydrogenase, glucose-6-

phosphate isomerase, transketolase and triosephosphate isomerase (TPI), actively involved in 

the pentose phosphate pathway and glycolysis219. Moreover, several protease inhibitors have 

been identified as cystatin B interactors, such as alpha-1-antitrypsin that is a SERPIN 

principally involved in the regulation of the protease activity in inflammatory response203, 

serpin B4, which is a serine protease inhibitor204, cystatin C, D, SA and SN, inhibitors of 

endogenous cathepsin161, and extracellular matrix protein 1, which specifically inhibits the 

proteolytic activity of matrix metalloproteinase-9205.   

 

Differences between AD patients and HC subjects in salivary cystatin B interactome  

Even if patients with AD and healthy controls exhibited the same protein pattern of the 

cystatin B interactome, some proteins were found differentially expressed between the two 

groups. TPI, which is a glycolytic enzyme that catalyzes the interconversion between 

glyceraldehyde 3-phosphate and dihydroxyacetonephosphate, resulted down-regulated in the 

patients. Inefficiency in glycolysis is a phenomena characteristic of AD pathology206,207.  

A aggregates, typical of AD pathology, increase the levels of H2O2 and advanced glycation 

end products91. As a result of oxidative stress, irreversible nytrosilation of proteins in tyrosine 

residues can occur and one of the proteins found more nitrotyrosinated in AD is TPI, whose 

functional deficiency is associated with neurodegeneration208,209. Nitrotyrosinated TPI was 
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not measured in our study, but the reduced level in AD of the native enzyme could be the 

result of the increased levels of the oxidized form. 

Also grancalcin was down-regulated in AD group. It is a Ca2+ binding protein specifically 

expressed in neutrophils, for which a functional role in the adhesion to fibronectin has been 

proposed via the functional interaction with integrins195. Neutrophil granules also contain 

bactericidal permeability-increasing protein191, an antibacterial polypeptide cytotoxic to 

Gram-negative bacteria210, which in this study was found up-regulated in AD patients. Mucin-

7 showed significantly higher levels in cystatin B interactome of AD patients with respect to 

healthy controls. This is a small secreted MUC involved in the antimicrobial humoral immune 

response of the oral cavity, where it participate in the clearance of bacteria 211. The increasing 

level of antimicrobial proteins/peptides in cystatin B interactome of AD patients with respect 

to HC observed in the present study is coherent with our previous findings in the acid soluble 

fraction of saliva146, where we observed the establishment of  several protective mechanisms 

in the AD patients against pathogen-targeting agents generating infections and inflammatory 

conditions. Finally, matrix Gla protein was found up-regulated in the cystatin B interactome 

of AD patients. To our knowledge, to date, there is no evidence of its implication in AD and 

the role this protein may exert in the interactome is unclear. Matrix Gla protein is a Ca2+ 

binding protein and a structural constituent of the extracellular matrix212. Recently, Freitas 

and colleagues evidenced that the study of modifications in the extracellular proteins of CNS 

with a focus on neurodegeneration disorders like Alzheimer, Parkinson and Huntington's 

diseases, can reveal the involvement of specific pathways and biological processes disease-

related213. The functional enrichment analysis of cystatin B interactome revealed that more 

than 90% of proteins identified are part of the extracellular compartment, but the specific 

variations of extracellular proteins in the oral cavity of AD patients, which are independently 

expressed in saliva with respect to cystatin B interactome, require further investigations.    
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When measuring the ratio of cystatin B interactors and cystatin B itself in AD and HC groups, 

we found that three proteins were significantly down-regulated in the patients’ interactome as 

a result of a different stoichiometric ratio with the bait protein. One is galectin-7, a beta-

galactoside-binding protein implicated in modulating cell-cell and cell-matrix interactions214. 

The ability of galectin-7 to induce the expression of matrix metalloproteinase-9 has been 

observed in different kinds of cancer, including oral squamous cell carcinoma215, but we did 

not observed such activity or interaction between the two proteins in our investigation, 

considering that the levels of matrix metalloproteinase-9 were found unchanged between AD 

and HC subjects. The other two are copine-3, a Ca2+ binding protein216, and integrin alpha-M.  

Integrin alpha-M is a protein with A binding activity, whose gene mutations have been 

related to activated microglia in transgenic mouse model and indicated as risk factors in 

response to A deposition in AD217. Noteworthy, the lower level of stoichiometric ratio 

detected between integrin alpha-M and cystatin B in AD patients interactome appears specific, 

considering that no difference was measured in the levels of integrin beta-2, a direct protein 

partner of integrin alpha-M202. Furthermore, other proteins involved in AD and in A binding 

as cystatin C218, which was also characterized among cystatin B interactors in both AD and 

HC, did not show any difference in its level between the two groups. These results suggested 

that in saliva from AD patients, galectin-7, copine-3 and integrin alpha-M were less efficiently 

incorporated onto cystatin B interactome. If this was due to their lower expression in saliva 

of AD patients or if the degree of interactions is modified by a different arrangement of 

proteins within the complex, remains to be clarified. 

To our knowledge, this is the first-time cystatin B interactome is investigated and described 

in saliva. Our study revealed that cystatin B exists in different forms and its prone to aggregate 

with other proteins in human saliva, more likely exhibiting a polymeric structure itself. 

Among cystatin B interactors, a strong evidence of proteins participating in neutrophil 
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composition and degranulation was observed. Moreover, the cystatin B interactome appeared 

similar between patients and controls except for the abundance of some partners, some of 

which were already found implicated in the disease, as TPI, while others have unknown 

function disease-related as matrix Gla protein. Among the future perspectives, it is of high 

relevance to demonstrate through a reverse Co-IP followed by western blot and/or HR-

MS/MS analysis, the same interactions obtained when using cystatin B as bait protein. Finally, 

to better understand how proteins interact within each other from a stochiometric perspective 

and which functions this multiprotein complex could explicate in saliva, it might be helpful 

to isolate it in a native form and to submit it to structural proteomic investigations, as well as 

investigating the involvement of cystatin B and its partners in the formation of larger 

circulating immune-complexomes (CICs). Indeed, CICs are detectable in different body 

fluids, as serum and CSF219,220, but also in saliva221. Immune-complexomes (ICs) form 

naturally in vivo to complete a humoral immune response of the body to an antigen and they 

are generally effectively removed by the system of mononuclear phagocytes222. ICs formation 

constantly occurs in healthy organisms: denatured proteins, antigens of bacteria, and dead 

cells undergo binding to natural antibodies followed by subsequent elimination by 

macrophages, but in some cases they can reflect immunological abnormalities caused by 

disease, especially for autoimmune diseases223, also in the CNS220. Furthermore, because 

CICs contains many different antigens that could reflect a pathological condition and/or 

differences between individuals, it has been suggested that in some contexts their study might 

be more effective than the immunoblotting detection of individual antigens223. ICs in saliva 

have been recently described for the first time in the context of Sjögren’s syndrome221 where 

among the most representative antigens incorporated in CICs there where -defensin 1, small 

proline-rich protein, myeloperoxidase, neutrophil elastase and cathepsin G. The authors 

evidenced the involvement of neutrophil degranulation, suggesting that a repeated destruction 
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of neutrophils due to abnormal autoimmunity could be in part responsible of the Sjögren’s 

syndrome221. Considering half of the proteins found interacting with cystatin B were involved 

in the immune system pathway, with a clear participation of proteins deriving from 

neutrophils and neutrophil degranulation, their potential involvement in CICs in saliva of 

healthy subjects and/or AD patients stays open, and it will be the object of future 

investigations.        
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GENERAL CONCLUSIONS 

 

The results obtained in the present thesis open several future perspectives on the study of the 

salivary protein profile of AD subjects and the application of proteomics studies to human 

saliva in general. In Part I and II few proteins and peptides, namely S100A8 and S100A9 

proteins and their oxidized proteoforms, cystatin A and B, T4 and -defensins, appeared to 

be potential biomarker candidates for AD in the acid-soluble fraction of human saliva. In the 

future, it will be relevant to carry out salivary proteomic studies onto cohorts of AD patients 

at different disease severity status (mild, moderate, severe) to investigate the levels of these 

specific proteins and to individuate potential biomarkers useful for the disease early diagnosis. 

Additionally, the application of Random Forest multivariate analyses to larger groups 

including  different neurological disorders will be tested for the classification of subjects 

according to their salivary protein profiles in a more complex statistical environment.  

Finally, in the Part III of the present thesis, the participation of cystatin B into a multiprotein 

complex was highlighted with few differences at quantity level between AD patients and 

healthy subjects. In the future, the isolation of the multiprotein complex in its native form will 

help to study the physical connections between proteins and to individuate probable biological 

functions  related to the complex and to cystatin B specifically.
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PART III SUPPLEMENTARY SECTION 
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Table S3.1: Demographic data of 28 HC subjects and 28 AD patients included in the acid 

salivary pools used to perform western blot analysis of cystatin B signals. For each subject it 

is indicated the TPC of the acid-soluble fraction of saliva determined by BCA assay. 

 

HC subjects Sex and age TPC g/ml AD Patients Sex and age TPC g/ml 

#1 M, 70 1310.0 #1 M, 82 1860.0 

#2 M, 85 1443.0 #3 M, 85 1142.0 

#3 F, 84 1011.0 #5 F, 63 1116.0 

#4 M, 82 1226.0 #6 M, 78 1853.0 

#5 F, 81 1580.0 #7 M, 85 2316.0 

#6 F, 81 810.0 #8 F, 81 277.1 

#7 F, 79 1772.0 #9 F, 78 564.7 

#8 M,74 1050.0 #10 M, 85 580.3 

#9 M, 71 1366.0 #11 F, 80 781.9 

#11 M, 76 1382.0 #13 F, 79 1136.0 

#12 F, 77 1828.0 #14 F, 82 2051.0 

#13 M, 74 891.7 #16 F, 83 827.0 

#14 M, 87 1376.0 #17 F, 63 442.7 

#15 M, 73 638.6 #18 F, 80 756.0 

#16 F, 81 1082.0 #19 F, 80 867.8 

#17 F, 82 1108.0 #20 M, 87 302.4 

#18 F, 72 1047.0 #21 M, 81 472.7 

#19 F, 86 1115.0 #22 M, 87 484.0 

#20 F, 73 2121.0 #23 F, 75 529.1 

#22 F, 78 792.5 #25 F, 83 499.7 

#24 F, 78 648.9 #26 F, 84 791.5 

#25 F, 75 1636.0 #27 F, 81 873.5 

#26 M, 75 897.8 #30 M, 86 721.2 

#28 M, 78 625.8 #34 F, 77 863.9 

#29 M, 73 655.5 #35 M, 87 1307.0 

#30 F, 76 694.7 #36 M, 84 576.4 

#31 F, 81 455.6 #37 F, 77 1400.0 

#35 M, 80 722.2 #38 F, 78 801.8 
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S3.2: Proteins identified by PD software with high confidence and at least 2 unique peptides. The symbol “●” indicates in which group and 

condition the protein was identified; “●*” indicates proteins identified in AD and HC (NR-condition) by a unique peptide. At the bottom, the 74 

proteins excluded as contaminants deriving from both sample manipulation and the sample itself. For each protein, the score from CRAPome is 

reported; “unmapped” refers to proteins not recognized by the database. Proteins marked in red represent proteins identified as unspecific 

interactors according to one or both following conditions: i) a CRAPome score ratio found/total over the 25% of total experiments deposited in 

the database; ii) enrichment (↑) in NEG or “unchanged” LFQ levels between NEG and AD and HC groups (R-Condition only). Except for proteins 

considered contaminants, the multiply-charged ions (m/z) used by PD for HR-MS/MS characterization are indicated. 

