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Abstract

The “~OMICS” sciences elaborated in the last twenty years had permitted to introduce the
biotechnological era, offering opportunities in cellular and molecular research.
In particular, proteomics is an unbiased approach aimed to detect a list of candidate proteins
used to develop further targeted studies. Proteomic approach can be applied to the study of
various biological samples, among these Broncho-Alveolar Lavage (BAL), particularly
useful to study pathogenetic mechanisms and potential biomarkers in interstitial lung
diseases (ILDs). Initially, we used a proteomic approach specifically to analyze BAL
protein composition of patients with Pulmonary Langerhans Cells Histiocytosis (PLCH)
and of healthy smoker (sc) and non-smoker controls (nsc) to obtain insights into the
pathogenetic mechanisms of the disease, to study the effect of cigarette smoking on
susceptibility to PLCH and to identify potential new biomarkers. BAL of 5PLCH, 5 sc and
5 nsc were resolved by 2D-electrophoresis. The Image Master Platinum 7.0 software was
used to compare the obtained electropherograms and to define characteristic differences in
protein expression, identified by mass spectrometry (MALDI-ToF and ESI-ion TRAP). The
proteins identified had antioxidant, pro-inflammatory and anti-protease functions. Many,
such as protease inhibitors and antioxidant proteins have been already linked to PLCH
pathogenesis, whereas other proteins have never been associated with the disease.
Interestingly, numerous proteolytic fragments of plasma proteins were also identified
suggesting an increased proteolytic activity in this inflammatory lung disease. Differences
in protein expression were found between the three groups and confirmed by Principal
Component Analysis (PCA).

Moreover, proteomic approach to the BAL study is considered extremely useful in order to
analyze in depth the pathogenesis of interstitial lung diseases such as Idiopatic Pulmonary
Fibrosis (IPF), Sarcoidosis (Sar), PLCH and pulmonary fibrosis associated to Systemic
Sclerosis (Ssc) and characterize their different protein profile, to obtain new insight on the
disease pathogenetic mechanisms and to identify potential biomarkers. Multivariate
analysis, such as PCA, was used to confirm the association between differentially expressed
proteins and the different conditions analyzed. System biology elaboration of the identified
proteins by MetaCore software, highlighted new gene products involved such as
transcriptional factors AP-1, NK-kB and p53 as well as signaling pathways such as immune
response, blood coagulations and Slit-Robo signaling in ILDs pathogenesis.

In conclusion proteomic analysis on ILDs can help to identify proteins of interest to be

analyzed as potential biomarkers to allow a faster and distinctive diagnosis of these
pathologies. PCA can help



to classify unknown samples in the appropriate group and system biology suggests
pathways and/or gene products not necessarily take into consideration using only proteomic
analysis.



Index

Introduction to proteomics 6
Proteomics as biomarker research 6
Two Dimensional electrophoresis 9
Protein identification: mass spectrometry MALDI ToF 10
Protein identification: Chromatography coupled to tandem mass spectrometry 12
Multivariate analysis by Principal Component Analysis 13
System biology and MetaCore 14

Chapter1

Proteome analysis of bronchoalveolar lavage in Pulmonary Langerhans Cells Histiocytosis

Introduction 16
Pulmonary Langerhans cell histiocytosis and cigarettes smoke 16
Materials and methods 17
Population 17
Bronchoalveolar lavage 18
Two-Dimensional Gel Electrophoresis (2DE) 18
Statistical analysis: ANOVA and Tukey’s test 19
Mass Spectrometry: MALDI ToF 19

Multivariate analysis 20



Results 21

Population 21
Proteome analysis 21
Multivariate analysis 23
Discussion 24
Population 24
Two dimensional electrophoresis 24
PCA 27
Conclusion 28
Chapter 2

Multivariate analysis of BALF protein expression profiles can help to
distinguish between interstitial lung diseases: Sar, PLCH, IPF, SSc

Introduction 29
Interstitial lung diseases 29
Sarcoidosis 29
Idiopathic Pulmonary Fibrosis 32
Pulmonary Langerhans cells histiocytosis 35
Fibrosis associated to Systemic sclerosis 37
Bronchoalveolar lavage fluid 39

Proteomic analysis of Sar, PLCH, IPF, fibrosis associated to SSc, sc and nsc 40



Materials and Methods
Preparation of BAL
Classical 2D-Electrophoresis

Protein identification by MALDI-ToF-MS
Protein identification by LC-MS/MS analysis
Statistical analysis by Principal Component Analysis

Network analysis by MetaCore

Results

Proteomic analysis

Principal Component analysis
Network analysis by MetaCore

Discussion

Two dimensional electrophoresis
Principal Component analysis
Network analysis by MetaCore

Conclusion
Table and figure

Abbreviations
Reference

41
41
41
41
41
42
42

44
44
45
46

47
47
52
53

55



Introduction to proteomics

Proteomics as biomarker research

The science of Proteomics, one of the most important areas of research in the post-genomic
era, came about from the necessity to know not only what happens at the gene level but
also what happens at the protein level in a biological system. Proteomics represents the
functional state of a given biological compartment and the term “Proteome” was coined in
1994 during the Siena Meeting “From Genome to Proteome” to define the “PROTEin
expressed by a genOME”. More precisely, the proteome was defined as the set of proteins
expressed by an organ, organism or biological fluid at a given time, subject to specific
environmental, physiological, pathological conditions. Its study not only allows the
characterization of protein function and the protein structure, but also the characterization
of the protein-protein interactions and the post-translational modifications (1). The
proteomic analysis allows for a new molecular mechanisms discovery that in turn leads to
the development of new prognostic, diagnostic and therapeutic targets. The proteomic
potentiality resides in its ability to correlate physiological and /or pathological protein
patterns that distinguish themselves. Moreover, the integration between proteomics,
genomics, transcriptomics, bioinformatics and biostatistics has allowed for the development
of an important instrument for translational aspects of modern molecular medicine.
Inherently, proteomics is an unbiased approach aimed to detect a list of candidate proteins
used to develop further targeted studies. Instead, the introduction of bioinformatics not only
permits elaborating the analysis to find which protein spots are differently expressed
between the conditions considered, but also proposes a series of new procedures based on
“network enrichment” to highlight proteins of interest not necessarily included in the
proteomic results. These “new” proteins found, thanks to “network enrichment analysis”
were not found in proteomic analysis as a result of the inherent limitations of the technique
used to resolve the protein mixture. The “network enrichment analysis” takes into
consideration information from protein co-localization in protein-protein complex (2),
metabolic and signaling pathways, functional annotations of Gene Ontology (GO)
categories. The use of enrichment analysis allows to focalize attention on pathways or
functions not so obvious or significant in the original data obtained from proteomic
procedures. This global approach allows to investigate the complexity of the biological
system analyzed, in particular, the data organization can help to improve the understanding
of many biochemical pathways (3). The study of a protein set, representing a biological
system, becomes interesting when the changes in the normal protein composition are taken
into account. More specifically, these changes, observable thanks to the



analytical methods developed for the proteomics study, can be observed between the
different considered conditions such as, for instance healthy and diseased tissue. Intuitively,
these changes may be associated with the pathogenic mechanism, specific for that
pathology. Depending on these intuitions, quantitative proteomics, aim at the quantitative
and qualitative alteration measurement in the protein profile of the investigated biological
system. Moreover, quantitative proteomics can be applied to the study of the mechanisms
involved in the disease or in biomarker discovery. In conclusion, the advantage in
proteomic study, compared to “single path” methods where expressions of single proteins or
single genes are studied, is the ability to visualize the globality of the biological situation in
the examined conditions.

The analytical methodologies used in proteomics, subdivided into gel-based and gel-free,
are based on the initial separation step followed by visualization, analysis and identification
steps. The separative step aims to resolve complex protein mixtures in order to separate
each protein species contained inside the sample. The separation process easily permits the
subsequent quantification and identification steps. The most used methods in separation
steps are the classical two dimensional electrophoresis (2DE) or Differential In Gel
Electrophoresis (DIGE) and liquid chromatography. Two dimensional electrophoresis has
preceded and accompanied the birth of proteomics. Established in the early *70s, thanks to
O’Farrel, still remains the technique of choice for this kind of study although lately interest
has focused on the development of gel-free techniques. The 2DE is reproducible, robust and
able to best resolve a complex protein mixture according to their isoelectric point (pl) and
their molecular weight (MW) (4). The polyacrilamide gel, where the protein species are
resolved, represent the “core” of the proteomic analysis. Its structure consents to physically
match two different samples. Thanks to this, two different protein mixtures are compared to
each other in both quantitative and qualitative points of view. Another advantage of the 2DE
method is represented from the study of post-translational modifications that determined an
alteration of the pl and MW inducing a positional shift in the 2D gel. This kind of
modification is represented by phosphorylation, glycosylation, glutathionylation or more
neglected modification such as protein cleavage (4). In conclusion, the 2DE for separative
step is decisive for the next selection of interesting spots for the analysis. Although widely
used, 2DE presents some limitations: the reduced dynamic range, for instance, allow the
visualization of the under-represented proteins limiting the global approach of the
proteomic method. In addition, 2D gels also rarely display hydrophobic proteins and only
highly abundant proteins are currently visualized. Low abundance proteins of physiological
relevance, such as regulators or signaling proteins are difficult to detect. Moreover, basic or
very basic proteins are rather difficult to focus. In addition to these technical problems, 2DE
is a “time-consuming” method that makes it possible to carry out a comparison of a



low number of analytical and biological replicates. In support of the various problems
encountered with classical 2DE on gel-to-gel variations and time-consuming questions,
DIGE has been developed which substantially reduces variability by sample labeling with
different fluorescent dyes (Cy2, Cy3, Cy5). In the same gel it is possible to resolve control
and treated samples labeled independently with a fluorescent dye such as Cy3 or Cy5. Cy2
allows to label an internal standard, a mixture containing equal amounts of each
experimental sample taken into consideration. Two samples and the internal standard are
mixed together and resolved in the same gel. Densitometric scanning at different
wavelengths, characteristic for each dye, permit to obtain three images from only one gel,
two from samples and one from internal standard. This procedure allows a very accurate
and fast computer analysis reducing errors due to the distortion of the experimental gels.
The internal standard represents the average of the analyzed samples reporting every
protein species. Its use allows an accurate statistical spot quantification as well as an
increase in matching gel reliability to distinguish the experimental from biological
variations in the samples. The classical or DIGE gel production needs an image analysis
step by dedicated software such as Image Master 2D Platinum (GE Healthcare, Uppsala,
Sweden) for classical gels and De Cyder (DeCyder Differential Analysis software, GE
Healthcare) with regard to the DIGE gels. Once differently expressed spots are localized,
these spots are mechanically excised from the gel and processed by trypsin digestion to
address the identification step. The obtained peptide mixture is identified by MALDI ToF
(Matrix Assisted Laser Desorption/lonization Time-of-flight). Spots that give back
ambiguous identification are submitted to peptide sequencing using LC MS/MS (Liquid
Chromatography tandem mass spectrometry).

Among the gel-free techniques, multidimensional capillary chromatography (Mud-LC)
coupled with electrospray ionization ion trap tandem mass spectrometry (ESI-MS/MS)
allows the resolution of complex protein mixtures using different chromatographic
separation methodologies such as ion exchange, affinity and reverse-phase that resolve the
proteins based on different independent physical-chemical properties as the charge, size,
hydrophobicity, isoelectric point and their affinity for other molecules. The ESI MS/MS
permits to directly identify the chromatographic fractions. Summarizing, this technique,
essential for shotgun proteomics, acts in separating the protein mixture by liquid
multidimensional chromatography and identifies the chromatographic fractions by mass
spectrometry. Being a fully automated method allows the analysis and identification of a
large amount of protein without a preliminary quantitative analysis. However, Mud-LC
share the same limitations with the 2DE analysis such as the range and resolution of low
abundance proteins (5). In recent years more gel-free techniques have acquired significant
importance and are based on differential labeling of perturbed and non-perturbed protein
extract with different stable isotopes



(12C/13C,14N/15N, 1H/2H). In this way, the same peptide from two different samples will
show the same chemical behavior, with a difference in mass detectable by mass technique.
Peptide pick intensities can be used for relative quantification of these peptides (6). The
workflow provides a differential isotopic labeling, the digestion of combined protein
samples to obtain peptide mixture, chromatographic fractionation of mixed peptide
samples, the analysis of the separated peptides by MS/MS and the processing of the MS
results to obtain the relative protein abundance as well as protein identification by database
searching. The two quantitative proteomic approaches based on mass spectrometry are
SILAC (Stable Isotope Labeling by Amino Acids in Cell Culture) and ICAT (Isotope-Coded
Affinity Tags).

Two Dimensional electrophoresis

Two dimensional electrophoresis (2D-PAGE), as mentioned above, is a technique used for
separation of complex protein mixtures according to the protein pl and MW. The procedure
takes into consideration two orthogonal methods such as isoelectric focusing (IEF) and
SDS-PAGE (Sodium Dodecyl Sulphate Polyacrilamide Gel Electrophoresis). The IEF
resolves the proteins according to their pl and defines the pH value where the net charge of
the protein is zero (7). The SDS-PAGE resolves the proteins according to their MW using
sodium dodecyl sulphate detergent (SDS) which binds the proteins in a stechiometric
manner (1 SDS molecule per 2 aminoacid residues). The SDS confers a net negative charge
to the proteins eliminating the intrinsic protein charge, so the peptidic mass/charge ratio
becomes analogous. SDS also helps protein denaturation minimizing the conformation
variability. The second electrophoretic dimension (SDS-PAGE) is performed in reducing
conditions using DTE (Dithioerithritol) or B-Mercaptoethanol which break the disulphide
bridges in order to linearize the protein chains. The polyacrilamide gel for the second
dimension acts as a molecular sieve, slowing the protein migration according to their size
(8). Two dimensional electrophoresis resolving power represents the product of individual
IEF and SDS-PAGE resolving power (9). Therefore, proteins with identical MW are
resolved according to their pl and proteins with identical pl are resolved thanks to their
MW. The dimensions of the classical electropherograms are 18cm wide x 20cm high x
1,5mm thick. After staining by silver nitrate, the gels are digitized to the laser densitometer.
The final image represents a map, a Cartesian plane, where every reported spot is
univocally identified by a pl in the x-axis and a MW in the y-axis. Also the gel size affects
the gel resolution. Protein species with similar chemical and physical characteristics will be
better distinguished in wider gels. 18cm wide gels can resolve about 2000-4000 spots
increasing the number using the 24cm IEF strip (10). The digitalized images are compared
using dedicated software such as Image Master 2D Platinum, that not only permits to



clear gel images but principally makes gel matching possible, to compare the protein
expression from two or more considered conditions from quantitative (amount of protein
expressed) and qualitative (presence/absence of a protein) points of view (11-12). The
software greatly helps the operator minimizing the discrepancies between images, due to
normal experimental procedures (13-14). Significantly, the software computed the intensity,
the area and the volume of each spot in the gel. For the quantitative analysis normalized
volume values are used, that is, the percentage of relative volume (%V) obtained by
dividing the volume of the spot by the total volume of all spots in the gel.