 

UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

P31946 14-3-3 protein beta/alpha ●  ● 368 / 716 
533.58 (+3); 452.26 (+2); 454.26 (+2);  

591.78 (+2) 
↑AD, ↑HC 

P61981 14-3-3 protein gamma ●   332 / 716 
822.39 (+2); 412.89 (+3); 452.26 (+2);  

454.26 (+2) 
Unchanged 

P31947 14-3-3 protein sigma ●  ● 314 / 716 

489.26 (+3); 531.58 (+3); 591.29 (+2);  

452.26 (+2);  

454.26 (+2); 535.77 (+2); 462.89 (+3) 

↑AD, ↑HC 

P63104 14-3-3 protein zeta/delta ●  ● 410 / 716 

774.86 (+2); 427.22 (+3); 652.84 (+2);  

576.28 (+2); 454.26 (+2); 1020.99 

(+2); 502.27 (+3) 

↑AD, ↑HC 

P08865 40S ribosomal protein SA ●   335 / 716 602.33 (+2); 456.78 (+2) ↑AD, ↑HC 

P52209 
6-phosphogluconate dehydrogenase, 

decarboxylating 
● ● ● 122 / 716 

714.39 (+2); 796.40 (+2); 596.79 (+2);  

474.78 (+2); 676.29 (+2); 561.28 (+2); 

568.77 (+2); 512.93 (+3); 464.59 (+3); 

440.23 (+2) 

↑AD, ↑HC 

P62906 60S ribosomal protein L10a ●   280 / 716 495.60 (+3); 483.75 (+2) ↑AD, ↑HC 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

O15144 
Actin-related protein 2/3 complex 

subunit 2 
●  ● 71 / 716 551.25 (+2); 515.31 (+2); 587.60 (+3) ↑AD 

P59998 
Actin-related protein 2/3 complex 

subunit 4 
●  ● 111 / 716 593.84 (+2); 505.28 (+2); 474.77 (+2) ↑AD 

P61158 Actin-related protein 3 ●  ● 137 / 716 
649.33 (+2); 622.30 (+2); 529.27 (+2);  

474.24 (+2) 
↑AD, ↑HC 

P23526 Adenosylhomocysteinase ●  ● 232 / 716 567.81 (+2); 628.85 (+2); 442.78 (+2) Unchanged 

Q01518 Adenylyl cyclase-associated protein 1 ●  ● 182 / 716 
618.30 (+2); 404.90 (+3); 747.80 (+2);  

442.75 (+2); 436.26 (+2) 
↑AD, ↑HC 

Q9HDC9 
Adipocyte plasma membrane-

associated protein 
●  ● 38 / 716 

524.25 (+2); 555.29 (+2); 643.86 (+2);  

549.78 (+2); 622.83 (+2); 456.75 (+2) 
↑AD, ↑HC 

P61204 ADP-ribosylation factor 3 ●   261 / 716 552.31 (+2); 545.32 (+2) ↑AD, ↑HC 

P05141 ADP/ATP translocase 2 ●   525 / 716 
610.30 (+2); 476.24 (+2); 610.34 (+2);  

451.74 (+2) 
↑AD, ↑HC 

P02768 Albumin ● ● ● 239 / 716 

547.32 (+3); 829.38 (+2); 637.65 (+3);  

575.31 (+2); 722.32 (+2); 679.82 (+2);  

569.75 (+2); 686.29 (+2); 492.75 (+2);  

500.80 (+2); 440.72 (+2); 543.25 (+3);  

386.72 (+2); 480.78 (+2); 467.26 (+2);  

395.24 (+2); 470.73 (+2); 432.90 (+3);  

725.77 (+2); 756.42 (+2); 464.25 (+2);  

409.54 (+3); 507.30 (+2);376.90 (+3);  

387.45 (+4); 476.22 (+2); 682.37 (+3) 

↑AD, ↑HC 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

P01009 Alpha-1-antitrypsin ●  ● 2 / 716 
504.75 (+2); 508.31 (+2); 917.46 (+2);  

555.80 (+2) 
↑AD, ↑HC 

A8K2U0 Alpha-2-macroglobulin-like protein 1 ● ● ● 12 / 716 

530.31 (+2); 501.28 (+2); 726.85 (+2);  

690.34 (+2); 590.80 (+2); 494.95 (+3);  

539.78 (+2); 466.76 (+2); 690.38 (+2) 

↑AD, ↑HC 

P0DTE7 Alpha-amylase 1B ● ● ● 5 / 716 

501.72 (+2); 544.98 (+3); 550.34 (+2);  

724.32 (+3); 870.39 (+2); 862.40 (+3);  

777.82 (+2); 524.23 (+3); 645.66 (+3);  

645.81 (+2); 907.90 (+2); 472.24 (+3);  

822.38 (+3); 476.57 (+3); 577.28 (+3);  

768.33 (+3); 429.90 (+3); 863.90 (+2);  

539.27 (+3); 500.24 (+2); 399.86 (+3);  

442.73 (+2); 521.78 (+2), 644.35 (+2);  

714.35 (+2); 580.60 (+3)  

↑AD, ↑HC 

P06733 Alpha-enolase ● ● ● 478 / 716 

514.59(+3); 572.31 (+2); 817.41 (+2);  

713.37 (+2); 450.28 (+2); 457.47 (+4);  

778.89 (+2); 785.06 (+3); 770.89 (+2);  

703.86 (+2); 760.42 (+2); 915.13 (+3);  

381.88 (+3); 504.25 (+2) 

↑AD, ↑HC 

P04083 Annexin A1 ● ● ● 68 / 716 

775.91 (+2); 694.39 (+2); 515.29 (+3);  

560.31 (+3); 689.97 (+3); 851.95 (+2);  

786.06 (+3); 612.34 (+3); 870.37 (+2);  

491.75 (+2); 452.89 (+3); 477.01 (+4)  

631.80 (+2); 547.60 (+3); 386.56 (+3);  

607.27 (+2); 457.93 (+3); 415.26 (+2);  

540.75 (+2); 454.73 (+2); 402.74 (+2);  

458.75 (+2); 532.75 (+2); 415.25 (+2);  

↑AD, ↑HC 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

560.60 (+3); 573.27 (+3); 568.30 (+3);  

382.21 (+2) 

P50995 Annexin A11 ●  ● 55 / 716 
531.28 (+2); 526.76 (+2); 668.81 (+2);  

483.74 (+2) 
↑AD, ↑HC 

P07355 Annexin A2 ● ● ● 398 / 716 

771.93 (+2); 615.64 (+3); 647.33 (+3);  

556.28 (+2); 544.30 (+2); 564.79 (+2);  

611.80 (+2); 622.81 (+2); 689.00 (+3);  

711.35 (+2); 543.75 (+2); 954.94 (+2); 

381.23 (+2); 556.61 (+3); 889.43 (+2);  

451.89 (+3) 423.22 (+3) 

↑AD, ↑HC 

P12429 Annexin A3 ● ● ● 3 / 716 

611.81 (+2); 484.26 (+2); 571.93 (+3);  

721.36 (+2); 675.83 (+2); 837.44 (+2);  

546.31 (+2); 793.35 (+2); 739.88 (+2);  

537.29 (+2); 472.23 (+2); 465.27 (+2);  

509.77 (+2); 891.41 (+2); 489.77 (+2) 

↑AD, ↑HC 

P08758 Annexin A5 ●   80 / 716 501.30 (+2); 507.76 (+2) ↑AD 

P03973 Antileukoproteinase ● ● ● 4 / 716 

692.83 (+2); 514.26 (+3); 555.72 (+2);  

826.03 (+3); 540.57 (+3); 637.62 (+3);  

524.61 (+3); 545.79 (+2); 984.40 (+3) 

Unchanged 

P02647 Apolipoprotein A-I ● ●  17 / 716 
434.55 (+3); 405.88 (+3); 529.27 (+3);  

693.86 (+2);  806.90 (+2); 700.84 (+2) 
Unchanged 

P20292 
Arachidonate 5-lipoxygenase-

activating protein 
●  ●* 0 / 716 599.81 (+2); 447.74 (+2); 552.28 (+2) ↑AD, ↑HC 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

P25705 
ATP synthase subunit alpha, 

mitochondrial 
●  ● 496 / 716 

513.80 (+2); 438.75 (+2); 586.32 (+2);  

518.58 (+3); 720.33 (+2); 570.98 (+3);  

500.79 (+2) 

↑AD, ↑HC 

P06576 
ATP synthase subunit beta, 

mitochondrial 
●  ● 427 / 716 

488.28 (+2); 611.29 (+3); 718.38 (+2);  

469.56 (+3); 544.82 (+2); 599.66 (+3);  

701.35 (+2) 

↑AD, ↑HC 

P20160 Azurocidin ● ● ● 0 / 716 

413.54 (+3); 753.40 (+2); 574.77 (+2);  

978.81 (+3); 420.20 (+2); 744.88 (+2);  

619.82 (+2); 807.88 (+4); 1024.81 (+3) 

Unchanged 

P17213 
Bactericidal permeability-increasing 

protein 
● ● ● 1 / 716 

438.23 (+3); 775.89 (+2); 628.34 (+2);  

497.27 (+2); 464.54 (+3); 995.52 (+2);  

536.25 (+2); 521.82 (+2); 795.74 (+3);  

478.27 (+2); 930.81 (+3); 464.54 (+3);  

417.87 (+3) 

↑AD, ↑HC 

Q96DR5 
BPI fold-containing family A  

member 2 
● ● ● 0 / 716 

666.38 (+2); 551.33 (+2); 567.83 (+2);  

481.78 (+2); 556.86 (+2); 436.26 (+2);  

445.74 (+2); 450.78 (+2); 643.02 (+3);  

450.75 (+2) 

↑AD, ↑HC 

Q8TDL5 
BPI fold-containing family B 

member 1 
● ● ● 6 / 716 

480.77 (+2); 815.95 (+2); 505.92 (+3); 

662.34 (+2); 836.44 (+2); 410.91 (+3); 

443.27 (+2); 654.00 (+3); 423.26 (+2); 

401.24 (+3); 840.99 (+2); 589.82 (+2); 

692.61 (+4); 544.30 (+3); 538.33 (+2); 

615.86 (+2) 

↑AD, ↑HC 

Q8N4F0 
BPI fold-containing family B  

member 2 
● ● ● 0 / 716 659.70 (+3); 569.31 (+2); 568.32 (+3); 

671.38 (+2); 387.74 (+2); 953.83 (+3); 

↑AD 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

474.29 (+2); 433.75 (+2); 650.85 (+2); 

789.08 (+3); 399.24 (+2); 715.63 (+4) 

P12830 Cadherin-1 ● ● ● 0 / 716 494.79 (+2); 549.24 (+2); 537.27 (+2) Unchanged 

Q14CN2 
Calcium-activated chloride channel 

regulator 4 
●   0 / 716 493.92 (+3); 480.28 (+2) Unchanged 

P23280 Carbonic anhydrase 6 ● ● ● 1 / 716 

582.32 (+2); 764.73 (+3); 788.40 (+2); 

478.27 (+2); 548.79 (+2);  

1146.59 (+2); 469.76 (+2) 

↑AD, ↑HC 

P06731 
Carcinoembryonic antigen-related cell 

adhesion molecule 5 
● ●  0 / 716 733.35 (+2); 502.31 (+2) ↑HC 

P49913 Cathelicidin antimicrobial peptide ●  ● 0 / 716 528.57 (+3); 633.80 (+2) ↑AD, ↑HC 

P08311 Cathepsin G ● ● ● 1 / 716 

588.31 (+2); 780.92 (+2); 772.93 (+2); 

481.94 (+3); 417.24 (+3); 560.81 (+2); 

643.66 (+3); 552.81 (+2); 705.68 (+3); 

633.82 (+4); 477.74 (+2); 429.91 (+3); 

404.71 (+2); 572.98 (+3); 555.79 (+2); 

490.29 (+2); 648.99 (+3) 

↑AD, ↑HC 

P08962 CD63 antigen ●  ●* 0 / 716 506.23 (+3); 637.29 (+2) ↑AD, ↑HC 

P29373 
Cellular retinoic acid-binding  

protein 2 
●  ● 7 / 716 

554.78 (+2); 426.73 (+2); 627.29 (+3); 

456.61 (+3); 550.77 (+2); 475.23 (+2) 
↑AD, ↑HC 

P23528 Cofilin-1 ●  ● 496 / 716 
572.81 (+2); 437.23 (+3); 669.32 (+2); 

458.26 (+2) 
↑AD, ↑HC 
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UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 
m/z (charge) for MS/MS Enrichment 

P02747 
Complement C1q subcomponent 

subunit C 
● ● ● 0 / 716 

629.35 (+2); 486.93 (+3); 964.45 (+2); 

542.79 (+2); 822.05 (+3) 
Unchanged 

P01024 Complement C3 ● ● ● 45 / 716 

542.28 (+2); 576.81 (+2); 501.78 (+2); 

595.81 (+2); 633.81 (+2); 612.80 (+2); 

532.28 (+2); 401.25 (+2); 403.24 (+2); 

542.96 (+3); 908.95 (+2); 756.41 (+2); 

555.82 (+2) 

Unchanged 

P0C0L4 Complement C4-A ●  ● 87 / 716 
557.81 (+2); 771.41 (+2); 525.76 (+2); 

638.32 (+2) 
↑HC 

O75131 Copine-3 ●   91 / 716 560.81 (+2); 555.29 (+2) ↑HC 

Q9UBG3 Cornulin ●  ● 2 / 716 
501.91 (+3); 585.28 (+3); 472.25 (+2); 

684.12 (+4); 497.80 (+2) 
↑AD, ↑HC 

P31146 Coronin-1A ●  ● 25 / 716 

513.81 (+2); 569.75 (+2); 430.23 (+3); 

480.76 (+2); 579.33 (+2); 447.75 (+2); 

449.23 (+3); 569.75 (+2); 578.24 (+2); 

751.86 (+2) 

↑AD, ↑HC 

P04080 Cystatin-B ● ● ● 164 / 716 
663.86 (+2); 877.06 (+3); 474.91 (+3); 

615.32 (+4) 
↑AD, ↑HC 

P01034 Cystatin-C ● ● ● 4 / 716 606.30 (+3); 613.81 (+2) ↑AD 

P28325 Cystatin-D ●  ● 0 / 716 
713.37 (+2); 887.40 (+2); 425.75 (+2); 

475.91 (+3) 
↑AD, ↑HC 

P09228 Cystatin-SA ●  ● 1 / 716 
846.91 (+2); 568.28 (+4); 714.67 (+3); 

523.72 (+2); 440.90 (+3) 
↑AD, ↑HC 
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P01037 Cystatin-SN ● ● ● 2 / 716 

691.68 (+3); 646.83 (+2); 709.34 (+3); 