Protein identification: mass spectrometry MALDI ToF

Interesting spots obtained from image analysis need to be identified in order to carry out the
functional analysis. For this purpose, mass spectrometry (15) consents to accurately
determine molecular mass starting from the measurement of its mass/charge ratio (m/z).
Molecules that can be analyzed by this technology must be ionizable and transferred in
gaseous phase in order to move in a vacuum system. In MALDI ToF procedure, the protein
spot of interest resolved by 2DE, is previously subjected to hydrolytic cut by trypsin. This
enzyme cuts the peptidic chain at arginine and lysine levels. The obtained peptidic mixture,
placed in the target plate, is mixed with a matrix, composed by small aromatic rings
(saturated solution of a-cyano-4-hydroxycinnamic acid) (16-18). MALDI is a soft
ionization technique allowing the analysis of biomolecules which tend to be fragile and
fragment when ionized by more conventional ionization methods. In the first part of
MALDI ToF analysis, aromatic groups of the matrix absorb the laser energy ionizing its
acidic group. This process consents to transfer a proton to the peptide. The desorbtion of the
sample is achieved thanks to the vacuum in the flight tube (19). This process consents to
obtain charged and in gaseous phase peptides that fly in the flight tube only depending on
electromagnetic potential difference where every peptide will be characterized by the same
kinetic energy. What distinguishes the time of flight of each peptide, that is, the time that
the peptide employs to reach the detector starting from the target plate, will be its m/z ratio.
Every peptide assumes a single charge (z = +1) hence, the mass will characterize each
aminoacidic chain and then the time of flight. According to this, the smaller peptides will
reach the detector before the bigger ones. The time of flight employed will be recorded and
reported on a spectrogram, a graph showing the values of the m/z ratios on the x-axis and
the intensity of each peak on the y-axis (each ion with the same m/z ratio). All the m/z
values determine the peptide mass fingerprinting (PMF) of the protein, useful in comparing
the experimental masses obtained from MALDI ToF, with the theoretical masses in specific
databases available online on Swiss Prot (http://www.expasy.org/sprot/) and NCBInr



http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�
http://www.expasy.org/sprot/�

(www.ncbi.nlm.nih.gov/protein). Mascot Search (www.matrixscience.com) is a research
program, similar to Profound (http://prowl.rockefeller.edu/profound_bin/\WWebProFound.exe)
able to perform the comparison between experimental and theoretical masses to identify the
protein. The degree of identification accuracy is estimated by score value and sequence
coverage. MALDI ToF technology is extremely versatile in proteomic analysis thanks to its
capacity to generate mono-charged ions and to its high sensitivity. The MALDI ToF can
also be applied to the protein modification such as post-translational modification
(phosphorilation, glycosylation...) and protein interactions (protein-ligand or protein-metal
ions). In SILAC and ICAT techniques, the signal calibration using known amounts of
protein, enables us to quantify the analyzed protein (19-20). Moreover, MALDI ionization
allows a higher tolerance to slightly higher salt concentration, buffer and other chemical
species in the samples. Thanks to these characteristics, MALDI ToF is effective in studies
of biological fluid such as bronchoalveolar lavage, serum, tissue extract and cells.
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Protein identification: Chromatography coupled to tandem mass spectrometry

Liquid chromatography coupled to mass spectrometry is a useful technique to identify
protein samples. This identification method takes advantage of high performance liquid
chromatography (HPLC) that permits the fractionation of the sample peptides coupled to
Electro Spray lonization-lon Trap (ESI-IT) mass spectrometry in order to sequence the pre-
fractioned protein peptides. HPLC enabled to fractionate the peptide mixture depending on
different chemical-physical characteristics such as the charge, size, hydrophobicity,
isoelectric point, molecular affinity using different types of columns: ion exchange, affinity,
reverse-phase (21). The peptide fraction obtained is directly inserted into the mass
spectrometer using a gold needle heated to 200°C and subjected to high electrical potential.
This step characterizes the ESI ionization, where the sample forms a dense cloud of charged
micro drops. In these conditions the ion solvent quickly evaporates in order to permit the
passage from liquid phase to gaseous phase in a non-destructive manner (22-24). ESI, as
well as MALDI, are considered soft ionization. Peptides in gaseous phase and in
atmospheric pressure are “sucked” through a pore into the ion trap (IT) in a vacuum
condition (25-27). In the ion trap the ions orbit circularly in stable conditions since the
Radio Frequency (RF) amplitude is constant. In order to acquire the mass spectrum, radio
frequency voltage is increased to perturb the ions in a way of expelling them from the trap
in a progressive manner. lons with a lower m/z value leave the trap before the higher ones
and will be detected by a detector (28). Modifying the analyzer applied voltages, it is
possible to select ions with a specified m/z ratio. These ions will be subsequently and
selectively fragmentized by a particular gas, such as helium. The Collision Induced
Dissociation (CID) permits the oligopeptide to be fragmentized at more than one position
along the amino acidic chain forming fragments (ions y and b). Grading the fragments
according to their m/z ratio, allows each one to be different from every other one due to
amino acid residue. It is possible to detect every amino acid to obtain the peptide sequence.

In contrast to the MALDI ionization, which leads to the mono-charged ion formation, ESI
ionization leads to multi charged ion formation. The HPLC and ESI-IT conjugation allows
to increase the spectrometer sensitivity because it is very dependent on sample entrance
flow. Nanoliters/minute flow allows to obtain high sensitivity performance (29-31).



Multivariate analysis by Principal Component Analysis

Proteomic analysis produces large amounts of data difficult to elaborate, in order to
extrapolate information useful to prognostic and/or diagnostic aims. The obtained protein
list and every protein expression trend in the conditions observed can be organized and
simplified by multivariate statistical analysis such as Principal Component Analysis (PCA).
PCA transforms a number of related variables, for instance, the spot expression levels in
each experimental sample, in a smaller number of uncorrelated variables called principal
components. The data organization is performed on a matrix, where the columns represent
the observation and the rows relate the variables. Through the matrix, using a linear
transformation, the correlated variables become a smaller number of uncorrelated variables
obtaining a reduction in initial data complexity. From the graphical point of view, a
multivariate vector is generated for every variables group. The first multivariate vector
includes the highest possible variance in the native variables. In this way, the new variables
are written in a multidimensional space, where the linear transformation projects the
original variables in a new system of Cartesian axis where a decreasing mode of variance is
classified (32). The PCA permits to construct a Cartesian plane where the two reference
axes are the two principal components. In the plane the distances between the data that
respect the native form are fundamental. The unit radius circle in the Cartesian graph,
makes it possible to evaluate the correlation coefficient between every variable included
inside the circle, allowing to have an immediate graphical view in which greater variables
determine the principal component (33-34).

PCA used in proteomic data, become crucial in order to clusterize the experimental groups
on the basis of protein expression of the spot found differently expressed in the considered
spot map. 2DE, in combination with multivariate analysis such as PCA can be a
complementary approach to the classical differential analysis based on univariate statistical
analysis. This procedure can help to establish the basis for the determination of an
automatic classification protocol (35).



System biology and MetaCore

The necessity to attribute a higher significance to the enormous amount of data obtained by
proteomic approach, has permitted the introduction of System biology. Proteomics
provides a long list of up- or down-regulated proteins among the considered conditions. The
protein differential expression needs to find a significance, a functionality and specific
pathway involved in the performed study. In order to extrapolate new knowledge,
hypothesis and emerging properties from the data, System Biology allows the analysis of
the relationships between the system elements subjected to genetic or environmental
perturbations. The software, for the System Biology study, is able to bind together the
differential expressed proteins of the proteomic data on the basis of their co-occurrence
with the elements contained in an available database, considering information such as
physical interactions, genomic proximity, expression, further proteomic data, literature
(PubMed), affiliation to the same pathway (KEGG, Reactome,...) and “GO terms” into the
Gene Ontology vocabulary. GO vocabulary describes the genetic product properties
subdivided into three domains: Biological process (BP), Cellular Component (CC) and
Molecular Function (MF). BP affects operations or sets of molecular events having a
defined beginning and end, pertinent to the integrated living unity functionality such as
cells, organs and organisms. Instead, CC regards the cellular compartments and/or its
extracellular environment. MF are elementary activity of a genetic product at the molecular
level such as its possible bonds with other molecules or its catalysis process.

The network construction, using specific software, can recreate the cellular processes
regulated by molecular interaction systems. These networks will simulate real protein
networks essential for the regulation of the organisms development programs such as signal
transduction and regulation of the metabolic pathways.

The graph obtained by the software contains a set of elements called “Nodes” and are
connected by “Arches”. Nodes represent the software introducing proteins and the Arches
are the interaction between them. Among the Nodes there are “Hubs”, proteins connecting
more Nodes. Within the network are present “subnetworks” interconnecting smaller groups
of proteins. Between the Nodes are collocated the interactions of regulation, indicating the
protein behavior with respect to other proteins: controls, inhibition, feedback mechanism,
interactions with other molecules. MetaCore is a System Biology software and works
thanks to databases containing protein information regarding protein-protein, DNA-protein,
RNA-protein interactions, translational factors, metabolic and signaling pathways and
bioactive molecule effects.

The application of the MetaCore pathways analysis on the experimental data, obtained
thanks to the image analysis of the 2D gels from the bronchoalveolar lavage of the different
conditions treated,



can help to visualize relevant network involving the differentially expressed proteins in
every pulmonary disease considered.

In conclusion, the application of System Biology to identify proteins consents not only to
display eventual prognostic/diagnostic pathological processes, but also to extrapolate new
information completely unknown at the starting experiment, for instance, the behavior of
the less abundant proteins and consequently not found on the gels, such as transcription
factors.



CHAPTER 1

PROTEOME ANALYSIS OF BRONCHOALVEOLAR LAVAGE IN
PULMONARY LANGERHANS CELL HISTIOCYTOSIS

Introduction

1.1 Pulmonary Langerhans cell histiocytosis and cigarettes smoke

Pulmonary Langerhans cell histiocytosis (PLCH) is a rare granulomatous disorder
characterized by uncontrolled proliferation and infiltration of CD1+ Langerhans cells (LCs)
in the lung. It has been associated with smoking and prevalently affects young adults (36-
37). The pathogenesis of PLCH is unclear. The bronchiolar distribution of lesions suggests
that an inhaled antigen, such as cigarette smoke, may be involved, since 90% of cases are
smokers (38). The correlation between PLCH and smoking is corroborated by recent studies
demonstrating that acute tobacco smoke inhalation determines immediate and selective
recruitment of LCs into human airways, inducing a very early reaction of the adaptive
immune system (39-41). Moreover, cigarette smoke promotes survival signals and prolongs
survival of dendritic cells (42). Smoke-induced alterations at lung level can therefore induce
changes in lung condition determining a typical protein profile at bronchoalveolar and
plasma level.

Proteomics is a powerful approach that enables lung diseases to be studied through the
characterization and identification of protein marker profiles that can highlight specific
pathological states. A proteomic approach to the study of BAL is extremely useful for
insights into pathogenesis and identification of biomarkers (43). There is no literature on
BAL proteomic findings in PLCH. We therefore studied BAL protein composition in
PLCH patients, healthy non-smoker controls and healthy smoker controls by a proteomic
approach using two-dimensional electrophoresis and mass spectrometry in order to obtain
insights into the pathogenesis of PLCH, to evaluate the effect of smoking on disease
progression and to discover new prognostic biomarkers.



Material and Methods

2.1 Population

The study population consisted of five PLCH patients of Caucasian race (3 female, mean
age 33.15 * 36.13 years), five healthy non-smokers (3 female, mean age 59.13 + 24.2) and
five healthy smokers (2 female, mean age 43.17 + 29.62) monitored at Siena Regional
Referral Centre for Interstitial Lung Diseases for a period of at least four years. All patients
were currently smokers with the exception of a single patient who was an ex-smoker. We
analyzed exposure of our patients to environmental pollution retrospectively and
interestingly, none of the patients lived in big cities: all came from the country or small
town with no significant exposure to pollutants. No professional risk was found as 3/5 were
office workers, another a teacher and the fifth a cook. Diagnosis of PLCH was conducted
according to international criteria (44-46); three patients had a diagnosis based on
histological examination of transbronchial biopsies showing tissue positivity for anti-CD1a
and S100 protein staining; the other two had a diagnosis based on clinical-radiological
findings and BAL features (including CD1a positivity). All patients underwent pulmonary
function tests (PFT) and gas exchange evaluation according to ERS guidelines (47). All
patients gave their written informed consent to enrolment in the study:.



2.2 Bronchoalveolar lavage

Bronchoscopy with BAL was performed in all patients for diagnostic reasons as previously
reported in chapter 1 (48-50). Lymphocyte phenotype was analyzed by flow cytometry
(Facs-Calibur, Becton Dickinson) using anti -CD3, -CD4, -CD8 and -CDl1a monoclonal
antibodies.

Two-Dimensional Gel Electrophoresis

BAL samples were dialyzed against water, lyophilized and dissolved in lysis buffer (8M
urea, 4% CHAPS, 40 mM Tris base, 65 mM dithioerythritol and trace amounts of
bromophenol blue). Protein concentration was determined according the Bradford method
(51). 2DE was carried out using the Immobiline polyacrylamide system, as previously
described (52) on a preformed immobilized nonlinear pH gradient, from pH 3 to 10, 18 cm
length, from GE Healthcare (Uppsala, Sweden). Sample load was 60 ug per strip in
analytical runs, and 1 mg per strip in preparative gels. Analytical runs were carried out
using the Ettan™ IPGphor™ system (Amersham Biosciences) at 16°C under the following
electrical conditions: 0 V for 1 h, 30 V for 8 h, 200 V for 1 h, from 300 to 3500 V in 30 min,
3500 V for 3 h, from 3500 to 8000 V in 30 min, 8000 V up to a total of 80,000 Vh.
Preparative strips were rehydrated with 350 uL. UREA 8 M, 4% w/v CHAPS, 1% w/v DTE
and 2% v/v carrier ampholyte at room temperature for 12 h. Sample load was obtained by
cup loading, with the cup applied at the cathodic and anodic ends of the strip. MS-
preparative runs were obtained using the Multiphor™ 11 electrophoresis system and the
following voltage steps at 16°C: 200 V for 6 h, 600 V for 1 h, 1200 V for 1 h, 3500 V for 3
h, 5000 V for 14 h. After the first dimension run, the IPG gels were equilibrated in 6 M
urea, 2% wi/v SDS, 2% w/v DTE, 30% v/v glycerol and 0.05 M Tris-HCI pH 6.8 for 12 min;
and for a further 5 min in 6 M urea, 2% w/v SDS, 2.5% w/v iodoacetamide, 30% v/v
glycerol, 0.05 M Tris-HCI pH 6.8 and a trace of bromophenol blue. After the two
equilibration steps, the second dimensional separation was performed on 9-16% SDS
polyacrylamide linear gradient gels (18 x 20 cm x 1.5 mm), and carried out at 40 mA/gel
constant current, at 9°C until the dye front reached the bottom of the gel (53). Analytical
gels were stained with ammoniacal silver nitrate (54-55). MS-preparative gels were stained
with SYPRO Ruby (Bio-rad headquarters, Hercules, California) according to the
manufacturer's instructions.  Bind-silane (y  methacryloxypropyltrimethoxysilane)
(LKBProdukter AB, Brommo, Sweden) was used to attach polyacrylamide gels covalently
to a glass surface for those undergoing SYPRO Ruby staining (56). Ammoniacal silver
nitrate stained gels were then digitized by a Molecular Dynamics 300S laser densitometer
(4000x5000 pixels, 12 bits/pixel; Sunnyvale, CA, USA). Preparative gel



images stained with SYPRO Ruby were digitized with a Typhoon 9400 laser densitometer
(GE Healthcare). Computer-aided 2D image analysis was carried out with the Image Master
Platinum 7.0 computer system (GE Healthcare). Spot detection was achieved after defining
and saving a set of detection parameters, enabling filtering and smoothing of the original
gel scans to clarify spots, and removal of vertical and horizontal streaks and speckles. The
analysis process was performed by matching all gels of each group with a reference gel for
the same condition with the best resolution and greatest number of spots, chosen by the user
and named “master” by the software. The three master reference gels were then matched
with each other. By this procedure, the Image Master Platinum algorithm matched the other
gels to find qualitative and quantitative differences.

2.4 Statistical analysis: ANOVA and Tukey’s test

Statistical analysis of the samples was performed using Statistical software packages SPSS
13.0 for Windows and Graphpad Prism 5 for Windows. Data was expressed as mean +
standard deviation (M £ SD). For the proteomic approach, statistical analysis of proteins
expressed differently in the three groups was carried out using Student’s T-test, one-way
ANOVA and Tukey’s test. Only unmatched spots or spots with significantly different %V
(p<0.05 by ANOVA) were considered “differently expressed” in the three groups.