638.98 (+3); 568.28 (+4); 714.67 (+3); 

957.97 (+2);  

1037.02 (+2) 

↑AD, ↑HC 

P54108 Cysteine-rich secretory protein 3 ●  ● 0 / 716 1042.94 (+2); 596.25 (+2); 556.24 (+2) ↑AD, ↑HC 

P31930 Cytochrome b-c1 complex subunit 1 ●   157 / 716 529.79 (+2); 662.31 (+2) ↑AD, ↑HC 

Q9UGM3 
Deleted in malignant brain tumors 1 

protein 
● ● ● 9 / 716 

1207.49 (+2); 796.33 (+3); 830.67 

(+3);  

710.83 (+2); 718.83 (+2); 503.29 (+2); 

558.28 (+2); 521.24 (+3); 773.36 (+2); 

796.36 (+2);  

1002.14 (+3); 809.39 (+2); 672.97 

(+3);  

798.37 (+2); 756.35 (+2); 729.33 (+2); 

427.22 (+3); 431.89 (+3); 730.38 (+2); 

496.29 (+2); 538.28 (+2);  

1235.90 (+3); 441.25 (+2);  

396.73 (+2); 787.84 (+2) 

805.33 (+3); 781.36 (+2); 837.04 (+3); 

632.33 (+2); 515.92 (+3); 764.85 (+2)  

Unchanged 

P81605 Dermcidin ● ● ● 279 / 716 487.26 (+3); 581.28 (+2); 564.77 (+2) Unchanged 

Q02413 Desmoglein-1 ● ● ● 116 / 716 

1023.06 (+2); 867.93 (+2);  

818.42 (+2); 614.30 (+2); 619.99 (+3); 

763.71 (+3); 479.02 (+4); 669.67 (+3); 

875.92 (+2); 554.93 (+3); 614.66 (+3); 

545.28 (+2); 639.34 (+3); 769.04 (+3); 

Unchanged 
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(R-) 

AD and HC 

(NR-) 

CRAPome 
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715.61 (+3); 560.28 (+2); 644.67 (+3); 

682.37 (+3) 

P32926 Desmoglein-3 ● ● ● 0 / 716 
647.34 (+2); 580.95 (+3); 641.38 (+3); 

708.39 (+2); 777.45 (+2) 
↑AD, ↑HC 

P15924 Desmoplakin ● ● ● 328 / 716 

565.31 (+2); 636.36 (+2); 694.36 (+2); 

511.77 (+2); 522.79 (+2); 601.33 (+2); 

570.34 (+2); 573.82 (+2); 587.82 (+2); 

454.26 (+2); 425.72 (+2); 802.42 (+2); 

752.69 (+3); 843.47 (+2); 756.92 (+2); 

631.30 (+2); 554.62 (+3); 811.74 (+3); 

469.92 (+3); 713.70 (+3); 708.37 (+3); 

572.97 (+3); 531.61 (+3); 676.86 (+2); 

599.27 (+2); 439.90 (+3); 619.66 (+3); 

543.28 (+2); 513.74 (+2); 503.27 (+2); 

627.80 (+2); 610.79 (+2); 579.82 (+2); 

484.59 (+3); 432.55 (+3); 429.23 (+3); 

491.60 (+3); 387.22 (+3); 469.54 (+3); 

434.90 (+3); 515.28 (+3); 921.46 (+2); 

396.72 (+4); 498.24 (+2); 580.75 (+2); 

583.30 (+2); 494.28 (+2); 398.20 (+2); 

511.29 (+3); 564.29 (+2); 707.86 (+2); 

769.94 (+2); 529.81 (+2); 665.98 (+3); 

728.36 (+3); 599.27 (+2); 502.27 (+2); 

645.84 (+2) 

Unchanged 

P68104 Elongation factor 1-alpha 1 ● ● ● 653 / 716 
513.31 (+2); 438.92 (+3); 468.91 (+3); 

457.79 (+2); 560.80 (+2); 488.28 (+2); 

657.87 (+2); 435.77 (+2); 420.23 (+2); 

Unchanged 
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970.48 (+3); 975.82 (+3); 839.13 (+3); 

1189.89 (+3) 

P26641 Elongation factor 1-gamma ●  ● 461 / 716 
414.55 (+3); 674.37 (+2); 524.95 (+3); 

381.71 (+2) 
Unchanged 

P12724 Eosinophil cationic protein ● ● ● 0 / 716 
677.37 (+2); 890.44 (+2); 572.27 (+2); 

504.57 (+3); 677.37 (+2); 446.73 (+2) 
Unchanged 

Q96HE7 ERO1-like protein alpha ●  ● 97 / 716 
753.37 (+2); 645.82 (+2); 482.92 (+3); 

565.33 (+2); 521.76 (+2); 573.24 (+2) 
↑HC 

Q16610 Extracellular matrix protein 1 ●  ● 14 / 716 

813.91 (+2); 538.26 (+3); 562.81 (+2); 

523.91 (+3); 659.34 (+2); 473.91 (+3); 

540.33 (+2) 

↑AD, ↑HC 

P15311 Ezrin ●  ● 264 / 716 

591.80 (+2); 552.80 (+2); 457.77 (+2); 

472.90 (+3); 494.26 (+2); 501.76 (+2); 

488.78 (+2); 437.57 (+3); 447.78 (+2) 

↑HC 

P52907 
F-actin-capping protein subunit  

alpha-1 
●   318 / 716 574.94 (+3); 599.35 (+2); 853.41 (+2) ↑AD 

P47756 F-actin-capping protein subunit beta ●  ● 366 / 716 586.30 (+2); 677.32 (+2); 421.55 (+3) ↑AD, ↑HC 

Q01469 Fatty acid-binding protein 5 ● ● ● 106 / 716 

522.28 (+2); 855.90 (+2); 464.28 (+2); 

600.60 (+3); 636.30 (+2); 760.01 (+3); 

802.71 (+3); 847.90 (+2); 812.04 (+3); 

416.58 (+3) 

↑AD, ↑HC 

P02671 Fibrinogen alpha chain ●  ● 2 / 716 
514.76 (+2); 464.78 (+2); 503.91 (+3); 

486.60 (+3) 
↑AD, ↑HC 
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P02675 Fibrinogen beta chain ●  ● 15 / 716 

601.05 (+4); 512.58 (+3); 490.72 (+2); 

809.90 (+2); 802.34 (+2); 884.90 (+2); 

474.73 (+2); 651.01 (+3); 654.81 (+2) 

↑AD, ↑HC 

P02679 Fibrinogen gamma chain ● ● ● 2 / 716 

575.76 (+2); 597.75 (+2); 497.92 (+3); 

559.27 (+2); 757.37 (+2); 431.92 (+3); 

736.35 (+3); 561.65 (+3); 388.88 (+3); 

440.72 (+2) 

↑AD, ↑HC 

P04075 Fructose-bisphosphate aldolase A ● ● ● 301 / 716 

666.85 (+2); 496.94 (+3); 549.61 (+3); 

566.79 (+2); 522.79 (+2); 564.62 (+3); 

448.24 (+3); 382.24(+2); 708.37 (+3); 

1019.82 (+3) 

↑AD, ↑HC 

P17931 Galectin-3 ●  ● 20 / 716 
425.21 (+3); 552.99 (+3); 431.74 (+2); 

413.22 (+4); 442.25 (+3) 
↑AD, ↑HC 

Q08380 Galectin-3-binding protein ● ● ● 102 / 716 

590.27 (+3); 603.78 (2); 796.90 (+2); 

678.39 (+2); 488.29 (+2); 442.89 (+3); 

413.73 (+2); 377.89 (+3); 531.60 (+3)  

Unchanged 

P47929 Galectin-7 ●  ● 43 / 716 
619.82 (+2); 467.23 (+3); 494.62 (+3); 

429.23 (+2) 
↑AD, ↑HC 

P06396 Gelsolin ●  ● 49 / 716 
441.73 (+2); 660.35 (+2); 425.91 (+3); 

378.24 (+2); 450.55 (+3) 
↑AD, ↑HC 

P11413 Glucose-6-phosphate 1-dehydrogenase ●  ● 89 / 716 

596.29 (+2); 421.54 (+3); 566.78 (+2); 

458.25 (+2); 394.24 (+2); 583.26 (+3); 

432.22 (+2); 380.21 (+3); 529.82 (+2); 

574.80 (+2) 

↑AD, ↑HC 
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P06744 Glucose-6-phosphate isomerase ●  ● 141 / 716 

609.83 (+2); 828.41 (+2); 570.30 (+3); 

522.29 (+2); 916.51 (+2); 403.23 (+2); 

546.77 (+2); 496.76 (+2); 406.89 (+3); 

534.95 (+3) 

↑AD, ↑HC 

P15104 Glutamine synthetase ●   58 / 716 441.23 (+2); 497.76 (+2) ↑AD 

P09211 Glutathione S-transferase P ● ● ● 164 / 716 

669.37 (+2); 568.79 (+2); 942.48 (+2); 

376.22 (+2); 646.82 (+2); 709.39 (+3); 

955.80 (+3) 

↑AD, ↑HC 

P04406 
Glyceraldehyde-3-phosphate 

dehydrogenase 
● ● ● 458 / 716 

706.40 (+2); 917.46 (+2); 882.40 (+2); 

454.88 (+3); 765.90 (+2); 403.22 (+2); 

749.04 (+3); 406.21 (+2); 440.58 (+3); 

807.45 (+2); 435.26 (+2); 580.65 (+3); 

405.89 (+3); 611.98 (+3) 

↑AD, ↑HC 

P28676 Grancalcin ● ● ● 1 / 716 

512.77 (+2); 452.94 (+3); 600.86 (+2); 

435.23 (+2); 768.85 (+2); 580.01 (+4); 

415.70 (+2) 

↑AD, ↑HC 

P04899 
Guanine nucleotide-binding protein 

G(i) subunit alpha-2 
●  ● 159 / 716 

529.32 (+2); 873.95 (+2); 546.24 (+3); 

529.58 (+3) 
↑AD, ↑HC 

P00738 Haptoglobin ● ●  15 / 716 
490.75 (+2); 673.33 (+2); 602.32 (+2); 

460.73 (+2) 
Unchanged 

P0DMV9 Heat shock 70 kDa protein 1B ● ● ● 698 / 716 

744.35 (+2); 559.25 (+3); 614.82 (+2); 

599.35 (+2); 844.45 (+2); 489.27 (+3); 

559.25 (+3); 555.29 (+2);  421.22 (+3); 

755.72 (+3); 829.93 (+2); 994.49 (+3) 

Unchanged 
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P04792 Heat shock protein beta-1 ● ● ● 128 / 716 

953.50 (+2); 582.31 (+2); 595.31 (+3); 

459.25 (+2); 548.61 (+3); 548.61 (+3); 

490.25 (+3); 578.27 (+2); 382.88 (+3) 

↑AD, ↑HC 

P16402 Histone H1.3 ● ● ● 600 / 716 
423.26 (+2); 599.84 (+2); 554.29 (+2); 

526.93 (+3); 420.92 (+3); 487.31 (+2) 
↑AD, ↑HC 

P16401 Histone H1.5 ● ● ● 243 / 716 
447.60 (+3); 547.28 (+2); 522.26 (+3); 

420.92 (+3); 606.85 (+2) 
↑AD, ↑HC 

Q16778 Histone H2B type 2-E ●  ● 513 / 716 

487.94 (+3); 640.33 (+2); 390.20 (+3); 

888.41 (+2); 576.28 (+2); 477.30 (+2); 

503.62 (+3) 

↑AD, ↑HC 

Q5QNW6 Histone H2B type 2-F ●  ● 515 / 716 

487.94 (+3); 633.32 (+2); 390.20 (+3); 

888.41 (+2); 569.28 (+2); 477.30 (+2); 

503.62 (+3) 

↑AD, ↑HC 

P84243 Histone H3.3 ●  ● 384 / 716 
668.35 (+2); 416.25 (+2); 417.57 (+3); 

425.72 (+2); 394.74 (+2); 467.60 (+3) 
↑AD, ↑HC 

P62805 Histone H4 ● ● ● 489 / 716 

590.81 (+2); 526.63 (+3); 378.85 (+3); 

494.94 (+3); 663.85 (+2); 442.59 (+3); 

495.29 (+2); 485.60 (+3); 567.77 (+2) 

↑AD, ↑HC 

Q86YZ3 Hornerin ● ● ● 223 / 716 

583.26 (+3); 643.62 (+3); 528.91 (+3); 

480.55 (+3); 487.73 (+4); 773.66 (+3); 

620.01 (+4); 509.56 (+3); 783.67 (+3); 

482.97 (+4); 644.30 (+3) 

Unchanged 

P11215 Integrin alpha-M ● ● ● 0 / 716 
606.84 (+2); 585.31 (+2); 805.39 (+2); 

543.82 (+2); 681.86 (+2); 775.94 (+2); 

497.24 (+2); 548.79 (+2); 676.32 (+2); 

↑AD, ↑HC 
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520.32 (+2); 996.93 (+2); 720.45 (+2); 

715.69 (+3); 480.92 (+3); 557.29 (+3); 

783.06 (+3); 607.81 (+4); 568.61 (+3); 

450.90 (+3); 860.45 (+2); 447.91 (+3); 

442.28 (+3); 520.93 (+3); 399.98 (+4); 

553.28 (+3); 982.04 (+2) 

P05107 Integrin beta-2 ●  ● 0 / 716 

890.95 (+2); 579.30 (+2); 545.28 (+2); 

556.26 (+2); 563.81 (+2); 407.26 (+2); 

856.35 (+2); 494.94 (+3); 548.25 (+3); 

485.26 (+2) 

↑AD, ↑HC 

P14923 Junction plakoglobin ● ● ● 244 / 716 

671.37 (+2); 677.02 (+3); 618.84 (+2); 

577.62 (+3); 544.33 (+2); 611.00 (+3); 

676.81 (+2); 495.26 (+3); 719.05 (+3); 

499.80 (+2); 714.41 (+2); 651.85 (+2); 

456.88 (+3); 725.41 (+2); 406.78 (+2); 

645.71 (+3); 501.78 (+2); 435.26 (+2); 

438.75 (+2); 545.80 (+2); 800.40 (+2); 

533.93 (+3); 783.11 (+3); 742.38 (+2) 

Unchanged 

Q9P0G3 Kallikrein-14 ● ●  1 / 716 
636.99 (+3); 565.80 (+2); 665.86 (+2); 

687.34 (+3); 741.40 (+2) 
Unchanged 

P00338 L-lactate dehydrogenase A chain ● ● ● 304 / 716 

567.78 (+2); 624.80 (+2); 632.84 (+2); 

499.26 (+3); 457.29 (+2); 465.29 (+2); 

559.79 (+2); 664.03 (+3) 

↑AD, ↑HC 

P22079 Lactoperoxidase ●  ● 0 / 716 

485.93 (+3); 561.27 (+2); 474.90 (+3); 

618.81 (+2); 471.26 (+2); 570.84 (+2); 

439.24 (+3) 

↑AD, ↑HC 
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P02788 Lactotransferrin ● ● ● 61 / 716 

417.20 (+4); 426.71 (+2); 426.91 (+3); 

429.23 (+2); 435.94 (+3); 465.24 (+3); 

468.27 (+2); 483.91 (+3); 487.60 (+3); 

490.26 (+3); 496.24 (+2); 506.95 (+3); 

510.76 (+2); 525.28 (+3); 549.26 (+2); 

555.65 (+3); 565.30 (+2); 575.82 (+2); 

582.96 (+3); 598.31 (+2); 604.30 (+3); 

619.31 (+2); 643.30 (+2); 668.35 (+2); 

681.86 (+2); 695.87 (+2); 696.70 (+3); 

697.34 (+2); 723.36 (+2); 753.36 (+3); 

768.92 (+2); 790.38 (+2); 795.88 (+2); 

807.90 (+2); 841.90 (+2); 904.40 (+2); 

910.90 (+2); 931.88 (+2); 953.46 (+3); 

462.71 (+2); 538.94 (+3); 538.96 (+3); 

603.27 (+3); 604.66 (+3); 621.59 (+3); 

659.29 (+3); 715.35 (+4); 720.38 (+3); 

782.38 (+3); 846.46 (+3); 474.91 (+3);   

497.94 (+3); 678.30 (+3); 691.02 (+3); 

988.43 (+2); 994.97 (+2); 423.58 (+3);   

1036.02 (+2)  

Unchanged 

P30740 Leukocyte elastase inhibitor ● ● ● 17 / 716 

401.45 (+4); 435.90 (+3); 825.91 (+2); 

551.80 (+2); 604.32 (+2); 609.81 (+2); 

546.01 (+4); 503.75 (+2); 590.36 (+2); 

429.90 (+3); 843.94 (+2); 575.30 (+2); 

684.98 (+3); 376.22 (+2); 595.97 (+3) 

↑AD, ↑HC 

P61626 Lysozyme C ● ● ● 74 / 716 

700.84 (+2); 690.34 (+2); 976.46 (+3); 

506.73 (+2); 394.71 (+3); 640.81 (+3); 

406.19 (+2); 788.37 (+3); 682.35 (+2) 

Unchanged 
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P08493 Matrix Gla protein ●  ● 0 / 716 786.35 (+2); 638.33 (+2) ↑AD, ↑HC 

P14780 Matrix metalloproteinase-9 ●   2 / 716 542.77 (+2); 489.26 (+2) ↑AD, ↑HC 

P26038 Moesin ● ●  230 / 716 
591.80 (+2); 488.78 (+2); 494.26 (+2); 

473.26 (+3); 552.79 (+2); 502.26 (+3) 
Unchanged 

Q9HC84 Mucin-5B ● ● ● 4 / 716 

628.32 (+2); 840.40 (+2); 575.64 (+3); 

774.36 (+2); 711.88 (+2); 955.84 (+2); 

554.28 (+2); 629.86 (+2); 798.02 (+3); 

754.87 (+2); 380.90 (+3); 705.00 (+3); 

539.93 (+3); 565.94 (+3); 538.79 (+2); 

616.63 (+3); 694.87 (+2); 967.15 (+3); 

557.27 (+3); 662.29 (+2); 844.40 (+2); 

663.33 (+2); 801.86 (+2); 574.75 (+2); 

990.98 (+2); 690.79 (+2); 595.93 (+3); 

402.53 (+3); 919.93 (+2); 500.24 (+3); 

568.77 (+2); 467.21 (+3); 758.63 (+3); 

713.82 (+2); 478.73 (+2); 521.60 (+3); 

480.75 (+2); 518.80 (+2); 767.69 (+3); 

874.36 (+2); 790.99 (+3); 566.75 (+2); 

532.94 (+3); 475.22 (+3); 539.24 (+2); 

720.31 (+3); 487.26 (+2); 386.21 (+3); 

611.30 (+4); 416.24 (+2); 494.59 (+3); 

466.21 (+2); 754.87 (+2); 554.27 (+2); 

663.33 (+2); 774.36 (+2); 660.99 (+3); 

629.86 (+2); 628.32 (+2); 380.90 (+3);   

704.98 (+3); 690.79 (+2); 710.97 (+3); 

531.47 (+4); 1004.48 (+3);  

1065.95 (+2); 1079.97 (+2);  

616.63 (+3); 1065.95 (+2) 

↑AD, ↑HC 
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Q8TAX7 Mucin-7 ●  ● 0 / 716 
530.79 (+2); 415.73 (+2); 407.73 (+2); 

526.53 (+4) 
↑AD, ↑HC 

P24158 Myeloblastin ● ● ● 1 / 716 
567.82 (+2); 430.93 (+3); 521.77 (+2); 

645.89 (+2) 
↑AD 

P41218 
Myeloid cell nuclear differentiation 

antigen 
●  ● 2 / 716 

657.82 (+2); 383.20 (+3); 400.75 (+2); 

475.27 (+2); 424.75 (+2); 715.33 (+3); 

376.23 (+3); 970.44 (+2) 

↑AD, ↑HC 

P05164 Myeloperoxidase ● ● ● 3 / 716 

679.81 (+2); 634.30 (+2); 396.56 (+3); 

490.92 (+3); 593.32 (+2); 711.37 (+2); 

548.83 (+2); 575.29 (+2); 576.81 (+2); 

678.87 (+2); 640.88 (+2); 723.85 (+2); 

986.52 (+2); 772.93 (+2); 876.76 (+3); 

549.26 (+3); 469.74 (+2); 574.26 (+2); 

456.74 (+2); 731.39 (+2); 710.05 (+3); 

540.31 (+2); 509.26 (+3); 871.43 (+3); 

658.01 (+3); 474.90 (+3); 444.25 (+2); 

414.58 (+3); 429.2 (+3); 626.31 (+3); 

503.59 (+3); 510.25 (+3) 

↑AD, ↑HC 

O14950 Myosin regulatory light chain 12B ●  ● 295 / 716 
630.80 (+2); 627.28 (+2); 614.81 (+2); 

708.32 (+2) 
↑AD, ↑HC 

P35579 Myosin-9 ●  ● 448 / 716 

385.89 (+3); 398.90 (+3); 408.55 (+3); 

415.73 (+2); 420.58 (+3); 426.56 (+3); 

440.25 (+3); 452.26 (+2); 459.24 (+2); 

459.93 (+3); 462.75 (+2); 464.47 (+4); 

480.91 (+3); 481.25 (+2); 481.25 (+3); 

486.77 (+2); 489.76 (+2); 493.60 (+3); 

493.79 (+2); 499.99 (+4); 509.26 (+2); 

↑AD, ↑HC 
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520.29 (+3); 524.62 (+3); 531.29 (+2); 

534.59 (+3); 546.78 (+2); 550.82 (+2); 

554.94 (+3); 560.26 (+3); 572.91 (+3); 

590.62 (+3); 597.31 (+2); 603.32 (+2); 

605.97 (+3); 608.34 (+2); 610.83 (+2); 

610.96 (+3); 623.62 (+3); 623.64 (+3); 

629.34 (+2); 630.31 (+3); 633.76 (+2); 

637.85 (+2); 638.63 (+3); 642.86 (+2); 

653.34 (+2); 666.31 (+2); 765.89 (+2); 

824.73 (+3); 827.40 (+2); 935.49 (+2); 

973.51 (+2); 405.89 (+3); 407.56 (+3); 

831.73 (+3); 791.34 (+2) 

P59665 Neutrophil defensin 1 ● ● ● 21 / 716 
381.54 (+3); 493.76 (+2); 559.2 (+2); 

425.21 (+3); 637.31 (+2) 
↑HC 

P08246 Neutrophil elastase ● ● ● 2 / 716 

1023.50 (+3); 747.36 (+4); 940.13 

(+3);  

909.46 (+2); 552.80 (+2); 533.31 (+2); 

387.88 (+3); 474.75 (+2); 424.24 (+2); 

705.35 (+4); 743.36 (+4); 464.61 (+3); 

758.63 (+4); 608.99 (+3); 606.64 (+3); 

496.28 (+3)  

↑AD, ↑HC 

O75594 Peptidoglycan recognition protein 1 ● ●  0 / 716 778.42 (+2); 441.26 (+2); 555.96 (+3) Unchanged 

Q06830 Peroxiredoxin-1 ●  ● 549 / 716 

554.30 (+2); 453.94 (+3); 598.99 (+3); 

606.34 (+2); 590.79 (+2); 598.82 (+2); 

460.76 (+2); 481.52 (+4); 447.72 (+2); 

470.73 (+2) 

↑AD, ↑HC 
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P32119 Peroxiredoxin-2 ●  ● 482 / 716 

512.27 (+2); 606.34 (+2); 489.77 (+2); 

643.66 (+3); 431.76 (+2); 667.87 (+2); 

393.88 (+3) 

↑AD, ↑HC 

Q13162 Peroxiredoxin-4 ●  ● 394 / 716 
453.94 (+3); 613.35 (+2); 460.76 (+2); 

606.82 (+2); 431.57 (+3) 
↑AD, ↑HC 

P30041 Peroxiredoxin-6 ●  ● 388 / 716 
379.22 (+3); 453.74 (+2); 698.33 (+2); 

791.84 (+2); 596.34 (+2); 543.30 (+2) 
↑AD, ↑HC 

P00558 Phosphoglycerate kinase 1 ●  ● 200 / 716 
545.60 (+3); 377.88 (+3); 442.73 (+2); 

590.34 (+3); 877.90 (+2); 483.24 (+2) 
↑AD, ↑HC 

O15162 Phospholipid scramblase 1 ●   0 / 716 804.33 (+2); 567.78 (+2) ↑AD, ↑HC 

Q13835 Plakophilin-1 ● ● ● 41 / 716 

762.90 (+2); 454.56 (+3); 450.74 (+2); 

626.27 (+2); 647.33 (+2); 594.32 (+2); 

917.45 (+2) 

Unchanged 

P13796 Plastin-2 ● ● ● 167 / 716 

568.31 (+2); 442.23 (+3); 759.88 (+2); 

947.43 (+2); 506.81 (+2); 652.31 (+2); 

793.43 (+2); 838.42 (+2); 513.26 (+3); 

583.77 (+2); 559.29 (+2); 497.76 (+2); 

499.76 (+2); 707.79 (+2); 535. 32 (+2) 

↑AD, ↑HC 

P01833 Polymeric immunoglobulin receptor ● ● ● 12 / 716 

397.22 (+2); 438.72 (+2); 450.57 (+3); 

452.24 (+2);  461.75 (+2); 470.78 (+2); 

506.79 (+2); 522.74 (+2); 530.93 (+3); 

540.28 (+2); 549.96 (+3); 584.30 (+3); 

606.26 (+2); 614.88 (+2); 619.65 (+3); 

621.64 (+3); 625.84 (+2); 675.99 (+3); 

685.80 (+2); 701.86 (+2); 703.87 (+2); 

724.33 (+3); 724.74 (+3); 747.73 (+3); 

Unchanged 
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760.39 (+2); 770.34 (+2); 829.41 (+2); 

663.63 (+3); 681.63 (+3); 690.68 (+3); 

702.35 (+3); 711.05 (+3); 845.39 (+2); 

908.44 (+4); 469.58 (+3); 477.24 (+3); 

853.90 (+2); 615.96 (+3); 477.50 (+4); 

1021.94 (+2); 1210.91 (+3);  