2.5 Mass Spectrometry: MALDI ToF

Protein identification was carried out by PMF on an Ettan MALDI-TOF Pro (GE
Healthcare), as previously described (57-58). Electrophoretic spots from SYPRO Ruby
stained gels were mechanically excised by an Ettan Spot Picker (GE Healthcare), destained
in 2.5 mM ammonium bicarbonate and 50% acetonitrile, and dehydrated in acetonitrile.
They were then rehydrated in trypsin solution and digested overnight at 37°C. 0.75uL of
each protein digest was spotted onto the MALDI target and allowed to dry. Then 0.75 uL of
matrix solution (saturated solution of CHCA in 50% v/v ACN and 0.5% v/v TFA) was
applied to the dried sample, and dried again. After acquiring the mass of the peptide, a mass
fingerprinting search was carried out in Swiss-Prot/TrEMBL and NCBInr databases using
MASCOT (Matrix Science Ltd., London, UK, http://www.matrixscience.com) software
available on-line. Taxonomy was limited to Mammalia, mass tolerance was 100 ppm, and
the number of missed cleavage sites accepted was set at one. Alkylation of cysteine by
carbamidomethylation was assumed and oxidation of methionine was



considered as a possible modification. Sequence coverage, number of matched peptides and
probability score are shown in Tables 2, 3, 4, 5.

2.6 Multivariate analysis

Principal Components Analysis (PCA) was performed for the three groups to reduce
proteomic data complexity and to identify meaningful groups and associations in the
dataset. PCA transforms a number of correlated variables (e.g. individual protein spot
abundance levels in each experimental sample) into a smaller number of uncorrelated
variables, called principal components. In this study PCA was used to cluster the
experimental groups on the basis of protein spot expression in BAL (spot maps). Percentage
volumes of spots differently expressed in the three analysis groups (PLCH versus non-
smoker controls, PLCH versus smoker controls and non-smoker versus smoker controls)
were included in the PCA analysis, which was performed using STATISTICA 7.0 software
(Statsoft, Inc.). In the resulting graph, the spot maps were plotted in two-dimensional space,
showing the principal components PC1 and PC2 that divided the samples analyzed
orthogonally according to the two principal sources of variation in the data set.



Results

3.1 Population

Table 1 reports the clinical features, LFT and bronchoalveolar lavage results of the group of
PLCH patients. As expected, BAL cell profile showed eosinophilia greater than 6%, mild
neutrophilia and 8.1% [+ 5.3] CD1a-positive cells. Low DLCO was evident in all patients at
the time of bronchoscopy and lung function tests revealed obstructive pattern in 2 patients,
restrictive deficit in 1 patient and a normal functional pattern in the other 2 cases.

3.2 Proteome analysis

Figure 1 shows the master gels of the three groups (PLCH patients and smoker/non-smoker
controls), chosen as reference gels because of their high resolution and large number of
protein spots. An average of 1100 spots was detected in each gel across groups. When our
master gels were matched by Image Master Platinum 7.0, qualitative and quantitative
protein differences were observed. MALDI-ToF/MS identified these proteins, including two
found for the first time in BAL samples: serpin B3 (SPB3) and plastin-2 (PLSL), which
were up-regulated in smokers versus non-smokers and down-regulated in PLCH patients
versus smokers. Among spots expressed differently between groups, there were modulators
of immune responses (such as polymeric immunoglobulin receptor (PIGR),
immunoglobulin light chain, 1g alpha-1 chain C region, PLSL, Ig gamma-1 chain C region,
IgG K chain), proteins implicated in antioxidant defence (thioredoxin (THIO), albumin
(ALBU), ceruloplasmin (CERU), glutathione peroxidase 3 (GPX3)), cell-cycle regulators
(creatinine kinase B-Type, ADP ribosylation factor-like protein 3 and annexin A3
(ANXAJ)), proteins involved in ion transport (such as serotransferrin (TRFE) and
hemoglobin subunit beta) and several inflammatory proteins (including pigment epithelium
derived factor (PEDF) and apolipoprotein Al (APOAL)). Alpha-1-antitrypsin (A1AT)
isoforms and SPB3 were spots with anti-protease function. Other proteins like purine
nucleoside phosphorylase, pyruvate kinase isozymes, fibrinogen gamma chain, alpha 1B
glycoprotein and actin cytoplasmic 1 were identified. BAL proteome analysis of PLCH
patients also revealed several proteolytic fragments of plasma proteins, such as albumin
(ALBU), haptoglobin (HPT) and kininogen-1 (KNGL1). Five isoforms of alpha 1 anti-trypsin
(ALAT) were differentially expressed in BAL of the three groups.

Considering only spots constantly present in all gels of all groups, significant qualitative
variations in sensitivity to silver staining were observed for the nine spots (tab. 2). Some of
these proteins



were found in healthy controls but not in patients and others were found in PLCH and
smoker-control samples but not in those of non-smoker controls. Fifty nine spots showed at
least £2 times variations in percentage of relative volume (%V) (%V = Vsingle spot/Vtotal
spot). These spots were significantly up- or down-regulated in BAL samples of PLCH
patients with respect to BAL of smoker and non-smoker controls (p<0.05). Table 3, 4, 5 lists
the proteins identified from these spots with their accession numbers, theoretical and
experimental molecular weights, pls, Mascot search results, mean and standard deviations,
statistical p values and number of folds of protein expression in the three groups.

Twenty-eight spots were quantitatively more abundant in PLCH than in non-smoker and/or
smoker control samples. The proteins of 24/28 spots were identified and are listed in Table
3. KNG1 fragment N-terminal (p<0.00001) and an isoform of A1AT were strongly up-
regulated in PLCH patients with respect to controls (Table 3). Figure 2 shows the
expression of KNG1 N-terminal fragment (an inflammatory protein never studied in PLCH)
in patients and controls. The percentage volume of two spots identified as PEDF (a protease
inhibitor) were particularly elevated in patients than controls (p<0.001) (Fig. 3). Another
protein involved in cell proliferation, motility, invasiveness and signaling pathways, up-
regulated in PLCH with respect to controls (p<0.01) and potentially involved in
pathogenesis, is ANXA3 (fig.4).

Thirteen spots were down-regulated in PLCH compared to non-smoker and/or smoker
controls (Table 4). The protein spots PIGR, THIO and PLSL were down-regulated in PLCH
compared to controls (fig. 5,6,7) and are of particular interest because of their specific
functions and potential implication in the disease. Figures 5 and 6 show the trend of
expression of PIGR, THIO percentage volumes in patients and controls.

Seventeen spots were also significantly differently expressed between healthy smoker and
non-smoker controls, as well as between controls and PLCH patients; 10/17 were identified
(table 5). Table 5 is divided in two parts: the first includes protein spots significantly down-
regulated in non-smoker compared to smoker controls; the second includes spots up-
regulated in non-smoker compared to smoker controls. Among the spots up-regulated in
smokers, SPB3 is a protein with anti-protease function identified de novo in BAL,; there is
no literature on SPB3 and smoke-induced lung damage.



3.3 Multivariate analysis

Multivariate statistical analysis by PCA was used to examine global trends in protein
expression in BAL of PLCH patients and non-smoker and smoker controls. These samples
were grouped according to the variance of their protein expression (%V) and their spatial
distribution is shown in Fig. 9. The first principal component (PC1) explained 49.94% of
the variance and the second (PC2) explained a further 20.06%. PCA showed that PLCH and
control samples clustered in distinct groups along the PC2 axis. In the control cluster, there
were two other distinct groups very close to each other: those of non-smoker and smoker
controls.



Discussion

BAL protein expression analyzed by 2DE in a population of PLCH patients was compared
with that of control samples. Bioinformatics analysis identified a wide range of spots
differently expressed in BAL of PLCH patients with respect to BAL of healthy controls.
The effect of cigarette smoking on the expression of some proteins was also evaluated,
comparing BAL protein patterns of smoker and non-smoker controls.

4.1 Population

The clinical, immunological and functional features of our PLCH patients indicated
prevalently obstructive lung function deficit, increased BAL CDla+ cells together with
neutrophilia and eosinophilia, in line with the literature (36-37).

4.2 Two dimensional electrophoresis

Proteomic analysis of BAL revealed 59 spots expressed with quantitative differences and 9
spots expressed with qualitative differences in BAL of PLCH patients with respect to
controls. The proteins identified from these spots are involved in specific biological
mechanisms (inflammation, immunity, oxidative stress, protease-antiprotease balance, cell
proliferation, fibrosis) potentially implicated in the pathogenesis of PLCH. Some of these
proteins need to be studied in detail, as they could be useful diagnostic or prognostic
biomarkers.

Two proteins never described in BAL were identified de novo: serpin B3 and plastin 2. The
first, up-regulated in smokers and higher (with borderline significance p=0.05) in PLCH
than controls, is a member of the family of protease inhibitors involved in cell survival and
associated with lung cancer (59). The second protein, plastin 2, member of a large family of
actin filament cross-linkers, was down-regulated in PLCH patients with respect to smoker
controls. Plastin 2 triggers immune response, cell migration, proliferation and cell-adhesion
(60) and its role in actin cytoskeleton rearrangement and T-cell activation is crucial.
Another function of plastin 2 is protection against TNF-cytotoxicity (61). As cigarette
smoke may induce production of tumor necrosis factor-alpha (TNF-a) by alveolar
macrophages (62), up-regulation of PLSL2 in BAL of smokers may have a protective role
against this pro-inflammatory cytokine. Interestingly in our PLCH patients this mechanism
was down-regulated.

The results of our proteome analysis of PLCH BAL suggested the involvement of some
immunoinflammatory pathways in its pathogenesis, which is not yet known. For example,
the



profibrotic effect of certain proteins could play a key role in development of PLCH.
Pigment epithelium derived factor (PEDF) is a protein known to be involved in
fibrogenesis. In our study PEDF was significantly higher in BAL samples of PLCH patients
than smoker and no-smoker controls. This protein is an endogenous anti-angiogenic factor
(63) implicated in a variety of diseases in which angiogenesis is critical, such as non-small
cell lung cancer and IPF (62-66). Immunohistochemical studies on IPF located PEDF in
fibroblastic foci and areas of active matrix synthesis, where vascular density is low (66).
Recent research indicates that PEDF can be regarded as a TGF pl-mediated profibrotic
agent (67). These findings suggest that PEDF may be implicated in the regulation of
vascular and fibrotic damage occurring in PLCH.

The role of angiogenesis in the pathophysiology of PLCH is controversial. Little data is
available about neovascularization in PLCH (68). Senechal et al. recently reported that
PLCH lesions were sites of neoangiogenesis and tissue remodelling (69), whereas an
immunohistochemical analysis by Zielonka et al. indicated that PLCH granulomas are
connected with areas of extensive neoangiogenesis in which interleukin 1 alpha (IL-1a) and
TNF-o are over-expressed (70). In contrast to these lung tissue results, it has also been
found that serum from PLCH patients inhibited angiogenesis (70). Our study demonstrated
that several proteins implicated in vascular remodelling were up-regulated in BAL of PLCH
patients versus controls. Annexin A3, for example, is a calcium- and phospholipid-binding
protein involved in angiogenesis as well as in cell proliferation, motility, invasiveness and
signaling pathways (71, 72). This protein, up-regulated in PLCH patients with respect to
controls, is reported in the literature to be over-expressed in lung adenocarcinoma
associated with metastases (73). Its multiple functions in PLCH pathogenesis warrants
further investigation.

Our study suggests an imbalance between protease and anti-protease with consequent
proteolytic-mediated lung damage potentially involved in the pathogenesis of PLCH,
confirming previous observations (74). In fact, we found a great abundance of proteolytic
fragments of plasma proteins in BAL of PLCH patients, suggesting increased proteolytic
activity. In particular kininogen 1 and haptoglobin proteolytic fragments were more highly
expressed in BAL of PLCH patients than BAL of controls. An increased anti-proteolytic
activity was found expressed by the significant increase of five isoforms of alpha 1-
antitrypsin in BAL of PLCH patients with respect to smoker and/or non-smoker controls
(74).

Several studies have analyzed smoke-induced oxidative stress in normal subjects but little
data is available on the potential role of oxidation in PLCH (75). Glutathione peroxidase 3
is an antioxidant protein with a protective role against cigarette smoke-induced lung
inflammation (76). It protects cells and enzymes against oxidative damage by catalyzing the
reduction of hydrogen peroxide, lipid



peroxides and organic hydroperoxide by glutathione (76). Interestingly, in our research this
protein was significantly higher in smoker than non-smoker controls but almost absent in
BAL of PLCH patients (who were all smokers). It should be investigated if there is a
defective production or/and an increased consumption in PLCH, as it has been
demonstrated that oxidative stress is generally higher in PLCH patients than smoker
controls (75). Thioredoxin was another antioxidant protein down-regulated in BAL of
PLCH patients with respect to smoker controls. It plays a protective role against cigarette
smoke-induced lung oxidative damage (77, 78) and reacts against reactive oxygen species
(ROS) and other free radicals which are considered causative factors of smoke-related
diseases in humans (79). Thioredoxin counteracts Th2-driven airway inflammation by
suppressing local production of macrophage migration inhibitory factor (MIF), irrespective
of systemic Th1/Th2 immune modulation (80). Interestingly, THIO is not only down-
regulated in PLCH but also in idiopathic pulmonary fibrosis (IPF) (81).

Polymeric immunoglobulin receptor is a transmembrane protein involved in mucosal
immunity (mediating transcytosis of polymeric IgA and IgM) (82, 83). This protein was
significantly down-regulated in BAL of PLCH patients with respect to controls. Stress,
smoking and inflammation can modulate PIGR production through TNF-a and interleukin-1
B (IL1 B), allowing translation of systemic inflammatory signals into mucosal immune
responses (84), this mechanism seems to be compromised in PLCH. Recruitment of
Langerhans cells in the lungs during exposure to smoke may induce T-helper 1 and T-helper
17 responses in CD4 T cells. Th1l7 cells produce interleukin 17 (IL17) that enhances
secretion of CCL20, a chemoattractant for dendritic cells and matrix metalloproteinase 12
from lung macrophages (85, 86). Th17 and Th1l also promote PIGR activity by production
of IL-17 and IL-1 (82); this mechanism creates feedback that induces inflammatory cell
recruitment and lung destruction (82). The large quantity of Th17 in smoke-exposed lungs
may therefore explain the high levels of PIGR required to amplify the mucosal immune
response in BAL of smokers. This protein showed a different pattern in PLCH than in
healthy smokers being decreased in PLCH, although PLCH patients were all smokers,
suggesting a possible pathogenetic (not smoking related) role. PIGR, Thl and Th17
immune responses should be deeply investigated in PLCH.

Another interesting protein potentially involved in PLCH pathogenesis could be annexin
Al, a cell mediator of the anti-inflammatory action of glucocorticoid (87) that inhibits
neutrophil extravasation (88). The inflammatory environment induced by smoking is
associated with increased epithelial permeability to neutrophils, macrophages and myeloid
dendritic cells (39, 77, 89). Complete loss of ANXAL found in BAL of PLCH patients may
lead to reduced response to



steroids, over-recruitment of neutrophils in the lungs and loss of negative feedback for
extravasation.

4.3 PCA

In this study, PCA and analysis of the patterns of proteins differently expressed enabled us
to distinguish our BAL samples into three groups (PLCH patients and smoker and non-
smoker controls), which was one of our aims. Very high reproducibility was observed
between BAL samples and distinct expression patterns in the three groups. Conducting
multivariate analysis by PCA, we distinguished three groups in relation to the PC2 y-axis,
and observed that non-smoker and smoker controls were both in the upper part of the graph,
close together. This suggested that their patterns of protein expression were more similar to
each other than to the PLCH group, despite the fact that they, too, were clearly separated,
not only suggesting similar characteristics but also that exposure to cigarette smoke induced
a modest change in the pattern of protein expression in BAL (smokers versus non-smokers).
The position of the PLCH group on the opposite side of PC2 with respect to controls
confirmed that the disease group had a protein profile different from that found in a
condition of health (fig 9).