551.78 (+4) 

P07737 Profilin-1 ●  ● 308 / 716 

690.36 (+2); 821.38 (+2); 735.88 (+2); 

607.31 (+2); 412.24 (+3); 639.03 (+3); 

822.47 (+2) 

↑AD, ↑HC 

P35232 Prohibitin ●   269 / 716 722.83 (+2); 575.30 (+2) Unchanged 

P12273 Prolactin-inducible protein ● ● ● 59 / 716 

690.38 (+3); 642.39 (+2); 907.99 (+2); 

678.78 (+2); 627.85 (+2); 665.68 (+3); 

805.93 (+2); 513.80 (+2); 400.92 (+3); 

706.82 (+2); 600.87 (+2) 

↑AD, ↑HC 

P60900 Proteasome subunit alpha type-6 ●   193 / 716 643.36 (+2); 580.80 (+2) ↑AD, ↑HC 

P07237 Protein disulfide-isomerase ●  ● 247 / 716 484.57 (+3); 611.81 (+2) ↑AD, ↑HC 

P06703 Protein S100-A6 ●  ● 72 / 716 458.25 (+2); 454.21 (+2) ↑AD, ↑HC 

P05109 Protein S100-A8 ● ● ● 79 / 716 

711.36 (+2); 517.27 (+3); 424.90 (+3); 

482.24 (+2); 440.23 (+2); 419.71 (+2); 

432.23 (+2); 411.71 (+2); 686.35 (+2); 

475.76 (+2) 

↑AD, ↑HC 
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P06702 Protein S100-A9 ● ● ● 116 / 716 

728.36 (+2); 503.29 (+2); 602.98 (+3); 

586.94 (+3); 486.25 (+2); 489.01 (+4); 

503.29 (+2); 439.24 (+2); 485.91 (+3) 

↑AD, ↑HC 

Q08188 
Protein-glutamine gamma-

glutamyltransferase E 
● ● ● 47 / 716 

727.86 (+2); 831.42 (+2); 546.81 (+2); 

566.80 (+2); 644.00 (+3); 964.48 (+3); 

598.29 (+2); 537.61 (+3); 470.28 (+2);  

909.47 (+2); 692.98 (+3); 923.47 (+2); 

457.88 (+3); 431.25 (+2); 656.33 (+2); 

629.32 (+2); 672.30 (+3); 497.24 (+3);  

612.31 (+3); 501.25 (+2); 424.24 (+2); 

478.25 (+4); 375.20 (+2); 978.45 (+2); 

520.84 (+2); 551.82 (+2); 928.96 (+2); 

726.91 (+3); 453.89 (+3); 564.62 (+3); 

1020.05 (+2); 815.04 (+3);  

1013.99 (+2); 584.64 (+3);  

986.98 (+2); 1088.52 (+2) 

↑AD, ↑HC 

P14618 Pyruvate kinase PKM ● ● ● 536 / 716 

599.33 (+2); 680.35 (+2); 607.29 (+2); 

571.31 (+2); 498.25 (+2); 398.55 (+3); 

420.77 (+2); 611.32 (+2); 510.26 (+2); 

607.29 (+2); 465.60 (+3); 613.31 (+3); 

510.26 (+2); 890.44 (+2); 471.73 (+4); 

725.71 (+3) 

↑AD, ↑HC 

P50395 Rab GDP dissociation inhibitor beta ●  ● 166 / 716 
515.26 (+2); 469.75 (+2); 546.90 (+3); 

571.30 (+2); 393.89 (+3); 473.57 (+3) 
↑AD, ↑HC 

P60763 
Ras-related C3 botulinum toxin 

substrate 3 
●   42 / 716 620.80 (+2); 530.78 (+2); 475.75 (+2) ↑AD, ↑HC 
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P51159 Ras-related protein Rab-27A ●   0 / 716 
615.78 (+2); 532.29 (+2); 476.94 (+3); 

471.75 (+2); 522.94 (+3) 
↑AD, ↑HC 

P52566 Rho GDP-dissociation inhibitor 2 ●  ● 4 / 716 656.36 (+2); 428.25 (+2) ↑AD, ↑HC 

Q96P63 Serpin B12 ● ● ● 49 / 716 
838.45 (+2); 467.76 (+2); 549.80 (+2); 

439.23 (+3); 577.30 (+2); 774.71 (+3) 
Unchanged 

P48594 Serpin B4 ●   34 / 716 432.74 (+2); 431.26 (+2) ↑AD, ↑HC 

P36;952 Serpin B5 ●  ● 3 / 716 

611.28 (+2); 509.27 (+2); 490.75 (+2); 

713.87 (+2); 551.32 (+2); 645.27 (+3); 

531.26 (+3); 472.76 (+2) 

↑AD, ↑HC 

Q9UBC9 Small proline-rich protein 3 ●  ● 4 / 716 

585.95 (+3); 430.75 (+2); 429.74 (+2); 

413.74 (+2); 590.62 (+3); 656.82 (+4); 

452.25 (+2) 

↑AD, ↑HC 

P29401 Transketolase ●  ● 168 / 716 

422.22 (+3); 473.26 (+2); 394.24 (+2); 

469.74 (+2); 600.82 (+2); 471.94 (+3); 

942.96 (+2); 458.28 (+2) 

↑AD, ↑HC 

P60174 Triosephosphate isomerase ● ● ● 177 / 716 
486.91 (+3); 617.80 (+2); 425.56 (+3); 

420.88 (+3); 801.95 (+2) 
↑HC 

P0DPH8 Tubulin alpha-3D chain ●   690 / 716 508.29 (+2); 573.63 (+3) ↑AD, ↑HC 

Q16851 
UTP--glucose-1-phosphate 

uridylyltransferase 
●  ●* 14 / 716 515.30 (+2); 498.81 (+2) ↑AD, ↑HC 

P08670 Vimentin ●  ● 543 / 716 547.27 (+2); 375.87 (+3); 568.94 (+3) ↑AD, ↑HC 
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P21796 
Voltage-dependent anion-selective 

channel protein 1 
●   213 / 716 607.31 (+2); 587.31 (+2) ↑AD, ↑HC 

P45880 
Voltage-dependent anion-selective 

channel protein 2 
●   256 / 716 470.73 (+2); 647.34 (+2) ↑AD, ↑HC 

Q96DA0 
Zymogen granule protein 16  

homolog B 
● ● ● 11 / 716 

730.39 (+3); 649.63 (+3); 599.34 (+2); 

1075.56 (+3); 1095.07 (+2);   

460.23 (+2); 464.31 (+2); 468.23 (+2); 

548.27 (+2); 412.70 (+2); 458.72 (+2)  

↑AD 

P30050 60S ribosomal protein L12  ●  397 / 716 709.85 (+2); 441.28 (+2) ↑NEG 

P60709 Actin, cytoplasmic 1  ●  667 / 716 

488.73 (+2); 400.24 (+3); 744.36 (+3); 

581.31 (+2); 589.31 (+2); 566.77 (+2); 

543.95 (+3); 850.73 (+3); 856.06 (+3); 

506.24 (+3); 895.95 (+2);652.03 (+3); 

547.28 (+3);507.74 (+2); 800.66 (+4) 

↑NEG 

P12814 Alpha-actinin-1  ● ● 314 / 716 

715.38 (+2); 769.39 (+2); 493.24 (+3); 

431.92 (+3); 432.74 (+2); 587.80 (+2); 

464.89 (+3) 

Unchanged 

P05089 Arginase-1  ● ● 57 / 716 557.30 (+2); 429.22 (+3); 552.33 (+2) ↑NEG 

Q9NP55 
BPI fold-containing family A  

member 1 
 ●  3 / 716 692-04 (+3); 740.94 (+2) Unchanged 

Q9NZT1 Calmodulin-like protein 5  ● ● 150 / 716 
755.04 (+3); 609.83 (+2); 465.75 (+2); 

867.10 (+3); 817.90 (+2); 753.85 (+2) 
Unchanged 

P04040 Catalase  ● ● 57 / 716 
747.35 (+2); 487.75 (+2); 669.33 (+2); 

741.37 (+2); 646.81 (+2) 
Unchanged 
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Q08554 Desmocollin-1  ● ● 71 / 716 

561.94 (+3); 668.34 (+2); 542.74 (+2); 

578.92 (+3); 493.58 (+3); 752.39 (+3); 

396.89 (+3) 

↑NEG 

P13639 Elongation factor 2  ● ● 488 / 716 
562.29 (+2); 797.89 (+2); 554.32 (+2); 

425.58 (+3); 485.28 (+2); 859.44 (+3) 
Unchanged 

Q5D862 Filaggrin-2  ● ● 153 / 716 
660.79 (+2); 784.67 (+3); 507.91 (+3); 

635.36 (+2) 
Unchanged 

Q9H4G4 
Golgi-associated plant pathogenesis-

related protein 1 
 ●  7 / 716 627.31 (+2); 727.35 (+2) Unchanged 

Q16777 Histone H2A type 2-C  ●  552 / 716 472.77 (+2); 425.57 (+3); 644.39 (+3) ↑NEG 

P23284 Peptidyl-prolyl cis-trans isomerase B  ●  228 / 716 682.86 (+2); 524.28 (+2) Unchanged 

Q6P4A8 Phospholipase B-like 1  ●  4 / 716 691.85 (+2); 573.32 (+2) ↑NEG 

P28799 Progranulin  ●  16 / 716 740.35 (+2); 631.66 (+3); 501.78 (+2) ↑NEG 

P22735 
Protein-glutamine gamma-

glutamyltransferase K 
 ● ● 35 / 716 

700.35 (+2); 835.96 (+2); 597.79 (+2); 

572.29 (+2); 424.56 (+3); 413.90 (+3) 
Unchanged 

P61160 Actin-related protein 2   ● 140 / 716 675.81 (+2); 538.58 (+3); 685.37 (+2) - 

O15143 
Actin-related protein 2/3 complex 

subunit 1B 
  ● 44 / 716 497.77 (+2); 543.60 (+3) 

- 

P40394 All-trans-retinol dehydrogenase   ● 6 / 716 529.76 (+2); 675.82 (+2); 452.26 (+2) - 
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O43707 Alpha-actinin-4   ● 335 / 716 

516.93 (+3); 715.39 (+2); 769.39 (+2); 

433.89 (+3); 432.74 (+2); 587.80 (+2); 

483.91 (+3); 464.89 (+3) 

- 

Q9UBD6 Ammonium transporter Rh type C   ● 0 / 716 874.45 (+3); 437.73 (+2) - 

P07384 Calpain-1 catalytic subunit   ● 30 / 716 642.81 (+2); 411.89 (+3); 503.78 (+2) - 

P16152 Carbonyl reductase   ● 143 / 716 422.77 (+2); 603.83 (+2) - 

P31944 Caspase-14   ● 62 / 716 602.80 (+2); 579.81 (+2) - 

O00299 
Chloride intracellular channel  

protein 1 
  ● 147 / 716 

641.34 (+2); 539.76 (+2); 479.24 (+2); 

664.82 (+2) 

- 

Q15517 Corneodesmosin   ● 50 / 716 827.92 (+2); 741.39 (+3) - 

P01040 Cystatin-A   ● 57 / 716 548.61 (+3); 988.50 (+2); 678.86 (+2) - 

Q14574 Desmocollin-3   ● 15 / 716 553.30 (+2); 564.97 (+3); 599.99 (+3) - 

P61803 DAD1   ● 27 / 716 523.79 (+2); 560.28 (+2) - 

Q6ZVX7 F-box only protein 50   ● 21 / 716 386.54 (+3); 616.32 (+2) - 

P21333 Filamin-A   ● 508 / 716 
484.26 (+3); 613.29 (+2); 455.57 (+3); 

549.63 (+3); 595.62 (+3); 550.29 (+2) 

- 

P06737 Glycogen phosphorylase, liver form   ● 74 / 716 432.21 (+3); 527.29 (+2); 458.74 (+2) - 

P62826 GTP-binding nuclear protein Ran   ● 440 / 716 607.81 (+2); 508.29 (+2); 622.82 (+2) - 

Q6ZN66 Guanylate-binding protein 6   ● 1 / 716 474.75 (+2); 429.90 (+3) - 
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P11142 Heat shock cognate 71 kDa protein   ● 703 / 716 
596.67 (+3); 600.34 (+2); 744.35 (+2); 

614.82 (+2); 564.58 (+3); 494.61 (+3) 

- 

P07900 Heat shock protein HSP 90-alpha   ● 565 / 716 
621.86 (+2); 618.30 (+2); 757.40 (+2); 

612.82 (+2); 576.28 (+2) 

- 

P08238 Heat shock protein HSP 90-beta   ● 573 / 716 
621.86 (+2); 625.31 (+2); 757.40 (+2); 

580.80 (+2); 576.28 (+2) 

- 

P52790 Hexokinase-3   ● 23 / 716 525.80 (+2); 422.89 (+3); 531.29 (+2) - 

Q9UHA7 Interleukin-36 alpha   ● 1 / 716 682.36 (+2); 549.81 (+2) - 

O75874 Isocitrate dehydrogenase   ● 62 / 716 719.86 (+2); 544.29 (+2) - 

Q9UKR3 Kallikrein-13   ● 0 / 716 608.83 (+2); 488.25 (+3); 398.23 (+3) - 

P07195 L-lactate dehydrogenase B chain   ● 340 / 716 
624.80 (+2); 480.28 (+2); 457.29 (+2); 

504.26 (+3) 

- 

P09960 Leukotriene A-4 hydrolase   ● 66 / 716 
604.33 (+2); 524.93 (+3); 769.34 (+2); 

664.85 (+2) 

- 

P40926 Malate dehydrogenase, mitochondrial   ● 198 / 716 
383.22 (+3); 669.86 (+2); 496.77 (+2); 

735.85 (+2); 577.28 (+2) 

- 

P60660 Myosin light polypeptide 6   ● 411 / 716 596.28 (+3); 677.87 (+2); 580.29 (+3) - 

P43490 
Nicotinamide 

phosphoribosyltransferase 
  ● 135 / 716 395.55 (+3); 542.81 (+2); 386.25 (+2) 

- 

Q6UX06 Olfactomedin-4   ● 1 / 716 726.86 (+2); 731.38 (+2); 500.29 (+3) - 

Q96G03 Phosphoglucomutase-2   ● 25 / 716 603.99 (+3); 499.24 (+2); 599.81 (+2) - 
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P18669 Phosphoglycerate mutase 1   ● 239 / 716 384.23 (+3); 438.20 (+3); 530. 28 (+2) - 

P55058 Phospholipid transfer protein   ● 0 / 716 424.56 (+3); 664.33 (+2) - 

P13797 Plastin-3   ● 208 / 716 
759.88 (+2); 552.94 (+3); 513.26 (+3); 

516.28 (+2); 628.63 (+3) 

- 

Q8WUM4 
Programmed cell death 6-interacting 

protein 
  ● 227 / 716 

532.80 (+2); 487.29 (+2); 450.23 (+2); 

766.86 (+2) 

- 

Q99623 Prohibitin-2   ● 243 / 716 608.31 (+2); 497.74 (+2) - 

Q9UM07 Protein-arginine deiminase type-4   ● 0 / 716 565.81 (+2); 385.25 (+2) - 

P61026 Ras-related protein Rab-10   ● 176 / 716 658.83 (+2); 430.21 (+3) - 

P62491 Ras-related protein Rab-11A   ● 125 / 716 637.81 (+2); 522.31 (+2); 540.79 (+2) - 

P08134 Rho-related GTP-binding protein RhoC   ● 77 / 716 544.79 (+2); 499.73 (+2) - 

P13489 Ribonuclease inhibitor   ● 70 / 716 575.26 (+2); 605.35 (+2) - 

P02787 Serotransferrin   ● 11 / 716 863.39 (+2); 489.75 (+2) - 

Q9UIV8 Serpin B13   ● 1 / 716 

733.37 (+2); 819.36 (+2); 481.75 (+2); 

532.28 (+3); 529.58 (+3); 420.24 (+2); 

419.24 (+2) 

- 

P29508 Serpin B3   ● 45 / 716 511.82 (+2); 431.26 (+2); 432.74 (+2) - 

P22531 Small proline-rich protein 2E   ● 28 / 716 753.36 (+2); 732.85 (+2); 715.32 (+3) - 

P11169 
Solute carrier family 2, facilitated 

glucose transporter member 3 
  ● 1 / 716 441.22 (+2); 552.82 (+2) 

- 
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O00391 Sulfhydryl oxidase 1   ● 1 / 716 473.75 (+2); 678.84 (+2); 557.81 (+2) - 

Q6UWP8 Suprabasin   ● 68 / 716 
691.36 (+2); 859.90 (+2); 434.70 (+4); 

441.71 (+4) 

- 

P10599 Thioredoxin   ● 432 / 716 668.82 (+2); 493.93 (+3); 611.27 (+2) - 

P07996 Thrombospondin-1   ● 14 / 716 
623.85 (+2); 515.75 (+2); 515.60 (+3); 

625.97 (+3) 

- 

Q86T26 Transmembrane protease serine 11B   ● 0 / 716 572.82 (+2); 415.72 (+2) - 

P06753 Tropomyosin alpha-3 chain   ● 354 / 716 454.73 (+4); 576.63 (+3); 491.59 (+3) - 

Q71U36 Tubulin alpha-1A chain   ● 694 / 716 508.29 (+2); 573.63 (+3); 633.28 (+2) - 

Q13885 Tubulin beta-2A chain   ● 675 / 716 623.30 (+2); 580.32 (+2) - 

P09769 Tyrosine-protein kinase Fgr   ● 157 / 716 431.74 (+2); 471.77 (+2); 433.74 (+2) - 

P62987 Ubiquitin-60S ribosomal protein L40   ● 462 / 716 894.47 (+2); 508.60 (+3); 541.28 (+2) - 

P18206 Vinculin   ● 156 / 716 585.83 (+2); 553.31 (+2) - 

O75083 WD repeat-containing protein 1   ● 89 / 716 513.29 (+3); 551.76 (+2) - 
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P69905 Hemoglobin subunit alpha  ●  ● 90 / 716 

P68871 Hemoglobin subunit beta ●  ● 113 / 716 

Q9Y6R7 IgGFc-binding protein  ● ● ● 4 / 716 

P0DOX2 Immunoglobulin alpha-2 heavy chain  ● ● ● Unmapped 

P0DOX3 Immunoglobulin delta heavy chain ●  ● Unmapped 
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P0DOX5 Immunoglobulin gamma-1 heavy chain  ● ● ● Unmapped 

P01876 
Immunoglobulin heavy constant  

alpha 1  
● ● ● 51 / 716 

P01859 
Immunoglobulin heavy constant 

gamma 2  
● ● ● 142 / 716 

P01860 
Immunoglobulin heavy constant 

gamma 3  
● ● ● 54 / 716 

P01861 
Immunoglobulin heavy constant 

gamma 4  
● ● ● 52 / 716 

P01871 Immunoglobulin heavy constant mu  ● ● ● 2 / 716 

A0A0A0MS

14 
Immunoglobulin heavy variable 1-45  ●   43 / 716 

A0A0B4J1V

0 
Immunoglobulin heavy variable 3-15  ● ● ● 1 / 716 

P01768 Immunoglobulin heavy variable 3-30  ●  ● 1 / 716 

A0A0A0MS

15 
Immunoglobulin heavy variable 3-49  ● ● ● 0 / 716 

A0A0J9YX3

5 

Immunoglobulin heavy variable  

3-64D 
● ● ● 2 / 716 

P01780 Immunoglobulin heavy variable 3-7  ● ● ● 0 / 716 

A0A0B4J1X

5 
Immunoglobulin heavy variable 3-74  ● ● ● 0 / 716 

P06331 Immunoglobulin heavy variable 4-34 ● ● ● 0 / 716 

A0A0B4J1U

7 
Immunoglobulin heavy variable 6-1  ● ● ● 6 / 716 

P01591 Immunoglobulin J chain ● ● ● 16 / 716 

P01834 Immunoglobulin kappa constant  ● ● ● 36 / 716 

P0DOX7 Immunoglobulin kappa light chain ● ● ● Unmapped 

P01599 Immunoglobulin kappa variable 1-17  ● ● ● 0 / 716 

P06310 Immunoglobulin kappa variable 2-30 ● ●  218 / 716 
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CONTAMINANTS FROM SAMPLE MANIPULATION AND THE SAMPLE ITSELF 

UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 

A0A087WW

87 
Immunoglobulin kappa variable 2-40 ● ● ● 220 / 716 

P01619 Immunoglobulin kappa variable 3-20  ● ● ● 1 / 716 

A0A0A0MR

Z8 

Immunoglobulin kappa variable  

3D-11  
● ● ● 1 / 716 

P06312 Immunoglobulin kappa variable 4-1 ● ● ● 29 / 716 

P0DOY2 Immunoglobulin lambda constant 2 ● ● ● 33 / 716 

P01700 
Immunoglobulin lambda variable  

1-47 
●  ● 0 / 716 

P01701 
Immunoglobulin lambda variable  

1-51  
● ● ● 0 / 716 

A0A075B6K

5 

Immunoglobulin lambda variable  

3-9  
●   0 / 716 

A0A075B6I0 
Immunoglobulin lambda variable  

8-61 
● ●  0 / 716 

B9A064 
Immunoglobulin lambda-like 

polypeptide 5 
● ● ● 20 / 716 

P13645 Keratin, type I cytoskeletal 10 ● ● ● 616 / 716 

P13646 Keratin, type I cytoskeletal 13 ● ● ● 441 / 716 

P02533 Keratin, type I cytoskeletal 14  ● ● ● 523 / 716 

P08779 Keratin, type I cytoskeletal 16  ● ● ● 516 / 716 

Q04695 Keratin, type I cytoskeletal 17 ● ● ● 465 / 716 

P08727 Keratin, type I cytoskeletal 19  ●  ● 506 / 716 

P35527 Keratin, type I cytoskeletal 9  ● ● ● 577 / 716 

Q14533 Keratin, type II cuticular Hb1 ●  ● 131 / 716 

P04264 Keratin, type II cytoskeletal 1  ● ● ● 671 / 716 

P35908 
Keratin, type II cytoskeletal 2 

epidermal 
● ● ● 628 / 716 

P19013 Keratin, type II cytoskeletal 4 ● ● ● 391 / 716 

P13647 Keratin, type II cytoskeletal 5 ● ● ● 508 / 716 
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CONTAMINANTS FROM SAMPLE MANIPULATION AND THE SAMPLE ITSELF 

UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 

P02538 Keratin, type II cytoskeletal 6A ● ● ● 515 / 716 

P04259 Keratin, type II cytoskeletal 6B ● ● ● 570 / 716 

Q8N1N4 Keratin, type II cytoskeletal 78 ● ● ● 191 / 716 

Q5T749 Keratinocyte proline-rich protein  ● ● ● 81 / 716 

A0A0C4DH3

6 

Probable non-functional 

immunoglobulin heavy variable 3-38  
●   0 / 716 

P27105 Stomatin OS=Homo sapiens  ● ● ● 10 / 716 

A0A075B6K

4 

Immunoglobulin lambda variable  

3-10 
 ● ● 0 / 716 

A0A075B6R

2 

Immunoglobulin heavy variable  

4-4 
  ● 0 / 716 

A0A075B6R

9 

Probable non-functional 

immunoglobulin kappa variable 

2D-24 

  ● 25 / 716 

A0A075B6S

5 
Immunoglobulin kappa variable 1-27   ● 16 / 716 

A0A0B4J1Y

9 
Immunoglobulin heavy variable 3-72   ● 0 / 716 

A0A0C4DH3

4 
Immunoglobulin heavy variable 4-28   ● 0 / 716 

A0A0C4DH3

8 
Immunoglobulin heavy variable 5-51  ● ● 0 / 716 

P01593 
Immunoglobulin kappa variable  

1D-33 
  ● 10 / 716 

P01714 
Immunoglobulin lambda variable 3 

-19  
  ● 0 / 716 

P01718 
Immunoglobulin lambda variable  

3-27  
  ● 0 / 716 

P04430 Immunoglobulin kappa variable 1-16   ● ● 0 / 716 

P23083 Immunoglobulin heavy variable 1-2   ● ● 0 / 716 
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CONTAMINANTS FROM SAMPLE MANIPULATION AND THE SAMPLE ITSELF 

UniProt-KB 

Code 
Protein name 

AD and HC 

(R-) 

NEG 

(R-) 

AD and HC 

(NR-) 

CRAPome 

(found/total) 

Q01546 Keratin, type II cytoskeletal 2 oral   ● 426 / 716 

Q6KB66 Keratin, type II cytoskeletal 80   ● ● 281 / 716 

Q7Z794 Keratin, type II cytoskeletal 1b    ● 592 / 716 

Q86Y46 Keratin, type II cytoskeletal 73    ● 231 / 716 

A0A0B4J1V

2 
Immunoglobulin heavy variable 2-26  ●  0 / 716 

A0A0B4J1Y

8 

Immunoglobulin lambda variable  

9-49  
 ●  0 / 716 

A0M8Q6 Immunoglobulin lambda constant 7  ●  14 / 716 

P0DP04 
Immunoglobulin heavy variable  

3-43D 
 ●  0 / 716 

P15814 
Immunoglobulin lambda-like 

polypeptide 1 
 ●  3 / 716 
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Fig. S3.1: Charts of  all MF (panel A), CC (panel B), and BP (panel C) annotated for cystatin B and all its interactors according to GO-terms. 

Proteins are identified by their Uniprot-KB codes (x-axis) and are in the same order of Table 3.4 (from left to right), while GO-terms are annotated 

in the y-axis. The legend of colors is reported at the top of the figure.  

Legend: 

 

Fig. S3.1, panel A: Molecular Function (MF) according to GO-terms. 
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Fig S3.1, panel B: Cellular Component (CC) according to GO-terms. 
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Fig. S3.1, panel C: Biological Process (BP) according to GO-terms 
 

 



198 
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S3.3: Proteins excluded because found enriched in NEG (↑) or unchanged (-) between NEG and AD or HC groups despite showing a good 

CRAPome score. For each protein it is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p value 

and the fold change calculated by Perseus.   