Conclusion

In conclusion, proteomic analysis of BAL from patients with PLCH and smoker and non-
smoker controls distinguished proteins up- and down-regulated in the disease differently
expressed from smoker controls and then disease-related. Among these proteins there were
PIGR and thioredoxin. The observation that certain proteins, over-expressed in PLCH
patients, are also elevated in IPF suggests common pathways for the development of lung
fibrosis (90). Our proteomic study also indicates that oxidative stress, proteolysis and
angiogenetic factors may be involved in the pathogenesis of PLCH, although further studies
are needed also to assess the impact of other agents including pollution. Our future aim will
be to further investigate the functions of the proteins of interest, their potential
modifications induced by local damage (i.e. oxidation and proteolysis) and to validate the
present results on a larger patients population.



CHAPTER 2

Multivariate analysis of BALF protein expression profiles can help to
distinguish between different interstitial lung diseases: Sarcoidosis,
PLCH, IPF, SSc

Introduction

1.1 Interstitial lung diseases
1.1.1 Sarcoidosis

Sarcoidosis is a multisystemic granulomatous disease with a pulmonary and
extrapulmonary manifestations. This multisystem disorder has an unpredictable clinical
course: acute and chronic progressive variants are distinguished; 15-25% of cases are
chronic progressive and may lead to lung fibrosis. The disease may involve young adults; it
has an incidence of 3/100000 people/year. It is prevalent in woman and in scandinavian and
afro-american populations. The ethiology of this disease is still unknown but an
unidentified antigen seems to induce an immune response mediated by alveolar
macrophages and lymphocytes. Presumptively, involved antigens are phagocytized from the
APC cells as dendritic and macrophage cells inducing a cell-mediate response. This
immune reaction determines the lymphocytes T polarization and maturation in T-helper 1
phenotype. Sarcoidosis is more diffused in no-smoker subjects and recently it has been
observed, through radiological exams, that in the affected patients, smoke is less associated
with broncho-vascular thickening in sarcoidosis patients (91). From the histopathological
point of view, sarcoidosis is characterized from no caseating epithelioid granulomas
constituted by epithelioid cells as macrophages with abundant eosinophilic cytoplasm and
vescicularized nucleus. The granulomas are distributed in lymphatic vessels, in connective
tissue around the bronchi, around pulmonary veins, in alveolar spaces and inside the pleura
(92). Sarcoidosis is characterized by a T-helper-1 response with accumulation of CD4-
positive lymphocytes and activated macrophages in the lungs and affected organs, resulting
in granuloma formation. Macrophages and lymphocytes, activated by



inflammatory stimuli, release mediators such as cytokines, chemokines, oxygen radicals
and enzymes which may be involved in the pathogenesis. The principal cytokines secreted
by alveolar macrophages are IL-2, INF-y, INF-o. and Tumor Necrosis Factor a with a
relevant role in the induction and maintaining of inflammation and in granuloma formation.
Tumor Necrosis Factor o acts on the cellular recruitment, proliferation and differentiation.
Probably, the persistence of granulomatous inflammation may be consequent to a
deficiency in the immune response regulatory mechanisms (92, 93).

Among sarcoidosis biomarkers, serum angiotensin converting enzyme (ACE) is a widely
used clinical indicator, but its concentrations in serum and BAL, seem to have poor
predictive value. Its specificity and sensitivity are very low (ACE may be elevated in
various lung diseases and it is associated to genetic polymorphism that modifies its
expression in different populations). Other biochemical markers of inflammation in
sarcoidosis include lysozyme, cytokines, chemokines and enzymes produced by activated
macrophages or lymphocytes. These mediators, that could have roles in the pathogenesis of
the disease, have been analyzed in different human body fluids and tissues. The majority of
these studies are referred to serum and bronchoalveolar lavage although some referred also
to the analysis of expired breath condensate (a recent noninvasive methodology to collect
samples directly from the respiratory system) or to different biological fluids. Sarcoidosis is
the most widely studied disease through BAL since the beginning of the applications of this
procedure. The use of BAL in the study of sarcoidosis had contributed to the definition of
its pathogenesis and it has also been useful to identify markers with prognostic/diagnostic
value.

This pathology is a challenging research field due to the immunoinflammatory events that
characterized its pathogenesis. The study of cytokine pattern in BAL by Th1/Th2 model has
allowed to define the immune response characteristic of the disease and to identify some
reliable markers with potential clinical applications (94).

The unpredictable clinical course of sarcoidosis has prompted research into biomarkers that
could help predict outcome. The need for diagnostic and prognostic markers is a very
topical subject for all chest physicians involved with sarcoidosis patients.

The application of proteomic analysis to the study of BAL and serum from sarcoidosis
patients allowed the identification of several proteins, some of them represent possible
markers of the disease. Some recent studies have documented differently expressed proteins
in serum and BAL from sarcoidosis and idiopathic pulmonary fibrosis patients (95). For
instance two-dimensional electrophoretic studies on BAL demonstrated that plasmatic
proteins were the most abundant in sarcoidosis while low molecular weight proteins were
predominant in idiopathic pulmonary fibrosis (96). Different proteins have been proposed
thanks to proteomic analysis as inflammatory markers



in sarcoidosis, such as thioredoxin and thioredoxin reductase, serum amyloid A, C-reactive
protein and alpha-defensin. C-reactive protein and amyloid A are acute phase proteins
released from liver under IL1 and IL6 stimulation.



1.1.2 Idiopathic Pulmonary Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a progressive fibro-proliferative disorder
characterized by fibroblast and miofibroblast accumulation in the alveolar walls. IPF affects
only lungs and from the histological and radiological point of view is associated with Usual
Interstitial Pneumonia (UIP) (97, 98). The incidence of diagnosis is 4.6/100000 people/year
in UK and 6.8/100000 people/year in US. 66% of the affected patients are aged around 60
years old. This pathology seems to be more frequent in males respect to females with a
prevalence in the smokers. Usually the survival after diagnosis does not exceed 3-5 years
(97). IPF has a progressive and variable trend. Three different pathology phenotypes have
been proposed: quickly progressive phase, acute exacerbation phase and slow progression
phase. In the acute exacerbation phase acute respiratory deficiency occurs dramatically and
generally with unknown causes. This phase is associated to disease worsening and high
death risk. UIP pattern is not exclusive of IPF but it is also associated with other pulmonary
diseases such as systemic sclerosis and other connective tissue lung disorders (LES,
rheumatoid arthritis etc..).

The IPF etiopathogenesis is not completely understood but some hypothesis have bee
performed. It has been demonstrated a possible association with some genetic
polymorphisms. Some genetic alterations of genes codifying for TNF-a, receptor IL-1
antagonist, complement receptor 1, transforming growth factor p1 (TGF-1) and surfactant
proteins A, B and C have been associated with IPF/UIP. The presence of IPF familiar
disease suggests further investigations on possible genetic mutations as bases of disease. A
probable telomere dysfunction has been associated to the familiar forms and to recent cases
of sporadic disease.

IPF is a pathology characterized by a continuous deposition of extracellular matrix reducing
the parenchymal lung functionality and the effective gas exchange. Through phenotypic
transition, lung epithelial cells dedifferentiate in motile mesenchymal cells such as
fibroblasts and myofibroblasts suggesting a tumor ‘metastatic’ mechanisms (99). This
transition process begins after the exposure to the TGF-p (100) alone or in combinations
with other growth factors such as epidermal growth factor (EGF), determining a matrix
metallo-proteases growing expression and consequently a basal membrane degradation with
cellular detachment. Cells undergo a cytoskeleton rearrangement and a surface molecules
expression alteration, allowing the transition to the mesenchymal phenotype. In the active
fibrotic process site, the fibroblasts are particularly induced by TGF- B. Th2 lymphocytes
are also able to express a variety of markers such as CD45, CD34, collagen I, fibronectin
and a variety of chemokines receptors such as CCR3, CCR5, CCR7, CXCR4 (99).
Moreover in IPF, macrophages M2 play a profibrotic role through fibronectin, insulin
growth factor (IGF), platelet-derived growth factor (PDGF) release and other mediators,
inducing cellular proliferation, collagen



formation and tissue repair. Numerous studies carried out on BAL, serum and tissue shown
CCL18 chemokine to be a helpful marker for the disease progression. CCL18 in fact has
been recognized as positive feedback mediator between alveolar macrophages and
fibroblasts, promoting collagen deposition (101). So the pathology is a consequence of an
anomalous fibrotic response due to successive insults to the alveolar epithelium where
inflammatory response has a secondary role. Therefore, in IPF the normal reparative
response results altered. Also the coagulation system seems to be atypical with a proven
increasing in pro-coagulant activity. As before mentioned, in IPF the epithelial cells express
numerous cytokines and growth factors, promoting fibroblast migration, proliferation and
extracellular matrix accumulation. Numerous studies demonstrate that the synthesis sites of
TGF-pB1 are iperplastic pneumocytes type Il and that the platelet derivation growth factor is
synthesized by alveolar epithelial cells. Close to the epithelial cells, fibroblasts play a
central role in the disease pathogenesis. It has been hypothesized that the fibroblastic pool
expands itself through three ways: local proliferation, epithelial-mesenchymal cell
transition with possibility to change into fibroblasts and precursor production to the bone
marrow level. Instead, is possible to detect fibrocytes in the peripheral blood and the
amount of these cells seems to correlated to the disease progression. Another altered way in
IPF is the apoptotic process: fibroblasts and miofibroblasts induce the epithelial cells death,
in particular in adjacent fibroblastic foci areas. The basal membrane destruction could play
a crucial role in IPF pathogenesis, although the mechanisms are not perfectly understood.
Moreover, matrix metallo-proteinases produced by alveolar epithelial cells and involved in
tissue damage, are object of study. The typical pathologic pattern of IPF is “Usual
Interstitial Pneumonia” (UIP), characterized by the destruction of pulmonary architecture
with fibrosis and scattered fibroblastic and miofibroblastic foci, honeycombing distribution
in the acinar and lobar zones. The peripheral subpleural parenchyma is generally destroied.
The tissue inflammatory reaction is always of light entity. The fibrotic zones appear in
different progressive steps and are constituted from dense areas without cells, with collagen
and scattered fibroblastic foci. The typical honeycombing areas are constitute from air
spaces obtained from fibrotic cystis often full of mucin, covered from bronchiolar
epithelium. In the fibrotic zones, in particular in the honeycombing areas, is possible find
smooth muscle cells homogeneous iperplasia. Macroscopically the end-stage lung, seems
completely unstructured, with cystic formations and thick fibrotic walls that substitute the
normal pulmonary parenchyma.

Cigarette smoke is considered a leading cause of IPF and generally all patients affected by
IPF are smokers or ex-smokers (99). Still now the pathogenetic role of cigarette smoke is
subject of discussion because pulmonary fibrosis associated to cigarette smoke not presents
the typical



characteristics of UIP such as honeycombing and fibroblastic foci, while emphysema is
present in both the conditions (102).

The medical history of the IPF patients showed that 90% of patients suffering of gastro-
oesophageal reflux that with the presence of H. pilori seems to be a further risk factor for
IPF onset. Tests on BAL samples have displayed presence of pepsin associated to
pulmonary inflammation. Therefore epithelial alveolar damage and fibrosis may be
consequent to gastric enzymes, pepsin and bile salts mediated damage (99, 103).

According to the new ATS/ERS guidelines, surgical lung biopsy is necessary only to
confirm IPF when the high resolutione computed tomography (HRCT) of the chest is not
denitive for IPF/UIP pattern (98). Histological biopsies reveal tissue with normal
pulmonary areas interchanged with interstitial areas, honeycombing and fibrotic zones
prevalently constituted by dense collagen and diffuse fibroblastic foci in active
proliferation. BAL analysis allows to study the alveolar microenvironment and BAL cell
analysis in IPF patients shows increased percentage of neutrophils and eosinophils. BAL
cytological analysis shows a wide presence of type Il alveolar epithelial cells with a
characteristic iperplasticity. Reduced lymphocyte CD4/CD8 ratio is commonly observed in
BAL. The cytokine profile is prevalently a Th2 phenotype. In BAL fluid, some soluble
markers derived from epithelial cells such as cytokeratin 19 (CK19) and the carbohydrate
antigen (CA19-9) with chemotactic activity on neutrophils have been observed in vitro
(104). A recent biomarker with possible clinical application is the chemokine CCL18.



1.1.3 Pulmonary Langerhans cells histiocytosis

Pulmonary Langerhans cells histiocytosis (PLCH) is a rare proliferative disorder
characterized by unchecked proliferation and infiltration at the pulmonary level of
immature dendritic cells (DC) also called Langerhans cells (LC). PLCH is a rare cystic lung
disease with unknown etiology and different pathogenesis that occurs predominantly in
young adults patients (20-40 yrs of age) with a history of current or prior cigarettes
smoking. PLCH affects 1/560000 people (105, 106) with unknown ethiology.

PLCH diagnosis is based on HRCT highlighting cysts and nodular lesions. Bronchoalveolar
lavage helps the diagnosis as it allows to observe a major amount of CD1+ cells (>5%),
macrophages Perls+ and a moderate presence of eosinophiles (<10%). In some cases an
hystologic diagnosis may be required. The disease is associated with persistent cough ( 60%
of the cases) and dyspnoea (in the 15% of patients). In the 25% of cases PLCH is
asymptomatic or associated with general symptoms such as weight loss, temperature, night
perspiration and anorexia.

Langerhans cells deriving from dendritic cells, express HLA-DR, S-100 and CD1a. These
cells are characterized from an abundant vacuolated cytoplasm with Birbek granules.
Proliferating dendritic cells express in anomalously CCR6 and CCRY7 receptors that bind
respectively CCL20, CCL19 and CCL21. These chemokines are released from
lymphonodes, lung, bones, liver and skin (that are the pathological locations of PLCH)
(107). Histopathologically, early PLCH lesions are characterized by interstitial cell
infiltration in the bronchoalveolar zone. In that infiltration it is possible to find LC, but also
lymphocytes, macrophages, eosinophiles, and plasma cells (36). The enlargement of
infiltrates determines nodules formation. The internal of the nodules shows cavitations due
to enlargement of inflammatory infiltrates. The disease progression is associated with the
replacement of granulomatous nodular infiltrates by fibroblasts, shapes stellate lesions
showing the classic PLCH histology (108) and by the evolution of nodules in thin wall
cysts. In the final stage it is possible to observe prominent fibrotic scars often surrounded
from honeycombing areas and paracicatrical emphysema mainly distributed in the upper
pulmonary lobes (37). Nodules spontaneously solved, often stopping smoking, while cysts
are irreversible, generally multiple with different shapes and dimensions, isolated or
confluent (109). PLCH involves smoker subjects (90%) (38), its bronchiolar distribution of
the pathologic lesion suggests that an inhaled antigen, such as cigarette smoke, may be
involved in its pathogenesis. The correlation among PLCH and smoking is in part
corroborate by recent studies. It has been demonstrated that acute tobacco smoke inhalation
determine an immediate and selective recruitment of LCs into human airways (39, 40, 110,
111) and affects the expression profile of function-associated surface molecules on airway
myeloid DCs (40). Moreover, cigarette smoke promotes survival signals and augments
survival of



dendritic cells (42). These results might suggest that the immediate and selective
recruitment of LCs into human airways due to smoke exposure, might induce a very early
reaction of the adaptive immune system. Therefore, vary smoke-induced mechanisms at the
lung level can induce a deeper change of lung condition reflected on protein profile at
epithelial, immunological and plasma level. The majority of the ethiopathogenetic studies
on PLCH has been performed on epithelial lung biopsy tissue and BAL fluid.



1.1.4 Fibrosis associated with Systemic sclerosis

Systemic sclerosis (SSc) is a heterogeneous disorder characterized by endothelial
dysfunction, collagen over-production due to fibroblast altered regulation and abnormality
in the immune system responses. The systemic sclerosis on the visceral organs can arise
also without cutaneous involvement. The survival is related to the visceral disease gravity.
SSc is widely diffused in the world affecting every race. The incidence increased with the
age, mainly between forty and fifty years old. Women are more affected respect to men.
When SSc is associated with pulmonary involvement the patients have a worse prognosis
respect to SSc without lung involvement. In the 90% of the cases Raynaud Syndrome
precedes SSc. The pulmonary involvement in SSc is verified in 70% of the patients. In the
majority of cases it is an interstitial fibrosis with a marked basal involvement. The
interstitial fibrotic course is extremely variable. SSc pulmonary manifestations include
vascular pulmonary diseases such as arterial hypertension and venal-occlusive diseases,
interstitial lung diseases and increased risk of malignancy (112).