 

  
Log2 LFQ abundances    AD vs NEG    HC vs NEG 

 UniProt-KB 

Code Protein Name AD HC NEG 
-Log10 

p value 

Fold 

change 

-Log10 

p value 

Fold 

chang

e 

P28799 Progranulin  16.1 17.7 17.3 17.2 17.6 17.1 20.1 19.9 1.8 -3.0 3.0 -2.7 ↑ NEG 

P05089 Arginase-1  15.7 17.5 17.0 16.9 17.4 16.9 20.6 18.9 1.3 -3.0 1.6 -2.7 ↑ NEG 

Q6P4A8 Phospholipase B-like 1  15.8 16.8 16.2 16.9 16.8 16.1 18.1 17.5 1.4 -1.5 1.3 -1.2 ↑ NEG 

Q08554 Desmocollin-1  15.9 17.0 17.1 17.0 17.0 17.0 21.4 18.8 1.3 -3.4 1.3 -3.1 ↑ NEG 

Q9NP55 BPI fold-containing family A member 1  15.5 16.5 16.0 16.7 16.4 15.9 16.7 17.9 1.0 -1.3 0.8 -1.0 - 

Q9NZT1 Calmodulin-like protein 5  16.9 16.9 17.9 17.9 16.8 17.8 18.5 17.0 0.3 -0.5 0.1 -0.2 - 

P04040 Catalase  16.8 16.6 17.3 17.8 16.5 17.2 19.8 17.9 1.1 -2.0 0.9 -1.7 - 

Q5D862 Filaggrin-2  15.9 16.4 17.2 17.0 16.4 17.1 17.9 16.2 0.2 -0.5 0.1 -0.2 - 

Q9H4G4 
Golgi-associated plant pathogenesis-

related protein 1  
16.8 16.3 17.4 17.8 16.2 17.2 17.0 18.1 0.5 -0.7 0.3 -0.5 - 

P22735 
Protein-glutamine gamma-

glutamyltransferase K  
17.3 15.9 16.7 18.2 15.9 16.6 18.9 17.3 0.8 -1.5 0.5 -1.2 - 

P02647 Apolipoprotein A-I  17.7 16.0 19.2 18.8 17.4 19.2 19.6 19.7 0.7 -2.0 0.8 -1.2 - 

P20160 Azurocidin  25.1 25.6 25.7 25.0 24.0 25.1 24.0 24.4 1.8 1.2 0.4 0.5 - 

P02747 
Complement C1q subcomponent 

subunit C  
20.0 21.1 20.7 22.5 21.6 22.3 21.4 21.9 1.0 -1.1 0.5 0.5 - 

P01024 Complement C3  20.0 18.5 18.8 19.7 18.9 18.9 19.3 18.2 0.2 0.3 0.3 0.4 - 

P12830 Cadherin-1  20.1 19.5 19.3 19.4 18.3 17.4 19.1 18.8 0.9 0.7 0.3 -0.6 - 

Q14CN2 
Calcium-activated chloride channel 

regulator 4  
17.9 16.9 16.8 17.3 16.9 15.8 16.4 15.7 0.9 1.1 0.4 0.6 - 

Q9UGM3 
Deleted in malignant brain tumors 1 

protein  
26.7 26.2 26.9 26.4 26.4 26.5 25.6 24.6 1.4 1.5 1.5 1.3 - 
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Log2 LFQ abundances    AD vs NEG    HC vs NEG 

 UniProt-KB 

Code Protein Name AD HC NEG 
-Log10 

p value 

Fold 

change 

-Log10 

p value 

Fold 

chang

e 

Q02413 Desmoglein-1  15.8 18.4 19.5 19.0 19.1 18.3 21.6 20.0 0.8 -2.9 1.3 -2.0 ↑ NEG 

P00738 Haptoglobin  20.5 20.3 19.8 20.1 17.9 19.6 19.2 20.3 0.4 0.5 0.2 -0.5 - 

Q9P0G3 Kallikrein-14  19.8 20.1 19.7 20.0 19.2 20.2 18.4 19.1 1.5 1.2 0.9 1.1 - 

Q08380 Galectin-3-binding protein  21.8 20.8 22.1 21.4 21.0 21.7 21.3 20.4 0.5 0.7 0.5 0.5 - 

P02788 Lactotransferrin  26.0 24.5 25.2 26.6 26.2 26.5 26.3 25.0 0.2 -0.4 0.7 0.8 - 

P61626 Lysozyme C  24.5 24.9 24.2 25.2 23.5 23.6 24.0 23.7 1.0 0.7 0.1 0.2 - 

O75594 Peptidoglycan recognition protein 1  18.7 18.4 18.5 18.1 17.7 18.0 18.2 19.3 0.2 -0.2 0.8 -0.8 - 

P01833 Polymeric immunoglobulin receptor  27.2 25.1 25.6 25.9 25.6 25.6 26.3 25.8 0.1 -0.1 0.7 -0.4 - 

Q13835 Plakophilin-1  17.0 18.9 19.5 19.8 19.2 18.8 19.8 16.4 0.1 0.4 0.4 1.2 - 

P12724 Eosinophil cationic protein  22.7 22.6 20.9 22.3 23.2 21.6 19.8 21.6 0.6 1.4 0.8 1.7 - 

Q96P63 Serpin B12  16.4 18.4 19.2 19.4 19.3 17.9 19.9 16.9 0.1 -0.4 0.1 0.5 - 

P03973 Antileukoproteinase  25.9 26.8 25.4 26.2 25.4 25.4 25.8 26.2 0.0 0.0 0.3 -0.3 - 
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Table S3.4: Perseus matrix of proteins unchanged between AD and HC groups after statistics of cystatin B and its interactors. For each protein it 

is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p value and the fold change calculated by 

Perseus. 

 

  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

O75131 Copine-3  17.7 17.4 17.6 18.7 18.5 18.2 2.2 -0.9 

P31146 Coronin-1A  22.2 22.2 22.7 23.2 22.9 23.1 1.7 -0.7 

Q8TDL5 BPI fold-containing family B member 1  23.8 24.0 24.0 24.3 25.0 25.3 1.5 -1.0 

Q9HC84 Mucin-5B  24.6 24.6 24.5 24.3 23.5 23.5 1.4 0.8 

P02679 Fibrinogen gamma chain  22.4 22.0 22.0 22.9 22.8 22.4 1.4 -0.5 

P20292 Arachidonate 5-lipoxygenase-activating protein  21.3 21.7 21.9 22.6 22.3 22.1 1.3 -0.7 

P23280 Carbonic anhydrase 6  24.0 24.4 24.1 23.2 22.9 23.9 1.3 0.8 

Q8N4F0 BPI fold-containing family B member 2 24.6 24.0 24.2 23.9 23.3 23.6 1.2 0.6 

P32926 Desmoglein-3  19.9 19.9 20.2 21.0 20.4 20.4 1.2 -0.6 

Q96DR5 BPI fold-containing family A member 2 26.6 24.8 25.9 24.9 23.1 24.4 1.0 1.6 

P28325 Cystatin-D  22.8 22.0 22.2 22.1 20.4 20.8 1.0 1.2 

Q96DA0 Zymogen granule protein 16 homolog B  27.0 26.4 26.9 26.3 24.9 26.1 1.0 1.0 

P0DTE7 Alpha-amylase 1B  26.7 27.0 26.6 25.8 26.6 26.0 1.0 0.6 

P29373 Cellular retinoic acid-binding protein 2  20.7 20.1 20.6 20.3 19.6 19.3 1.0 0.8 

P13796 Plastin-2  22.8 22.5 22.5 22.4 22.4 22.2 0.9 0.3 

P22079 Lactoperoxidase  20.6 20.7 21.2 20.3 20.2 20.6 0.9 0.4 

P08246 Neutrophil elastase  27.9 28.5 29.0 27.5 27.6 28.1 0.9 0.7 

P01037 Cystatin-SN  24.3 24.4 24.7 24.0 22.9 24.2 0.9 0.8 

P04792 Heat shock protein beta-1  21.3 22.6 23.1 23.3 23.2 23.7 0.9 -1.1 

P08311 Cathepsin G  27.5 28.4 28.3 27.5 26.9 27.7 0.9 0.7 

A8K2U0 Alpha-2-macroglobulin-like protein 1  21.3 20.8 20.9 21.8 21.3 21.3 0.9 -0.4 

P52566 Rho GDP-dissociation inhibitor 2  20.9 19.6 20.6 20.0 18.8 19.6 0.8 0.9 

P49913 Cathelicidin antimicrobial peptide  19.1 19.2 19.8 18.3 18.2 19.3 0.8 0.8 
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  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

P30740 Leukocyte elastase inhibitor  23.5 23.4 23.3 23.1 22.5 23.3 0.8 0.4 

P54108 Cysteine-rich secretory protein 3  21.6 20.7 21.0 20.6 19.4 20.7 0.8 0.8 

P01034 Cystatin-C  21.1 22.1 21.5 21.6 20.3 20.6 0.7 0.8 

P59665 Neutrophil defensin 1  27.4 27.6 28.1 27.6 28.6 28.7 0.7 -0.6 

P14780 Matrix metalloproteinase-9  19.3 17.9 18.3 19.1 19.8 18.8 0.7 -0.8 

P50995 Annexin A11  18.7 18.9 19.4 19.0 19.8 19.6 0.7 -0.5 

P31930 Cytochrome b-c1 complex subunit 1 18.8 18.8 18.9 19.0 19.8 18.9 0.7 -0.4 

P09211 Glutathione S-transferase P  22.8 23.1 23.2 23.1 22.4 22.5 0.6 0.4 

Q16851 UTP--glucose-1-phosphate uridylyltransferase  18.9 19.4 19.4 19.3 19.7 19.6 0.6 -0.3 

P47929 Galectin-7  20.2 20.4 20.2 21.7 20.9 20.1 0.6 -0.6 

P04080 Cystatin-B  26.6 25.9 25.6 26.4 24.8 24.0 0.6 1.0 

P24158 Myeloblastin  23.4 24.2 24.5 23.7 22.6 23.8 0.6 0.7 

P05164 Myeloperoxidase  26.3 26.6 26.3 26.2 26.3 26.2 0.6 0.1 

P09228 Cystatin-SA  19.3 17.8 19.2 18.2 16.9 18.5 0.6 0.9 

P11215 Integrin alpha-M  22.0 19.9 20.4 21.9 21.7 20.9 0.5 -0.8 

P0C0L4 Complement C4-A  19.4 17.6 17.7 18.9 18.9 18.7 0.4 -0.6 

P06702 Protein S100-A9  25.7 25.0 25.8 25.8 24.8 24.5 0.4 0.5 

P51159 Ras-related protein Rab-27A  19.2 19.5 20.4 20.7 19.4 20.4 0.4 -0.5 

P15104 Glutamine synthetase 18.5 17.3 18.5 18.5 15.3 17.7 0.4 0.9 

Q96HE7 ERO1-like protein alpha  18.3 19.2 20.3 20.0 19.5 19.8 0.4 -0.5 

P05107 Integrin beta-2  21.8 20.2 21.1 21.5 21.4 21.3 0.4 -0.4 

Q01469 Fatty acid-binding protein 5  24.0 24.2 23.7 24.2 23.6 23.5 0.3 0.2 

P12429 Annexin A3  23.4 22.8 23.2 23.2 21.3 23.3 0.3 0.5 

O15144 Actin-related protein 2/3 complex subunit 2  19.0 18.3 18.6 19.0 16.4 18.6 0.3 0.6 

P12273 Prolactin-inducible protein  25.7 24.7 24.3 25.0 24.6 24.0 0.3 0.4 

P08758 Annexin A5  19.0 18.3 19.3 19.0 17.1 19.0 0.3 0.5 

P01009 Alpha-1-antitrypsin  20.4 19.9 19.7 19.8 20.0 19.5 0.3 0.2 

P52209 6-phosphogluconate dehydrogenase, decarboxylating  24.2 24.0 24.3 24.2 23.9 24.1 0.3 0.1 
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  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

P11413 Glucose-6-phosphate 1-dehydrogenase  20.4 20.6 20.5 20.5 20.6 20.4 0.2 0.0 

P04899 Guanine nucleotide-binding protein G(i) subunit alpha-2  20.3 20.1 21.0 21.0 20.2 20.9 0.2 -0.2 

P02671 Fibrinogen alpha chain  20.2 18.9 19.9 20.4 19.6 19.7 0.2 -0.3 

P05109 Protein S100-A8  26.6 26.4 27.0 26.9 26.4 27.3 0.2 -0.2 

P06731 Carcinoembryonic antigen-related cell adhesion molecule 5  20.1 17.6 19.3 18.9 19.6 19.7 0.2 -0.4 

P06396 Gelsolin  20.5 20.3 21.3 20.9 20.4 21.4 0.2 -0.2 

P17931 Galectin-3  19.0 20.1 20.3 20.4 19.7 20.0 0.2 -0.2 

P04083 Annexin A1  26.5 26.0 26.9 26.8 25.5 26.6 0.1 0.2 

Q9UBG3 Cornulin  18.6 20.5 22.6 21.6 20.4 21.1 0.1 -0.4 

P50395 Rab GDP dissociation inhibitor beta  19.2 18.8 19.7 19.4 18.6 19.4 0.1 0.1 

P41218 Myeloid cell nuclear differentiation antigen  22.6 21.7 23.1 23.1 21.9 23.1 0.1 -0.2 