Diagnosis criteria for SSc are proposed by American Rheumatism Association. Pulmonary
involvement of SSc is evaluated by respiratory function test, that highlights a restrictive
pattern with reduction of vital capacity, residual volume, maximum expired volume in the
first second and total lung capacity associated to a decreased diffusion capacity of carbon
monoxide. In the previously phases radiography of the chest can be negative, subsequently
a bilateral-reticular or reticular-nodilar aspects evolving in honeycombing is described.
High resolution computed tomography reveals parenchymal and subpleural micronodules,
intralobular opacities with a reticular aspect. The alteration are overall on the lower lobes
with a peripheral and posterior distribution. BAL analysis shows the active alveolar
inflammation characterized from a cells increment and by percentual increase of
neutrophils, eosinophils and/or lymphocytes (113). SSc prognosis is due to the severity of
pulmonary involvement but the survival of these patients is better than the survival of
IPF/UIP patients. DLCO levels seems to be correlated to the mortality: DLCO<40% is
associated to a survival probability of 5 years less of 10%.

Possible pathogenetic agents have been hypothesized, including genetic and environmental
factors such as exposition to silica, vinil clorure and organ solvents, drug assumption and
viral agents exposition. Pathogenetic mechanisms of lung involvement are not completely
understood. Studies on BAL of fibrosis associated SSc patients show alveolar inflammation
with neutrophilic or eosinohilic components in the late phase, while lymphocytosis is
generally evident in the early phases (inflammatory cells accumulation at the alveolar level
precedes the lung damage and represents the first step toward the fibrotic process). The
fibrotic lung damage is induced by release of some mediators such as cytokines,
chemokines, oxygen free radicals, proteolytic enzymes and



cytotoxic proteins. Among the involved cells on the pulmonary fibrosis associated to SSc
there are alveolar activated macrophage; mast cells able to release hystamine and tryptase
involved in fibroblast and eosinophil activation. Pathologic alterations in SSc patients are
represented by a diffuse interstitial fibrosis, peribronchial formation of connective lung
tissue and alveolar membrane thickening. The pulmonary septum breakage leads to the
cystic and emphysema areas formation. The secondary vascular alterations and pulmonary
hypertension could be associated to the fibrotic lesions and are represented with intima
thickening, elastic tonaca fragmentation and muscular hypertrophy in the little pulmonary
arteries.

SSc has a remarkable clinical variability with more common manifestations on skin,
gastroenteric apparatus, lung, kidney, heart, articulations and muscles. The ontset of the
pathology is particularly insidious with the first sign on the Raynaud phenomenon that
constitute in a episodic vasocostriction of the small arteries of the hand and feet fingers and
sometimes of the nose tip and auricle. These kind of episodes are evocated from cold
exposition, vibrations and emotive stress.

Pulmonary involvement is observable almost in two-thirds of the patients. More common
symptoms are effort dyspnoea and no-producing cough. In limited scleroderma cutaneous
patients it is possible the development of pulmonary arterial hypertension, also without
interstitial fibrosis. The ontset of this condition is characterized by worsening of dyspnoea
and right heart deficiency. The presence of pulmonary hypertension determines a serious
prognosis, with a survival of 2-3 years.

This pathology is classified as ILD because it can have the same radiographic, functional
and pathologic characteristics. Although premature diagnosis helped to prevent pulmonary
function damage, there is not a correct methodology of premature diagnosis because the
first ILD stage is asymptomatic. The patients can perform anti-topoisomerase 1/Scl70, anti
U3RNP, Th/To and anti-istonic antibodies revealing possible lung involvement in SSc.
Often, pulmonary functional tests is able to reveal abnormality (113).



1.2 Bronchoalveolar lavage fluid

Lung surface is coated with a thin layer of epithelial lining fluid (ELF) and its presence
preserves the structural integrity of the airways and acts as a protective barrier against
infectious and pollutant agents. What makes ELF an interesting sample for the biological
studies is the composition because it contains phospholipids, neutral lipids but in particular,
proteins from resident cells like pneumocytes and immune system cells such as
macrophages and leukocytes. Protein content is amplified from plasmatic proteins by
exudation from blood vessels to pulmonary regions. BAL, obtained with a less invasive
procedure, is the epithelial lining fluid which bathes the lower respiratory tract of the
bronchial, bronchiolar and alveolar surfaces and could be a potential source of biomarkers,
useful for research since they contain a wide spectrum of proteins which originate from
blood or are locally released by immunological and epithelial cells.

The technique used to obtain this kind of sample is the bronchoalveolar lavage, a minimally
invasive procedure, used also in patients with partial respiratory function (94). The
recovered physiological solution, instilled in the first tract of the lung, contains a high
number of cells and proteins characterizing the pulmonary environment. Bronchoalveolar
lavage is performed introducing a bronchoscope into the endotracheal duct until the
bronchial tract releases a small amount of sterile saline solution, gently sucked.
Bronchoalveolar lavage is a highly advantageous method compared to surgical biopsy
because, not only is it less invasive but can be repeated several times. BAL for proteomic
analysis is obtained after lung washing and fluid centrifugation, necessary to eliminate the
cellular portion (macrophages, leukocytes, etc...) and the supernatant containing proteins is
stored.

The proteomic approach to the BAL study is considered extremely useful in order to
analyze in depth the pathogenesis of the disease and discover potential
prognostic/diagnostic biomarkers. However, potential rewards in the diagnosis and
treatment of lung disease make proteomic characterization of BAL a very worthwhile
endeavor. As said before, BAL thus collected contains different cell types as well as a wide
variety of proteins that either originate from the blood stream or are released locally by
epithelial and inflammatory cells. Due to the diverse origin of BAL proteins, analysis of
BAL may reveal important pathological mediators and enable more accurate
characterization of many lung diseases at the molecular level.



1.3 Proteomic analysis of Sar, PLCH, IPF, fibrosis associated to SSc, sc and nsc

Since 2003, Rottoli and co-workers, compared BAL from diffuse lung diseases such as
sarcoidosis, idiopathic pulmonary fibrosis and fibrosis associated with systemic sclerosis
highlighting differential expressed spots subsequently studied as possible pathology
biomarkers probably involved in the pathologic mechanisms (114). Their complexity and
heterogeneity underlined the different pathologies making them object of an interesting
research field.

Therefore, the difficulty in distinguishing in terms of diagnosis and prognosis the various
ILDs described above, had permitted to elaborate this proteomic work and cigarette smoke
involvement in the ILDs onset was also take into consideration in order to identify
differentially expressed proteins among different pathologies and between pathologies and
smoker and non-smoker controls. Once different protein patterns for each condition were
obtained, we set out to confirm that a determined protein expression profile is specific for a
unique condition using multivariate analysis. Moreover, thanks to the large amount of
experimental data obtained with the proteomic analysis it was possible to perform the
Pathways analysis by MetaCore in order to discover new genic products involved in the
pathogenesis and specific molecular pathways leading to the disease onset.



2. Materials and methods

2.1 Preparation of BAL

Bronchoalveolar lavage samples obtained from 9 patients affected from Sarcoidosis, 7 with
Pulmonary fibrosis associated to systemic sclerosis, 7 with Idiopatic pulmonary fibrosis, 9
with PLCH, 10 no-smoker controls and 8 smoker controls, were carried out with the
informed consent of the patient. At the time of the bronchoscopy the patients were not on
therapy. First of all, the sample preparation needs a 12h dialysis against four changes of
distilled water. The resulting samples were lyophilized and dissolved in the lysis buffer (8M
urea, 4% w/v CHAPS, 40mM Tris base, 65mM dithioerythritol (DTE) and trace amounts of
bromophenol blue). Before adding bromophenol blue, the protein concentration was
determined according to the Bradford method (51). Samples were diluted with lysis buffer
to obtain 60ug of proteins in 100ul of solution for analytical run and 900ug of proteins in
200ul of solution for the preparative run.

2.2 Classical 2D-Electrophoresis
See chapter 1, paragraph 2.3

2.3 Protein identification by MALDI-ToF-MS
See chapter 1, paragraph 2.5

2.4 Protein identification by LC-MS/MS analysis

Tryptic digests that did not produce MALDI-TOF unambiguous identifications were
subsequently subjected to peptide sequencing on a nanoscale LC-ESI/MS-MS, as described
in detail by Meiring et al. All the analyses were carried out on an LC—MS system consisting
of a PHOENIX 40 (ThermoQuest Ltd., Hemel Hempstead, U.K.) and an LCQ DECA
lonTrap mass spectrometer ( Finnigan, SanJose, CA, USA). The peptides, after a manual
injection (5pL) in a six-port valve, were trapped in a C18 trapping column (20mm x 100pum
ID x 360pum OD, Nanoseparations, Nieuwkoop, NL) using a 100% solvent A (HPLC grade
water + 0.1% v/v formic acid) at a flow rate of 5uL/min for 10 min. A linear gradient up to
60% solvent B (acetonitrile + 0.1% v/v formic acid) for 30 min was used for analytical
separation and, using a pre-column splitter restrictor, we obtained a column flow rate of
100-125 nL/min on a C18 analytical column (30cm x 50um ID x 360um OD,
Nanoseparations). Before the injection of the next sample, both the trapping and analytical
column were equilibrated for 10 min in 100% solvent B and for 10 min in 100% solvent A.
The ESI emitter, a gold-coated fused silica (5cm x 25um ID x 360um OD,
Nanoseparations) was heated to 195°C. A



high voltage of 2kV was applied for stable spray operation. The LC pump, the mass
spectrometer as well as the automatic mass spectra acquisitions were controlled using the
Xcaliburtm 1.2 system software (Thermo). The MS/MS ion search was carried out in Swiss-
Prot/UniprotKB databases using MASCOT. Taxonomy was limited to Homo sapiens,
peptide precursor charge was set to 2+ or 3+, mass tolerance to +1.2Da for precursor
peptide and +0.6Da for fragment peptides was allowed and the number of accepted missed
cleavage sites was set to one. Alkylation of cysteine by carbamidomethylation was taken as
a fixed modification, while oxidation was considered as possible modifications. We
considered significant peptides with individual ion scores (-10*Log[P], where P is the
probability that the observed match is a random event) that indicate identity (p<0.05).

2.5 Statistical analysis by Principal Component Analysis

Principal Component Analysis (PCA) was carry out to perform multivariate analysis using
STATAsoft software 7.0. For this kind of analysis each %V of each differentially expressed
spot in every gel of the six different conditions was used. The PCA finality is simplify the
enormous amount of data (%V= variables) by their linear transformation that project the
original variables in a new cartesian system where the variables are ordinate in decrease
mode. The variable with higher variance is projected on the first axis, the second on the
second axis and so on. The reduction of complexity is due to the limitation in the analysis
only on the principal (due to the variance) new variables. Thanks to this simplification it is
possible to observe the distribution of each sample in a bidimensional plane and easily
visualize possible experimental groups on the basis of protein spot expression in BAL (spot
maps).

2.6 Network analysis by MetaCore

Differentially expressed protein spots, found by image analysis and consequently identified
by MALDI ToF and LC-MS/MS, were further analyzed by pathway analysis using the
MetaCore 6.8 network building tool (GeneGo, St, Joneph, MI, USA). MetaCore includes a
manually annotated database of protein interactions and metabolic reactions obtained from
scientific literature. The gene name of each differential expressed protein found was
uploaded into MetaCore network analysis software version 6.8 (http://portal.genego.com)
and processed using the shortest-path algorithm. That kind of algorithm consents to link two
uploaded experimental proteins, only by a unique Node. Using this process, hypothetical
networks were built among the experimental proteins and the MetaCore database proteins.
Protein-protein interaction networks were generated. The relevant
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pathway maps were then prioritized according to their statistical significance. The networks
were graphically visualized by “nodes” representing proteins connected by “Arches”.

Using MetaCore software with the same list of differentially expressed proteins, the
enrichment analysis was also elaborated, able to associate biological meaning to some
groups of proteins with a statistical significance (p<0.001).



3. Results

3.1 Proteomic analysis

The proteomic analysis carried out by 2D electrophoresis and the consequent gel matching
by Image Master 2D Platinum 7.0 of the six conditions considered, have been performed to
highlight specific protein patterns to distinguish all pathologies considered and pathologies
from both healthy smoker and non-smoker controls. An average of 1800 spots were
detected in each gel across groups and every gel of the various condition was matched with
its own “Master” gel reported in figure 1. After that, every “Master” gel was matched to the
others to compare the different conditions and quantitative protein differences were
observed. A total of 15 matching groups were carried out among the conditions (PLCH-
SSc, PLCH-IPF, Sar-sc, Sar-nsc, IPF-nsc, IPF-sc, PLCH-Sar, Sar-SSc, Sar-IPF, IPF-SSc,
SSc-sc, SSc-nsc, PLCH-nsc, PLCH-sc, sc-nsc) revealing a total of 339 spots up- or down-
regulated in relation to the ratio of percentages of relative volumes (%V = Vsingle
spot/Vtotal spot) between the same protein spot of two different conditions. The valid ratio
was equal to or differed more than 2-fold with a significant T-test value (p<0.05). Of these
339 spots, the identification of 118 proteins have been established by MALDI-ToF-MS and
LC-MS/MS. The identified spots are shown in figure 2, reported in a unique gel “Master”.
Table 1 reports the identified proteins and provides information about the identification
such as protein name, accession number, theoretical and experimental isoelectric point (pl)
and molecular weight (MW) and Mascot Search Results with score, number of matched
peptide and sequence coverage. The peptide sequences for the LC-MS/MS identified
proteins were reported. Moreover, in Table 1 the significant fold change of each protein
identified in different match analysis are also reported.

Interestingly, it is possible to realize that many proteins were differentially expressed in
more than three groups of analysis such as actin cytoplasmic 1 (ACTB), alpha 1
antichymotrypsin (AACT), alpha 1 antitrypsin (AlAT), antithrombin [l (ANT3),
pulmonary surfactant associated protein A2 (SFPA2), alpha 2 HS glycoprotein (FETUA),
complement C3 (CO3), complement factor H (CFAH), Ig gamma 1 chains C regions
(IGHG1), polymeric immunoglobulin receptor (PIGR), protein S100A8 (S10AS8),
apolipoprotein A1 (APOAL), haptoglobin (HPT), serotransferrin (TRFE), transthyretin
(TTHY), zinc alpha 2 glycoprotein (ZA2G), leucin rich alpha 2 glycoprotein (A2GL),
peroxinredoxin 5 (PRDXS5), glutathione S transferase P (GSTP1), ceruloplasmin (CERU)
and many isoforms of albumin (ALBU).

On the other hand, some other proteins were specific for one, two or three groups of
analysis such as serpin B3 (SPB3) up-regulated in Sar with respect to sc, leucocyte elastase
inhibitor (ILEU) up-regulated in IPF with respect to nsc and Sar, annexin A2 (ANXA2)
more expressed in IPF than nsc,



annexin A3 (ANXA3) up-regulated in IPF than sc, annexin A5 (ANXADb) up-regulated in sc
with respect to Sar, IPF and nsc. Ig alpha 2 chains C regions (IGHA2) resulted up-regulated
in sc with respect to Sar, complement factor B (CFAB) up-regulated in Sar than SSc and
complement factor | (CFAI) up-regulated in SSc with respect to IPF. Angiotensinogen
(ANGT) resulted more expressed in SSc than both Sar and sc as well as vitamin D binding
protein (VTDB). Afamin (AFAM) was up-regulated in PLCH with respect to Sar, fatty acid
binding protein (FABP4) was up-regulated in SSc with respect to nsc. Retinol binding
protein 4 (RET 4) was more expressed in Sar than sc, instead 14-3-3 protein epsilon
(1433E) was up-regulated in SSc with respect to Sar. Selenium binding protein (SBP1)
resulted down-regulated in IPF with respect to sc and calcyphosin (CAYP1) was down-
regulated in Sar with respect to SSc, kininogen 1 N-terminal (KNG 1) was down-regulated
in PLCH with respect to Sar, peptidil prolyl cis trans isomerase (PPIA) was found up-
regulated in Sar with respect to both nsc and PLCH. Cystatin B (CYTB) as reported in table
1 resulted up-regulated in PLCH with respect to Sar, plastin 2 (PLSL2) down-regulated in
SSc with respect to sc. Instead, immunoglobulin J chain (IGJ) was up-regulated in SSc with
respect to nsc. Pulmonary surfactant associated protein D (SFTPD) was up-regulated in Sar
and sc with respect to nsc and macrophage mannose receptor 1 (MRC1) resulted more
expressed in SSc than in Sar and sc. Pancreatic alpha amylase (AMYP) was down-regulated
in SSc with respect to nsc.

3.2 Principal Component analysis

Multivariate analysis by PCA was performed by STATISTICA 7.0 software in order to get
an overview of the proteomic data and also to identify possible outliers and trends in the
BAL expression data of Sar, SSc, IPF, PLCH patients and non-smoker and smoker controls.
Differential analysis data (%V of each differentially expressed protein), were organized in a
specific matrix where the columns represented gel maps and the rows showed differentially
expressed proteins %V. Matrix was loaded into the software, able to elaborate a graphical
visualization of the results.

Gel maps were grouped according to the variance of their protein expression and their
spatial distribution is shown in fig.3. The first principal component (PC1) explained 21% of
the variance and the second (PC2) explained a further 14.61%. PCA showed that PLCH,
Sar, IPF, SSc, sc and nsc gel maps clustered in distinct groups and highlighted the consistent
reproducibility among the biological replicates, as spot maps segregate into six
experimental groups (encircled by different colours).



3.3 Network analysis by MetaCore

Pathways analysis by MetaCore has been considered of relevant importance in order to
extrapolate further notions and hypothesis from the enormous amount of proteomic data.
This kind of analysis is based on the concept that the function of a protein depends directly
on the context in which the protein acts and MetaCore is able to correlate the 2DE/MS
identified proteins with the hypothetical cellular pathways affected by different ILDs or
smoking habits. The gene names of the differential expressed proteins were processed by
the shortest-path algorithm, consequently only those proteins known to be closely related
were included in the resulting path shown in fig.4. Almost all the differential expressed
proteins introduced were closely clustered together in the network. Software elaboration
had developed a network with Alpha 1-antitrypsin, SERPINA3, 14-3-3 epsilon, SERPINB1
as “central hubs”. A particular transcription factor such as activator protein-1 (AP-1) is a
notable “functional node” situated in the center of the map. Fifteen identified proteins are
directly connected with AP-1, among those alpha 1 anti-trypsin, one of the “functional
nodes” in the map. ALAT directly inhibits a high amount of generic protease. Instead,
1433E interacts with a discrete number of transcription factors such as p53 as well as AP-1.
Transcriptional factors are usually present in low levels in the cells and consequently are
not detectable by conventional 2DE staining. Network analysis consents taking into
consideration transcription factors not obtainable by the proteomic approach.

Thanks to MetaCore, Enrichment analysis was also performed, highlighting specific
functional pathways where the differential expressed proteins were particularly involved.
The enrichment analysis results are supported by statistical analysis (p<0.01) and are
reported in fig. 5. The most important pathway was the immune response, involving the
alternative complement pathway and the lectin induced complement pathway. The classical
complement pathway is implicated with a minor statistical significance with respect to the
others. Some proteins are also actively implicated in blood coagulation and interestingly in
Slit-Robo signaling.



4. Discussion

Bal samples from 50 subjects belonging respectively to 9 patients affected with Sarcoidosis,
7 with Pulmonary fibrosis associated to systemic sclerosis, 7 with Idiopatic pulmonary
fibrosis, 9 with PLCH, 10 non-smoker controls and 8 smoker controls were resolved by 2D
electrophoresis and gel images compared by image analysis. Every condition was matched
to each other in order to highlight not only characteristic protein patterns of each pathology
with respect to healthy conditions but also protein patterns able to distinguish the four
different interstitial lung diseases (Sar, PLCH, IPF, SSc). The introduction of two kinds of
controls, sc and nsc was indispensable to emphasize the role of cigarettes smoke in the ILDs
onset.

4.1 Two dimensional electrophoresis

The proteomic analysis performed by classical 2D electrophoresis and image analysis by
Image Master 2D Platinum permitted us to individuate a total of 339 differently expressed
spots among the six conditions and 118 protein spots were identified by MALDI ToF and
LC-MS/MS.

As suggested, it is possible to subdivide the identified proteins into two parts based on
differently expressed proteins found in one, two or three groups of analysis, and the others
were found in more than three groups of analysis.

Among differently expressed proteins in one, two or three groups of analysis, many could
be considered characteristic for Sarcoidosis such as complement factor B, retinol binding
protein 4, kininogen N-fragment, peptidil prolyl cis trans isomerase, apolipoprotein Al,
glutathione S transferase P and pulmonary surfactant-associated protein D.

For instance, complement factor B, is more expressed in Sar then SSc and is part of the
alternative pathway of the complement system and is cleaved by factor D into 2 fragments:
Ba and Bb. Bb, a serine protease, then combines with complement factor 3b to generate the
C3 or C5 convertase. It has also been implicated in proliferation and differentiation of
preactivated B-lymphocytes, rapid spreading of peripheral blood monocytes, stimulation of
lymphocyte blastogenesis and lysis of erythrocytes. Ba inhibits the proliferation of
preactivated B-lymphocytes.

PPIA, up-regulated in Sar with respect to nsc and PLCH accelerates the folding of proteins.
It catalyzes the cis/trans isomerization of pThr/Ser-Pro motifs and plays an important role in
many cellular events such as proliferation, differentiation, and cell death through the effects
of conformational change on its functional biological substrates, including Cdc25C, and
p53. Recent studies have demonstrated that PPIA plays an important role in oncogenesis
and is associated with several human malignancies, including lung and colon cancers (118).



It can also be seen that Kininogen, up-regulated in Sar with respect to PLCH, plays an
important role in fibrinolysis (119). Moreover, Kinins can induce an increase in vascular
permeability and the local release of kinins on the neutrophil surfaces, is able to open a
corridor between endothelial cells and facilitates neutrophil migrations into the interstitial
tissue space (120).

SFTPD over expressed in Sar and sc in comparison with nsc, plays a role in the clearance of
pathogens and apoptotic cells and can modulate the cellular immune response and has a
direct effect on microbacterial growth and plays a role in the regulation of inflammation
(1212).

In conclusion, these proteins are characterized from their up-regulation in sarcoidosis and
particularly, their functions could be involved in the pathogenesis of this disease because
they are involved in the complement alternative way and in neutrophil infiltrations as well
as in the modulation of the immune response, in the regulation of inflammation and in
clearance of microbacterial growth. According to their behavior they could distinguish
sarcoidosis from SSc, PLCH, sc and nsc.

In the same protein group it is also possible to observe up-regulated proteins in IPF
such as, annexin A2, annexin A3 and leukocyte elastase inhibitor. Moreover, to corroborate
leukocyte elastase inhibitor expression data, a high level of free elastase activity was
observed in IPF (122) and epithelial cell apoptosis is known to be induced by leukocyte
elastase in vitro (123). This can explain the up-regulation of leukocyte elastase inhibitor in
IPF compared to nsc and Sar, highlighting not only the difference from a healthy condition
but also from another pathology such as sarcoidosis with different pathogenetic onsets. Also
annexin A2 (ANXAZ2) is more expressed in IPF versus non-smoker controls. This protein
was originally described as a positive modulator in the fibrinolytic cascade. Moreover,
ANXA2 has been implicated in surfactant secretion in the alveolar cell type Il by allowing
fusion of lamellar bodies with the cell membrane through the membrane-located ANXA2
heterotetramer. ANXAZ2 seems to play a role in regulation of the actin cytoskeleton and has
been implicated in motility and cell migration. Additionally, in an in vitro model of wound
healing, it has been recently reported that migrating epithelial cells revealed increased
expression of ANXAZ2. In line with such a notion, expression of ANXA2 was observed in
“regenerative” bronchiolar basal cells overlying areas of active fibrosis, as well as in
multilayered basal cell sheets of “hyperplastic bronchioles”, and seemed to be associated
with bronchiolization of terminal airspaces in IPF lungs (124). Also, annexin 3 (ANXA3)
was found up-regulated in IPF patients with respect to smoker controls. The role and
function of this anticoagulant protein in the lung has not yet been disclosed. Suppression of
ANXAS3 expression by RNA interference in primary cultured rat hepatocytes, determine a
significant inhibition of hepatocyte growth, indicating a crucial function for this annexin in
cell proliferation. Increased expression of ANXA3 has also



been observed in approximately two-thirds of colorectal tumors, and has been more recently
reported as a novel biomarker for lymph node metastasis in lung adenocarcinoma (124).
Summarizing, in IPF there are over expressed proteins involved in fibrinolysis, cellular
growth and there are specific anti-protease to protect against leukocyte elastase damage
widely observed in this fibrotic disease underling the possibility to be potential IPF
biomarkers.

Distinctive proteins for PLCH and Sar were afamin and cystatin B up-regulated in PLCH
with respect to Sar. Interestingly, afamin is a member of the albumin multigene family with
vitamin E-binding properties. It plays a crucial role in protecting against oxidative damage
(125), probably up-regulated in PLCH because the affected subjects are frequently smokers
conversely to subjects with sarcoidosis. The other up-regulated protein, cystatin B, is a
cysteine protease inhibitor, whose activity was found significantly higher also in the baboon
model of broncho-pulmonary Dysplasia (126). In patients with non small cell lung cancer,
high levels of cystatin correlated with increased probability of survival (127) and probably
also reflected on PLCH/Sar gravity.

In SSc pathology, complement factor | was found up-regulated with respect to IPF,
angiotensinogen, vitamin D binding protein, 1433 protein epsilon (14-3-3 ¢), calcyphosin,
macrophage mannose receptor 1 with respect to Sar and fatty acid binding protein and
immunoglobulin J chain with respect to nsc. Angiotensinogen is the precursor of
angiotensin 11, an essential mediator in the pathogenesis of pulmonary fibrosis. It has been
shown that angiotensin Il induces alveolar epithelial cell apoptosis, enhances fibroblast
proliferation and lung collagen production, and increases TGF-B1 synthesis. Moreover,
serum angiotensin Il levels were significantly higher in patients with diffuse cutaneous SSc
(128). Recently, it has been observed that the inhibition of angiotensinogen mRNA
expression attenuates bleomycin induced lung fibrosis (129).

14-3-3 proteins are ubiquitously expressed as regulatory proteins that primarly function by
binding to protein ligands and as a result, interfere with or enhance the ligand’s normal
activities. Some of the proteins to which 14-3-3 proteins bind play various roles in
apoptosis, mitogenic signal, transduction, DNA replication, and cell-cycle control.
Interestingly, many of the ligands that 14-3-3 proteins bind to are proto-oncogene or
oncogene products suggesting a potential role in carcinogenesis. In lung cancer, 14-3-3
protein isoforms have been found in all major histological types, but at different expression
levels (130). Accumulating evidence indicates that the 14-3-3 proteins play an important
role in the regulation of cell differentiation, proliferation and transformation. 14-3-3
isoforms have distinct tissue localizations. It was clear and universal that only two isoforms,
14-3-3 ¢ and ( existed in normal lung tissues, suggesting that these two isoforms were
essential for normal functions in the lung (131). Also 14-3-3 ¢ behavior between SSc and
Sar,



could be considered indicative to the gravity of the disease. Moreover, further studies on its
involvement for these two pathologies could be proposed.

Calcyphosin, up-regulated in SSc with respect to Sar is another interesting protein highly
conserved, involved in cell survival, differentiation and transformation (132). Macrophage
mannose receptor 1 is a membrane receptor. Characteristically, it was seen to be a specific
protein belonging to the surface expression pattern of M2 macrophage phenotypes.
Pechkovsky et al. showed that M2 macrophages, activated by Th2 cytokines, are drastically
increased in fibrotic lung remodeling as reflected in SSc and IPF. It was also seen that M2
macrophages are increased in the fibrotic phase of Sarcoidosis (133). Interestingly, mannose
receptor 1 up-regulation, found in this proteomic analysis, can reflect the fibrotic degree of
the pathology considered.

In the end, annexin A5, IGHA2, selenium binding protein 1 and plastin 2 have been found
more expressed in sc. Annexin A5 results up-regulated in smoker controls versus Sar, IPF
and nsc. It is a phospholipid binding protein that efficiently binds to phosphatidylserine that
during early events of apoptosis, becomes externalized to the outer leaflet of the plasma
membrane where ANXADS can bind to it. So ANXAS essentially marks the cell for safe
removal from the system by macrophages. Interestingly, the use of ANXAS as a clinical
tool for visualization of cell death, has been suggested to be important in monitoring
pathologies such as atherosclerosis, myocardial infarction, and cancer (130). Therefore,
ANXAS behavior could suggest the increased apoptotic level particularly in smoker’s
lungs. IGHA2, a mucosal immunoglobulin was up-regulated in sc with respect to Sar
indicating the increased mucosal defense probably due to smoke inhalation. Selenium
binding protein 1 was up-regulated in sc with respect to IPF. The reduced expression of this
protein was reported in many types of human malignancies including in the lung and in all
these studies, higher SBP1 expression correlated with better survival (134). SPB1 down-
regulation in IPF with respect to controls and can correlate, also in this case, with the
survival aspect. Plastin 2 was up-regulated in sc with respect to SSc. One of plastin 2 roles
is to protect from TNF-cytotoxicity (61). Cigarette smoke induces production of tumor
necrosis factor-alpha (TNF-a) by alveolar macrophages (62). Up-regulation of PLSL2 in
BAL of smokers may have a protective role against this pro-inflammatory cytokine.

Observing the behavior of the proteins, differently expressed in more than three groups of
analysis, it is possible to deduce their role to distinguish between a pathological and healthy
state. Among these proteins there was pulmonary surfactant associated protein A2, down-
regulated in Sar, IPF, SSc and PLCH with respect to smoker and non-smoker controls.
SFPA2 is a large, hydrophilic molecule with host defense and immune regulatory functions.
This molecule, also known as the hydrophilic surfactant protein (surfactant protein [SP]-A
and SP-D) belongs to the class of



collagenous lectins (collectins). The collectins are a small family of soluble pattern
recognition receptors containing collagenous regions and C-type lectin domains. SP-A
together with SP-D are most abundant in the lung. Because of their structural uniqueness,
specific localization, and functional versatility, lung collectins are important players in the
pulmonary immune response (135). The SFPA2 reduction trend observed in ILDs, was also
investigated by McCormack et al. in BAL and resulted to be non specific to IPF but also
occurred in other interstitial lung diseases (136).

Moreover, alpha 1 antichymotrypsin showd an increasing trend in pathologies such as Sar,
IPF, SSc, PLCH and also in sc with respect to nsc, probably due to the anti-protease activity
because it was shown to be an important mediator in preventing fibrosis. Moreover, it is
possible to observe AACT, such as ALAT, another anti-protease, which are mediators
affected by smoking habits (137).

Alpha-2-HS-glycoprotein was absolutely up-regulated in the ILDs relatively to the nsc BAL
samples. FETUA is a member of extracellular type Il cystatine which acts as inhibitors of
trypsin, meprin metalloproteinase and TGF-beta-mediated signaling. Although the precise
biological role of FETUA remains unknown, recent studies have shown that it regulates
immune response and cell adhesion (138).

S100A8 protein was particularly up-regulated in IPF and Sar as opposed to nsc and sc.
S100A8 was also found up-regulated in the lung adenocarcinoma and end stage lung cancer
tissue (139). This protein (also called calgranulin A) is known to
regulate  neutrophil, monocyte and lymphocyte migration. It is produced
by macrophages, epithelial cells and neutrophils and is a potent chemoattractant
of neutrophils. It therefore appears to be a good candidate biomarker
in airway inflammation (140, 94).