P61158 Actin-related protein 3  18.3 18.5 18.7 18.7 17.4 18.9 0.1 0.2 

P08962 CD63 antigen  20.8 18.3 19.4 20.0 18.7 19.2 0.1 0.2 

P60763 Ras-related C3 botulinum toxin substrate 3  21.7 21.6 22.1 22.1 21.6 21.4 0.1 0.1 

Q9HDC9 Adipocyte plasma membrane-associated protein  20.8 19.4 20.3 20.6 18.9 20.4 0.1 0.2 

P02675 Fibrinogen beta chain  21.9 20.8 20.9 21.2 21.3 21.3 0.1 -0.1 

P59998 Actin-related protein 2/3 complex subunit 4  18.9 19.4 18.8 19.6 19.8 17.1 0.1 0.2 

Q16610 Extracellular matrix protein 1  19.8 20.2 20.8 20.7 20.0 20.2 0.1 -0.1 

Q9UBC9 Small proline-rich protein 3  21.3 21.9 23.7 22.3 21.7 22.6 0.1 0.1 

P36952 Serpin B5  20.0 19.4 20.7 20.6 19.6 20.1 0.0 -0.1 

P48594 Serpin B4  21.0 20.6 21.4 21.2 20.7 21.1 0.0 0.0 

P29401 Transketolase  20.9 20.8 21.4 20.9 20.8 21.5 0.0 0.0 

O15162 Phospholipid scramblase 1  18.2 19.0 18.6 19.1 18.1 18.7 0.0 0.0 

P06744 Glucose-6-phosphate isomerase  21.4 21.4 22.2 21.6 21.6 21.8 0.0 0.0 

Q08188 Protein-glutamine gamma-glutamyltransferase E  26.0 24.3 24.9 25.4 24.7 25.1 0.0 0.0 

P06703 Protein S100-A6  19.3 19.8 20.9 19.4 19.9 20.6 0.0 0.0 
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Table S3.5: Perseus matrix of proteins unchanged between AD and HC groups after statistics of stoichiometric ratios between cystatin B interactors 

and cystatin B itself. For each protein it is reported the UniProt-KB code, the LFQ abundance in log2 scale measured in each replicate, the p value 

and the fold change calculated by Perseus.  

 

  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

A8K2U0 Alpha-2-macroglobulin-like protein 1  -5.2 -5.1 -4.8 -4.6 -3.5 -2.8 1.2 -1.4 

P32926 Desmoglein-3  -6.6 -6.0 -5.4 -5.3 -4.4 -3.6 1.2 -1.6 

P02679 Fibrinogen gamma chain  -4.2 -3.9 -3.6 -3.5 -2.0 -1.6 1.2 -1.5 

P60174 Triosephosphate isomerase  -8.7 -7.7 -6.7 -6.7 -5.4 -3.9 1.1 -2.4 

P20292 Arachidonate 5-lipoxygenase-activating protein  -5.3 -4.2 -3.7 -3.8 -2.4 -1.9 1.1 -1.7 

P14780 Matrix metalloproteinase-9  -7.3 -8.0 -7.4 -7.3 -4.9 -5.2 1.1 -1.8 

P31146 Coronin-1A  -4.4 -3.7 -2.9 -3.2 -1.9 -0.9 1.0 -1.7 

P28676 Grancalcin  -4.6 -3.2 -2.5 -2.6 -1.4 0.0 1.0 -2.1 

P0C0L4 Complement C4-A  -7.2 -8.3 -8.0 -7.5 -5.9 -5.3 1.0 -1.6 

P02671 Fibrinogen alpha chain  -6.4 -7.0 -5.8 -6.0 -5.1 -4.4 1.0 -1.3 

P05107 Integrin beta-2  -4.8 -5.7 -4.6 -4.9 -3.4 -2.7 0.9 -1.4 

Q8TDL5 BPI fold-containing family B member 1  -2.8 -1.9 -1.7 -2.0 0.2 1.3 0.9 -2.0 

P04792 Heat shock protein beta-1  -5.3 -3.3 -2.6 -3.1 -1.6 -0.4 0.8 -2.1 

P51159 Ras-related protein Rab-27A  -7.4 -6.4 -5.3 -5.7 -5.3 -3.6 0.8 -1.5 

P31930 Cytochrome b-c1 complex subunit 1 -7.8 -7.1 -6.7 -7.3 -5.0 -5.1 0.8 -1.4 

P60763 Ras-related C3 botulinum toxin substrate 3  -4.9 -4.3 -3.5 -4.2 -3.1 -2.6 0.7 -0.9 

P02675 Fibrinogen beta chain  -4.7 -5.1 -4.8 -5.1 -3.5 -2.7 0.7 -1.1 

P04899 Guanine nucleotide-binding protein G(i) subunit alpha-2  -6.2 -5.8 -4.6 -5.4 -4.6 -3.1 0.7 -1.2 

Q08188 Protein-glutamine gamma-glutamyltransferase E  -0.6 -1.6 -0.7 -0.9 -0.1 1.1 0.7 -1.0 

Q01469 Fatty acid-binding protein 5  -2.6 -1.7 -1.9 -2.1 -1.2 -0.6 0.7 -0.8 

Q96HE7 ERO1-like protein alpha  -8.3 -6.7 -5.4 -6.3 -5.3 -4.2 0.7 -1.5 

P50995 Annexin A11  -7.9 -7.0 -6.2 -7.3 -5.0 -4.5 0.7 -1.5 

Q16851 UTP--glucose-1-phosphate uridylyltransferase  -7.7 -6.5 -6.2 -7.0 -5.1 -4.5 0.6 -1.3 



205 
 

  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

O15162 Phospholipid scramblase 1  -8.3 -6.9 -7.1 -7.2 -6.7 -5.4 0.6 -1.0 

P59665 Neutrophil defensin 1  0.8 1.7 2.5 1.2 3.9 4.7 0.6 -1.6 

P36952 Serpin B5  -6.5 -6.5 -4.9 -5.7 -5.2 -3.9 0.6 -1.1 

P12273 Prolactin-inducible protein  -0.8 -1.2 -1.3 -1.4 -0.1 0.0 0.6 -0.6 

P17931 Galectin-3  -7.6 -5.8 -5.3 -6.0 -5.1 -4.0 0.6 -1.2 

P05109 Protein S100-A8  0.0 0.5 1.4 0.5 1.6 3.3 0.6 -1.2 

Q16610 Extracellular matrix protein 1  -6.8 -5.7 -4.8 -5.7 -4.7 -3.8 0.6 -1.1 

P41218 Myeloid cell nuclear differentiation antigen  -4.0 -4.2 -2.5 -3.3 -2.8 -0.9 0.6 -1.2 

P48594 Serpin B4  -5.6 -5.3 -4.2 -5.1 -4.0 -2.9 0.6 -1.0 

P06731 Carcinoembryonic antigen-related cell adhesion molecule 5  -6.5 -8.3 -6.4 -7.4 -5.2 -4.4 0.6 -1.4 

P01009 Alpha-1-antitrypsin  -6.2 -6.0 -6.0 -6.5 -4.7 -4.5 0.6 -0.8 

P11413 Glucose-6-phosphate 1-dehydrogenase  -6.2 -5.3 -5.1 -5.9 -4.2 -3.6 0.6 -1.0 

P52209 6-phosphogluconate dehydrogenase, decarboxylating  -2.4 -1.9 -1.3 -2.1 -0.9 0.1 0.6 -0.9 

P06396 Gelsolin  -6.1 -5.6 -4.4 -5.4 -4.4 -2.7 0.6 -1.2 

P06702 Protein S100-A9  -0.9 -0.9 0.2 -0.5 0.1 0.5 0.5 -0.6 

P59998 Actin-related protein 2/3 complex subunit 4  -7.7 -6.6 -6.8 -6.7 -5.0 -6.9 0.5 -0.8 

P13796 Plastin-2  -3.8 -3.4 -3.2 -3.9 -2.4 -1.8 0.5 -0.7 

P05164 Myeloperoxidase  -0.3 0.7 0.7 -0.2 1.6 2.2 0.5 -0.9 

P06744 Glucose-6-phosphate isomerase  -5.2 -4.5 -3.5 -4.8 -3.1 -2.2 0.5 -1.0 

P29401 Transketolase  -5.7 -5.1 -4.2 -5.5 -4.0 -2.5 0.5 -1.0 

P50395 Rab GDP dissociation inhibitor beta  -7.4 -7.1 -5.9 -7.0 -6.2 -4.6 0.5 -0.9 

P08962 CD63 antigen  -5.7 -7.6 -6.3 -6.4 -6.1 -4.9 0.5 -0.8 

P04083 Annexin A1  0.0 0.1 1.3 0.5 0.8 2.6 0.5 -0.8 

P08493 Matrix Gla protein  -4.4 -3.3 -3.8 -5.2 -4.4 -3.6 0.4 0.6 

Q9HDC9 Adipocyte plasma membrane-associated protein  -5.8 -6.5 -5.3 -5.7 -5.9 -3.6 0.4 -0.8 

P09211 Glutathione S-transferase P  -3.8 -2.8 -2.4 -3.3 -2.3 -1.5 0.4 -0.6 

Q9UBG3 Cornulin  -7.9 -5.4 -3.1 -4.7 -4.4 -2.9 0.4 -1.4 

P61158 Actin-related protein 3  -8.3 -7.4 -6.9 -7.6 -7.4 -5.1 0.4 -0.8 
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  Log2 LFQ abundances AD VS HC 

UniProt-KB Code Protein name AD HC 
-Log10 

p value 

Fold 

change 

Q96DR5 BPI fold-containing family A member 2 0.0 -1.1 0.3 -1.5 -1.6 0.4 0.3 0.6 

P06703 Protein S100-A6  -7.3 -6.1 -4.8 -6.9 -4.9 -3.4 0.3 -1.0 

P30740 Leukocyte elastase inhibitor  -3.1 -2.5 -2.3 -3.2 -2.3 -0.7 0.3 -0.6 

Q9UBC9 Small proline-rich protein 3  -5.3 -4.0 -1.9 -4.1 -3.1 -1.5 0.3 -0.9 

P22079 Lactoperoxidase  -6.0 -5.2 -4.5 -6.1 -4.5 -3.4 0.3 -0.6 

Q8N4F0 BPI fold-containing family B member 2 -2.0 -1.9 -1.4 -2.5 -1.4 -0.4 0.2 -0.4 

P08758 Annexin A5  -7.6 -7.6 -6.4 -7.3 -7.7 -5.0 0.2 -0.5 

P29373 Cellular retinoic acid-binding protein 2  -5.9 -5.8 -5.1 -6.0 -5.2 -4.8 0.2 -0.2 

P28325 Cystatin-D  -3.8 -3.9 -3.5 -4.3 -4.3 -3.2 0.2 0.2 

P12429 Annexin A3  -3.1 -3.1 -2.5 -3.1 -3.5 -0.7 0.2 -0.5 

O15144 Actin-related protein 2/3 complex subunit 2  -7.6 -7.6 -7.0 -7.3 -8.4 -5.4 0.2 -0.4 

P0DTE7 Alpha-amylase 1B  0.1 1.1 0.9 -0.6 1.9 2.0 0.2 -0.4 

P01034 Cystatin-C  -5.4 -3.8 -4.2 -4.7 -4.5 -3.4 0.1 -0.3 

Q9HC84 Mucin-5B  -2.0 -1.3 -1.1 -2.1 -1.3 -0.5 0.1 -0.2 

P24158 Myeloblastin  -3.2 -1.7 -1.1 -2.7 -2.2 -0.2 0.1 -0.3 

P17213 Bactericidal permeability-increasing protein  -1.8 -1.0 -1.0 -3.0 -0.9 -0.7 0.1 0.3 

P08311 Cathepsin G  0.9 2.6 2.7 1.1 2.2 3.6 0.1 -0.3 

P08246 Neutrophil elastase  1.3 2.6 3.3 1.1 2.9 4.1 0.1 -0.3 

P01037 Cystatin-SN  -2.3 -1.5 -0.9 -2.4 -1.8 0.2 0.1 -0.2 

Q8TAX7 Mucin-7  -1.6 -1.7 -0.6 -2.7 -1.1 -0.6 0.1 0.2 

P49913 Cathelicidin antimicrobial peptide  -7.5 -6.7 -5.8 -8.1 -6.5 -4.7 0.1 -0.2 

P54108 Cysteine-rich secretory protein 3  -5.0 -5.2 -4.6 -5.7 -5.4 -3.3 0.1 -0.2 

P23280 Carbonic anhydrase 6  -2.6 -1.5 -1.5 -3.2 -1.8 -0.1 0.1 -0.2 

P09228 Cystatin-SA  -7.2 -8.1 -6.4 -8.2 -7.8 -5.5 0.0 -0.1 

P52566 Rho GDP-dissociation inhibitor 2  -5.7 -6.3 -5.0 -6.4 -6.0 -4.4 0.0 -0.1 

P15104 Glutamine synthetase -8.1 -8.6 -7.1 -7.9 -9.4 -6.3 0.0 -0.1 

Q96DA0 Zymogen granule protein 16 homolog B  -5.2 -5.1 -4.8 -4.6 -3.5 -2.8 1.2 -1.4 
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