4.2 Principal Component analysis

To examine the relationship existing among the six considered conditions and to
corroborate the biological validity of differential expression patterns found by the image
analysis performed by Image Master Platinum dedicated software, we performed a
multivariate statistical analysis by PCA. Acquired proteomic data were processed according
to the STATISTICA 7.0 software taking into consideration the %V of every differentially
expressed protein in each condition. The 50 samples used were grouped according to the
variance of their protein expression and their spatial distribution as shown in fig.3. The first
principal component (PC1) indicates 21% of the variance and the second (PC2) indicates a
further 14.61%. PCA showed that PLCH, Sar, IPF, SSc, sc and nsc samples clustered into
distinct groups and their position can be due to the existing relations between the
conditions. Conducing multivariate analysis by PCA, we distinguished Sar, PLCH, sc
groups from SSc and nsc ones in relation to the PC2 y-axis and all these conditions from
IPF on the PC1 x-axis (fig 3). PLCH, Sar and sc groups were in the lower part of the graph,
close together suggesting that their protein expression patterns were similar to each other.
Moreover, sc is overlapped with Sar conditions emphasizing their similar protein pattern.
Interestingly, smoke habits seems to protect from sarcoidosis onset because sarcoidosis
patients are often non-smokers, but the belief that smoking is protective for sarcoidosis is
not substantiated (141). The position of the SSc and nsc groups is on the opposite side of
Sar, PLCH and sc with respect to PC2 y-axis confirmed that SSc and nsc groups had a well
distinctive different protein profile from PLCH, Sar and sc. The position of IPF shows a
very different protein pattern with respect to the other conditions with a consistent
reproducibility between the biological replicates, in fact, seven spot maps obtained from the
seven BAL samples are clusterized exactly at the same point suggesting the IPF protein
pattern peculiarity. IPF graphical position probably reflects the characteristics of the
severity of the disease with respect to the others, leading to death only 3-5 years after the
diagnosis.



4.3 Network analysis by MetaCore

The necessity to attribute a higher significance to the enormous amount of data obtained by
proteomic approach, needed an ulterior process of network analysis performed by MetaCore
software. The network analysis permitted to correlate 2DE/MS-identified proteins and the
cellular pathways affected by interstitial lung diseases considered (Sar, IPF, PLCH, SSc)
and the MetaCore-produced network, highlights hypothetical processes or particular gene
products not necessarily taken into consideration in the proteomic analysis. The network
reported in fig 4., shows the differently expressed proteins found such as PLSL2, ANXA2,
ANXA3, ANXA5, CERU, SFTPA2, SFTPD, AlAT, ANGT, RBP4, GSTP1, PRDXS5,
CYTB, PIGR, directly connected to a transcriptional factor, the activator protein-1 (AP-1)
considered an important mediator of interstitial lung disease (142). AP-1 has been
implicated in a wide range of cellular process including proliferation, death, survival, and
differentiation, as well as participating in different biological and pathological process, such
as immune and inflammatory responses and tumorigenesis (143). These results confirmed
the previous finding regarding proteins involved in fibrinolytic cascade, cell proliferation,
cell death, motility and migration as ANXA2, ANXA3 and ANXA5. Moreover, AP-1
transcription factor Fra-1 (encoded by Fosll) is an important mediator of interstitial lung
diseases and it was found that Fra-1 over expression in mice, reduced pro-inflammatory
cytokine production in response to injection of lipopolysaccharide (LPS), a Toll-like
receptor (TLR)-ligand (142). Li et al. found Src-ERK/AP-1 signaling pathways involved in
the TNF-a and TGF-A1 expression induced by silica in macrophages (144). In the network
AP-1 is also connected with retinol binding protein 4 and transthyretin, two transport
proteins for delivery of retinol to the tissue via circulation (145). Retinol is a nonenzymatic
low-molecular-weight antioxidant found in increased levels in BAL in patients affected
with IPF and Sar or hypersensivity pneumonie (146). Two spots have been identified as
transthyretin and showed an increased trend in ILDs such as Sar, IPF, SSc and PLCH with
respect to nsc and sc and one spot was identified as RBP4 resulting up-regulated in Sar with
respect to sc. RBP4 and TTHY behaviour, may be part of an adaptive response to oxidative
stress. In fact, peroxinredoxin 5 and glutathione S transferase P, proteins involved in the
antioxidant defence, also are connected to AP-1. Interestingly, peroxinredoxin 5 is more
expressed in IPF and SSc compared to sc and nsc suggesting its particular role in
pathological defense from oxidative damage. Instead, Glutathione S transferase P resulted
particularly up-regulated in sc with respect to Sar, IPF and nsc suggesting its involvement in
defense against smoke effects with respect to pathologies. It is interesting to note that
GSTP1 drastically decreased in presence of ILDs as well as in nsc but, while in nsc its low
presence may be due to physiological



conditions, in ILDs a defect in protein expression could subsist. Also, the transcriptional
factor Nuclear factor-xB (NF-kB) resulted connected with PRXD5 and positively induced
GSTP1 as well as PIGR, SFPA2, SERPINA3, FETUA and complement C3. NF-xB in turn
is positively induced by transthyretin. It was seen that this transcriptional factor resulted in
a transcriptional regulator key of the expression of inflammatory molecules and is activated
by TNF-alpha (147). Another important “network Node” resulted in 14-3-3 protein epsilon,
already described as a regulatory protein with multiple functions. In fact, 14-3-3 protein
epsilon has a positive effect on AP-1 as well as on another important transcriptional factor
p53 that in turn positively induce PRDX5 and GTSTP. Moreover, in fig 4 it is possible to
observe, according to the MetaCore analysis, alpha 1 antitrypsin, connected to AP-1 that
negatively induced many proteases. Based on these results it is possible to further
investigate AP-1, NF-kB, p53 pathways that include many of the proteins found in the
proteomic analysis and particularly involved in interstitial lung disease pathogenesis.

Thanks to MetaCore it has been possible to elaborate also the enrichment analysis that
characterizes the biological attributes in a given protein set. The GO dataset provides a
central collection of such attributes already known and assigned to a group of proteins. In
figure 5 it is possible to observe the enrichment analysis classification reporting the five
most significant pathways where the differentially expressed proteins found were involved.
First, second and third paths regard the immune response respectively including alternative,
lectin induced and classical complement pathways. The principal proteins identified and
involved in these pathways are complement C3, complement factor H, B and | (fig.
5,enrichment analysis report). Interestingly, the fourth discovered pathway by enrichment
analysis, comprehended the blood coagulation mechanisms including antithrombin 1il,
kininogen and alpha 1 antitrypsin (fig. 5,enrichment analysis report). It was seen that
abnormalities in alveolar coagulation occur in acute and chronic lung injury and according
to this, the efficacy of heparin inhaled to attenuate lung fibrosis was studied (148, 149).
Also Collard et al. show that in acute exacerbation there is evidence of disordered
coagulation (150). The fifth pathway found, regarded the Slit-Robo signaling, principally
based on actin cytoplasmic 1, whose main function is to regulate cell migration of
leukocytes, endothelial cells and cancer cells observed during lung inflammation (151).
Other studies have described involvement of Slit and its receptor also in angiogenesis (152).
As you can see, the network and enrichment analysis open a wide range of new hypotheses
that need to be further validated.



5. Conclusion

Proteomic analysis performed on BAL from patients affected with different interstitial lung
diseases such as Sarcoidosis, Idiopatic Pulmonary Fibrosis, Pulmonary Langerhans Cells
Histiocytosis, fibrosis associated with Systemic Sclerosis and both smoker and non-smoker
controls allowed us to identify a high number of differently expressed proteins involved in
various mechanisms characteristic for ILDs pathogenesis as immune response,
inflammation, coagulation, oxidative stress, anti protease activity. The differential
expression observed for some proteins underlines the particular involvement in a fixed ILD
such as leukocyte elastase inhibitor and annexin A2 in IPF, retinol binding protein 4,
kininogen N-fragment, peptidil prolyl cis trans isomerase in Sar. Instead, other proteins
differentiate the pathologic state from the healthy conditions such as surfactant protein A2,
alpha 1 antichymotrypsin, alpha-2-HS-glycoprotein and protein S100A8.

In order to corroborate the biological validity of differential expression patterns found by
image analysis, principal component analysis had shown the respective ILD protein patterns
using a graphical representation, highlighting the reproducibility between the biological
replicates, above all in IPF samples showing the peculiarity of this pathology with respect
to others.

Based on the concept that the function of a protein depends directly on the biological
context in which the protein acts, MetaCore network analysis was performed to extrapolate
new knowledge, hypothesis and emerging properties from the proteomic data. Interestingly,
transcriptional factors, such as AP-1, p53 and NF-kB, not detectable by conventional 2DE
staining, have been included in the MetaCore network as well as new signaling pathways
not necessarily taken into account in the initial hypothesis and proteomic data, such as
coagulation and Slit-Robo signaling.

In conclusion, an interesting future aim could be to validate by western blot, the expression
of transcriptional factors suggested from MetaCore analysis in the different interstitial lung
diseases. Moreover, could also be interesting to validate the differentially expressed
proteins found thanks to the proteomic analysis in order to confirm new ILDs biomarkers.



Chapter 1 Table

NUMBER OF PATIENTS

AGE 33,15+ 36,13
GENDER 2 MALE
BAL MACROPHAGES (%) 77,2+15,6
BAL LYMPHOCITES (%) 9,9+19,3
BAL NEUTROPHILES (%) 47421
BAL EOSINOPHILS (%) 6,88+ 3,4
CD1+ 81+5,3

OBSTRUCTIV PATTERN

RESTRICTIV DEFICIT

DECREASED DLCO




Mascot Search Results Mean %V * SD x 10
Spot | Description AC pl/MW | pl/IMW
letter (KDa) | (KDa) | Number [sequence| Score | nsc sc |pLcH | Wy [Localization
theoretical Experiment of coverage ANOVA
| al matched p value
peptide
a Serum P02768 | 5.92 6.30 5 11 64 67+68* |175+¢56**| 0¥ 0,0005 Plasma
albumin, 71317 47485
fragment c-
term
Serum 5.92 5.90
b albumin, [ P02768| 71317 41761 10 20 128 28+39* |125+¢69**| 0¥ 0,002 Plasma
fragment c-
term
d Alcohol P14550 | 6.32 6.44 15 52 223 | 90+101* [396+159*4 0¥ 0,0002 | Cytoplasm
dehydrogenase 36892 37399
e Annexin A1 | P04083| 6.57 6.57 12 42 179 22+35* |326+265*Y 0¥ 0,009 | Cytoplasm-
38918 33339 Nucleo
g Glutathione |P22352 | 8.26 5.48 9 34 121 | 108+40* [386+229* 0¥ 0,001 Plasma
peroxidase 3 25765 17509
h Beta-2- P02749| 8.34 5.89 6 28 91 0*  [|9974277*%319+253|3,27E-05| Plasma
glycoprotein 1 39584 56152 ¥
i Serum P02768 5.92 6.25 8 11 78 08 61+97¥ |381+254| 0,005 Plasma
albumin, 71317 14042 ¥
fragment c-
term

Table 2. In the table are reported the qualitative differences with their spot letter match those
present in fig 1, the protein name, the accession number, theoretical and experimental pl and MW.
Mascot Search Results comprehending number of matched peptide, sequence coverage and score.
Are also reported %V mean and standard deviation values of the respective protein in every gel of
each condition. In the table is also reported ANOVA p-value. Multiple pair-wise comparison was
performed using a Tukey post hoc test (p<0.05). Smoking controls (sc) means that significantly
differ from no-smoking controls (nsc) means are visualized by *, while smoking controls means
significantly differing from Langerhans cell Histiocytosis (HX) ones are visualized by ¥; and
significant differences occurring between no-smoking controls and Langerhans cell Histiocytosis
are shown by §




No. of Protein AC  |Theoretic|Experiment Mascot search result Mean %V + SD x 104 1-way Folds in Localization
spot name al al No. of |Sequenc| Score nsc sc PLCH | ANOV | Nsc-sc | Nsc-| Sc-
pl/Mr pl/Mr  |matched e Ap PLC|PLC
(KDa) (KDa) peptide | coverag value H H
e (%)
PLCH>nsc and/or sc
1 Kininogen- | P01042 6.34 4.95 11 18 118 54341058 | 225+214¥ | 53934186 | 8.97E- | 2.41 | 9.93% |23.96 Secreted-
1, fragment 72996 61092 4% 06 ¥ |extracellular space
N-term
2 Ig alpha-1 | P01876 6.08 5.98 8 25 116 879+788% | 206+207¥ 31794168 | 0,002 | 4.26 | 3.61% |15.43 Secreted
chain C 38486 60221 5% ¥
region
3 Pigment | P36955 5.97 5.61 8 24 111 405£176% | 281+87¥ |1230+693| 0,007 | 1.44 | 3.03% |4.37¢ Secreted
epithelium 46484 49075 ¥
4 Pigment | P36955 5.97 5.69 8 21 114 326+211% | 307+182¥ |767+260%| 0,009 | 1.06 | 2.35% |2.49¥ Secreted
epithelium 46484 49222
5 |Haptoglobin| P00738 6.13 5.26 12 31 114 4464698 |432+180¥ |2062+118| 0,003 | 1.03 | 4.62% [4.77¥ Plasma
, fragment c- 45861 40355 6%
term.
6 Creatine P12277 5.34 5.31 7 26 108 26741468 | 161+93¥ |749+306¥| 0,001 | 1.65 | 2.80% |4.65* Cytoplasm
kinase B- 42902 41841
type
7 Annexin A3| P12429 5.63 5.59 8 32 111 158+159% | 127+54¥ |5304£318%| 0,017 | 1.24 | 3.35% [4.17¥ Cytoplasm
36524 31681
8 Alpha-1 anti| P01009 5.37 4.84 15 46 212 1491+117 | 299+413% | 54254817 1,79E- | 4.98 | 3.63% |18.14 Plasma
tripsin 46878 53626 8¢ ¥ 06 ¥
9 |Alpha-1 anti| P01009 5.37 4.80 8 27 107 495+979% | 28+64* |2644+147| 0,003 | 17.6 | 5.34% [94.42 Plasma
tripsin 46878 54359 3% ¥
10 |Ceruloplasm| P00450 5.44 5.10 11 13 134 135+118% | 1544149% |496+121¥8| 0,001 | 1.14 | 3.67% |3.22¥ Plasma
in 122983 131973
11 Alpha-1- P01009 5.37 4.96 13 41 175 28842215 | 423+204¥ | 13594551 | 0,001 | 1.46 | 4.71% |3.21¥ Plasma
antitrypsin 46878 58032 ¥
12 | Serotransfer| P02787 6.81 6.05 8 11 102 415+322% | 1624219¥ | 2655+122| 0,0003 | 2.56 | 6.39% |16.38 Plasma
rin 79280 60048 3% ¥
13 | Serotransfer| P02787 6.81 6.00 11 19 112 623+170° | 672+576¥ |3255+231| 0,016 | 1.07 | 5.22% |4.84¥ Plasma
rin 79280 80091 6¥8
14 Pyruvate | P14618 7.96 6.47 11 28 105 27642368 | 642+290¥ | 13914596| 0,003 | 2.32 | 5.03% |2.16¥| Cytoplasm-
kinase 58470 58174 ¥ Nucleus
isozymes
15 | Apolipoprot| P02647 5.56 5.03 8 26 99 179+103% | 276+£197% [9244371¥5| 0,0009 | 1.54 | 5.16% |3.34¥ Plasma
ein A-l 30759 23065
16 |Hemoglobin| P68871 6.75 6.77 11 77 155 109+131% 650+233%| 0,001 | 3.00 | 5.96% [1.98% Blood
subunit beta 16102 11120 328+123¥%
17 |Ceruloplasm| P00450 5.44 5.13 15 18 123 259+183% | 180+179¥ | 564+£99¥¢ | 0,005 | 1.43 | 2.17% |3.13¥ Plasma
in 122983 130654
18 Alpha-1- P01009 5.37 4.70 11 32 143 277290 | 93+77* |599+288¥| 0,018 | 2.97 | 2.16 |6.44* Plasma
antitrypsin 46878 50566
19 Actin, P60709 5.29 5.07 9 28 107 8674437 | 320£272¥ |1071+348| 0,016 | 2.70 | 1.23 |3.34¥|] Cytoskeleton
cytoplasmic 42052 40664 ¥
1
20 |Ceruloplasm| P00450 5.44 5.16 10 11 101 306+223 | 201+151¥ | 537+137¥| 0,02 152 | 1.75 |2.67* Plasma
in 122983 130000
21 | Serotransfer| P02787 6.81 6.07 16 22 166 108542288 18314559 | 4471+293| 0,022 | 1.68 | 4.12% | 2.44 Plasma
rin 79280 80.091 98
22 | Serotransfer| P02787 6.81 6.14 18 23 188 2376+3008|3235+879|4969+174| 0,01 1.36 | 2.09% | 1.53 Plasma
rin 79280 79397 38
23 Fibrinogen | P02679 5.37 5.52 10 28 133 511+354% | 7664671 |2649+205| 0,039 | 1.49 | 5.18% |3.45 Plasma
gamma 52106 53481 58
chain
24 Alpha-1- | P01009 5.37 5.29 8 27 121 1974222% | 6414651 [1938+120| 0,01 | 3.25 | 9.83% |3.02¥ Plasma
antitrypsin 46878 54009 0%

Table 3. Table reporting identified proteins up-regulated in PLCH BAL respect to smoker and/or no-smoker controls with their
spot number match those present in fig 1, the protein name, the accession number, theoretical and experimental pl and MW.
Mascot Search Results comprehending number of matched peptide, sequence coverage and score. Are also reported %V mean and
standard deviation values of the respective protein in every gel of each condition. In the table is also reported ANOVA p-value.
Multiple pair-wise comparison was performed using a Tukey post hoc test (p<0.05). Smoking controls (sc) means that
significantly differ from no-smoking controls (nsc) means are visualized by *, while smoking controls means significantly
differing from Langerhans cell Histiocytosis (HX) ones are visualized by ¥; and significant differences occurring between no-

smoking controls and Langerhans cell Histiocytosis are shown by 8



http://www.uniprot.org/locations/SL-0090�

No. of| Protein name AC |Theoretic| Experi | Mascotsearch Mean %YV + SD x 10 1-way Folds in Localization
spot al mental result ANOVA
pl/Mr | pl/Mr |No.|Seque| Score | nsc sC PLCH | pvalue | Nsc-| Nsc- | Sc-
(KDa) | (KDa) | of | nce sc |PLCH| PLC
mat| cover H
che| age
d | (%)
pep
tide
PLCH< nsc and/or sc
25 Polymeric P01833 5.58 514 | 10| 18 129 |2901%|3037+1(911+694%] 131E-05 | 1.04 | 3.18% | 3.33* |Cell membrane
immunoglobulin 84429 | 87377 438% | 038* s
receptor
26 Thioredoxin P10599 4.82 467 | 6| 40 82 |665+1|1492+8[2304£235¥| 0,005 |2.24 | 2.89 |6.48%| Cytoplasm-
12015 | 12098 13 19¥ Secreted
27 Plastin-2 P13796 5.20 519 |10 21 102 |873+3|127243|453+386%] 0,01 1.45] 1.92 |2.80*| Cytoplasm-
70815 | 61983 55 20¥ Cytoskeleton-
Cell junktion
28 Serum albumin | P02768 5.92 6.04 | 8| 14 92 |1830%|2980+81239+136| 0,04 1.62 | 1.47 |2.40¥ Plasma
71317 | 57513 647 | 27¥ 3¥
29 | Serumalbumin, | P02768 5.92 6.09 | 6 9 74 |278%1|405+22| 124+83¥ | 0,049 145 2.24 | 3.26¥ Plasma
fragment 71317 | 31059 37 4¥
N-term
30 | ADP-ribosylation | P36405 6.74 737 | 6 | 52 107 |305+1|621+33| 142+49%| 0,012 2.03 | 2.14 | 4.37%¥| Membrane
factor-like protein 20614 | 21404 61 1¥
3
31 Alpha-1B- P04217 5.58 516 | 8 | 22 109 |1370%|1163+4| 663+83%| 0,022 1.17 | 2.06% | 1.75 Plasma
glycoprotein 54809 | 75685 4148 | 43

Table 4. Table reporting identified proteins down-regulated in PLCH BAL respect to no-smoker
and/or smoker subjects with their spot number match those present in fig 1, the protein name, the
accession number, theoretical and experimental pl and MW. Mascot Search Results comprehending
number of matched peptide, sequence coverage and score. Are also reported %V mean and standard
deviation values of the respective protein in every gel of each condition. In the table is also reported
ANOVA p-value. Multiple pair-wise comparison was performed using a Tukey post hoc test
(p<0.05). Smoking controls (sc) means that significantly differ from no-smoking controls (nsc)
means are visualized by *, while smoking controls means significantly differing from Langerhans
cell Histiocytosis (HX) ones are visualized by ¥; and significant differences occurring between no-
smoking controls and Langerhans cell Histiocytosis are shown by 8




No. of | Protein AC |Theoreti|Experimen| Mascotsearch result Mean %V + SD x 10 1-way Folds in Localization
spot name cal tal No. of | Sequence |Scor| nsc sC PLCH |ANOV |Nsc-sc| Nsc- | Sc-
pl/Mr pl/Mr  |matche| coverage | e Ap PLCH|PLC
(KDa) (KDa) d (%) value H
peptide
Nsc<sc and/or PLCH sc>PLCH
32 Serum | P02768 | 5.92 6.01 13 24 163 |601+414*| 1372+30 [418+277¥ 0,001 |2.28*| 1.43 |3.28¥ Plasma
albumin 71317 56684 6*¥
33 Serum | P02768 | 5.92 6.09 9 14 116 |601+176*| 137217 [418+323¥|7,278E-{ 2.28* | 1.43 |3.28¥ Plasma
albumin 71317 56847 0*¥ 05
34 |lg gamma- | PO1857 | 8.46 7.16 7 32 113 | 103+63* | 343+228 | 31+44* | 0,01 |3.33*| 3.32 |11.0 Secreted
1chainC 36596 35601 *¥ 6%
region
35 19G kappa |gij41764| 6.92 6.51 5 39 94 |7124776*| 3006493 |969+904¥ 0,002 | 4.22* | 1.36 |3.10¥ Secreted
chain 18 23690 24549 1*¥
36 Serum | P02768 | 5.92 5.55 10 19 138 | 66+61* | 3261254 | 33+25¥ | 0,019 [4.93*| 2.00 [9.87¥ Plasma
albumin, 71317 40910 ¥
fragment c-
term
37 Haptoglobi| P00738 | 6.13 5.47 12 24 105 |691+316*| 1328+21 [349+144¥| 9,61E- [ 1.92* | 1.97 |3.80¥ Plasma
n, fragment 45861 42815 6*¥ 05
c-term.
38 Serpin B3 | P29508 | 6.35 6.34 10 33 138 | 904+88* |233+100| 16155 | 0,05 [2.58*| 1.78 |1.44| Cytoplasm
44594 39874 *
39 Serum | P02768 | 5.92 5.55 9 16 121 | 61+56*% | 287+134 |302+1475| 0,013 | 4.70* | 4.95% | 1.05 Plasma
albumin 71317 38760 *
Nsc>sc and/or PLCH
40 |Immunoglo|gi|14967| 6.97 8.69 8 59 127 |3126+205|653+780 |848+709%| 0,022 |4.78* | 3.68% | 1.29 Secreted
bulin light | 3887 23665 24747 0*¢ *
chain
41 Purine | P0O0491 | 6.45 6.40 8 31 128 |355+141*| 36+33* |136+1665| 0,005 |9.86* | 2.61% |3.77| Cytoplasm-
nucleoside 32325 29822 § Cytoskeleton
phosphoryl
ase

Table 5. Table reporting identified proteins down-regulated in nsc BAL respect to smoker and/or
PLCH and protein up-regulated in sc respect to PLCH. The last three proteins are up-regulated in
nsc respect to sc and/or PLCH, with their spot number match those present in fig 1, the protein
name, the accession number, theoretical and experimental pl and MW. Mascot Search Results
comprehending number of matched peptide, sequence coverage and score. Are also reported %V
mean and standard deviation values of the respective protein in every gel of each condition. In the
table is also reported ANOVA p-value. Multiple pair-wise comparison was performed using a Tukey
post hoc test (p<0.05). Smoking controls (sc) means that significantly differ from no-smoking
controls (nsc) means are visualized by *, while smoking controls means significantly differing from
Langerhans cell Histiocytosis (HX) ones are visualized by ¥; and significant differences occurring
between no-smoking controls and Langerhans cell Histiocytosis are shown by 8




Chapter 2 Table

nspol PROTEIN NAME AC | Theoretical pUIW(KDa) MASCOT
Na. Matched peplide
1 Actin sytoplesmic | LR 519 42082 &
3 Actin cytoplasmic | PeaT09 5.29 42082 i
3 Alpha-1-anidclymotrypsin Polokl 533 4792 17
{ Alpha-1-antichymotrypsin Po10K £33 47792 1”
5 Alphs | antiérypsin PO1003 | 37 46878 8
i Algita | antitrypsin POIOCE| 3
b Alps | antirypsin Po1009 2
B Alphs | anterypsin PO1003 | 2
o Alpita | antitrypsin POIOCS| ]
10 Alyita | antitrypsin Pol003 §37 46878 9
11 Alps | antierypsin Po1010 37 46879 ]
1 Serpin B2 P29508 635 43 §
13 Leubocyte elzstzse inhibitor P3040 590 42829 ;]
14 Serpin B3 P29508 635 44594 i
15 Amexin A2 POTIZS 757 1BR08 H
16 Amexin A3 PI2429 12
17 g alpha-2 cham C region PO187T L]
18 I pamema- 1 chain C region Po18sT £.16 36596 1
19) e g | chain € region Po18sT §.46 36396 g
20} Ig gamea- | chain € region Po1§sT 846 36596 9
11 Amzein AS POSTEE 494 35571 g
13| Pulmonary surfactant-sssocizied profeind2  QEWLE 507 26622 §
23| Pubmonary surfactani-associated proteimAl  KQEIWLIL 507 26622 8
24| Pulmonary surfactant-risocuted proteimAl  EIWLY 1
15| Pulmonzry surfactant-associzied proteind)  QEIWL2 ]
26| Pubmonary surfactani-associated protemdl  QEIWLL 8
] Alpha-2-HS-ghycoprotein 2765 s
8 Alpha-2-HE-glycoprotein PO2T6S
9 Coerplment C3 alpha cham PO1O24 6.02 183569 b}
kIl Complemena €3 POI024 | 6.02 188569
3| Complement C3 POIOZY| 602 188569 2
n Compkement Factor H PERAO3 | 621 143680 15
33 Complement Factor H PS03 | 6.21 143681 1
kY Cotplement factor B Poa7sl 86847 ]
35 Complement factor | POs156| 38 62487
kL Polymeric immunoglobulin recsplor POIR3E | 558 B9
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Table 1. Table reporting identified proteins with spot numbers match those present in fig 2, protein
name, accession number, theoretical pl and MW, Mascot Search Results comprending number of
matched peptide, sequence coverage, score and sequence peptide when proteins are identified to LC-
MS/MS. In the last part of the table is reported the fold change of each analysis with statistical
significance: *= p<0.05, **= p<0.01.
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Fig 1. Gels Master of PLCH, smoker control (sc), no-smoker control (nsc). In every gel master are
reported the proteins quantitatively (number-circle) and qualitatively (letter-square) differentially

expressed.



0.8 - KNG1
N-fragment

——
0.6 1
0.4+
0.2 -
0.0 I |

& & >3
'S Q\E’

Fig 2. kininogen 1 N-fragment (KNG1)
expression trend (%V) in the three
conditions (no-smoker controls, smoker
controls, PLCH).
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Fig 4. Annexin A3 (ANXA3) (%V)
expression trend (%V) in the three
conditions (no-smoker controls, smoker
controls, PLCH).
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Fig 6. Thioredoxin (THIO) expression
trend (%V) in the three conditions (no-
smoker controls, smoker controls, PLCH).
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Fig 3. Pigment epitelium derived factor
(PEDF) (%V) expression trend (%V) in the
three conditions (no-smoker controls, smoker
controls, PLCH).
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Fig 5. Polymeric immunoglobulin receptor
(PIGR) (%V) expression trend (%V) in the
three conditions (no-smoker controls, smoker
controls, PLCH).
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Fig 7. Plastin-2 (PLSL2) expression trend
(%V) in the three conditions (no-smoker
controls, smoker controls, PLCH).
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Fig 8. Serpina B3 (SPB3) expression trend (%V) in the three
conditions (no-smoker controls, smoker controls, PLCH).
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Fig 9. Principal component analysis (PCA) perfectly clusterize 15 spot maps obtained
into three groups. Each group perfectly correspond to each treated

from 15 BAL

PC1:49,94%

condition: nsc (green), sc (red), PLCH (blu).
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Fig 1. Reference silver stained gels of the six conditions: no-smoker control (nsc), ldiopatic
Pulmonary Fibrosis (IPF), Pulmonary Langerhans Cells Histiocytosis (PLCH), Sarcoidosis (Sar),
Pulmonary Fibrosis associated to Systemic Sclerosis (Ssc), smoker control(sc).
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Fig 2. Spot map reporting identified differential expressed spots among six different conditions (Sar,
PLCH, SSc, IPF, nsc, sc).
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Abbreviations
ILD Interstitial lung disease
PLCH Pulmonary Langerhans Cell Histiocytosis
Sar Sarcoidosis
IPF Idiopathic Pulmonary Fibrosis
SSc Systemic Sclerosis
Sc smoker control
Nsc no-smoker control
LC Langerhans cells
DC dendritic cells
BAL BronchoAlveolar Lavage
HRCT High Resolution Computed Tomography
PFT Pulmonary Function Test
MS Mass Spectrometry.
GO Gene Ontology
MAVLDI-ToF Matrix Assisted Laser Desorption/lonization-Time of Flight
LC MS/MS Liquid Chromatography tandem mass spectrometry
ESI-MS/MS electrospray ionization ion trap tandem mass spectrometry
2D-PAGE Two dimensional-polyacrilammide gel electrophoresis
SDS Sodium Dodecyl Sulphate
PCA Principal Component Analysis
UIP Usual Interstitial Pneumonia
TGF-p Transforming Growth Factor f3
EGF epidermal growth factor
IGF insulin growth factor
PDGF platelet-derived growth factor
ELF Epithelial Lining Fluid
DTE dithioerythritol
ACTB actin cytoplasmic 1
AACT alpha 1 antichymotrypsin
AlAT alpha 1 antitrypsin
SFPAZ2 pulmonary surfactant associated protein A2
FETUA alpha 2 HS glycoprotein
CO3 complement C3
CFAH complement factor H



IGHGL1 Ig gamma 1 chains C regions
PIGR polymeric immunoglobulin receptor
S10AS8 protein S100A8
APOAL1 apolipoprotein Al

HPT haptoglobin
TRFE serotransferrin

TTHY transthyretin

ZA2G zinc alpha 2 glycoprotein
A2GL leucin rich alpha 2 glycoprotein
PRDX5 peroxinredoxin 5

GSTP1 glutathione S transferase P
CERU ceruloplasmin
ALBU albumin

SPB3 serpin B3

ILEU leucocyte elastase inhibitor
ANXA2 annexin A2
ANXAS3 annexin A3
ANXADS annexin A5

IGHAZ2 Ig alpha 2 chains C regions
CFAB complement factor B

CFAI complement factor |

ANGT Angiotensinogen

VTDB vitamin D binding protein
AFAM Afamin

FABP4 fatty acid binding protein
RET 4 Retinol binding protein 4
1433E 14-3-3 protein epsilon

SBP1 Selenium binding protein
CAYP1 calcyphosin

KNG 1 kininogen 1

PPI1A peptidil prolyl cis trans isomerase
CYTB Cystatin B

PLSL2 plastin 2

1GJ immunoglobulin J chain

SFTPD pulmonary surfactant associated protein D
MRC1 macrophage mannose receptor 1
AMYP pancreatic alpha amylase
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