
 

 
 
 
 
 

Dipartimento di Medicina interna e specializzazioni mediche  

U.O.C. MEDICINA GENERALE, IMMUNOLOGIA E ALLERGOLOGIA  - Direttore: Prof. NICOLA MONTANO 

CENTRO DI RIFERIMENTO PER LA DIAGNOSI E LA TERAPIA DELLA SCLEROSI SISTEMICA 

“SCLERODERMA UNIT”  -  Responsabile: Dott. LORENZO BERETTA 

Milano, Via Pace 9  -  Tel. 02 5503 2050  -  Fax 02 5503 5289  -  Email:  sclerodermaclinic@policlinico.mi.it 
 

 

 

Title of the project:  

In-depht analysis of evolution biomarkers: from early to definite systemic sclerosis 

 

Abstract 

Objectives: to identify biomolecular profile of early systemic sclerosis (EaSSc) patients compared 

to healthy controls. To identify potential biomarkers of disease progression in early patients before 

and after their evolution into a definitive disease with clinical fibrotic features.   

Background: Early diagnosis as well as biomarkers identification of early stages of disease are 

fundamental needs in systemic sclerosis (SSc). Although several studies were focused on early 

systemic sclerosis patients, only a small number of molecules of interest at a protein level, as well 

as very few gene expression studies were performed on this subtype of patients. Nowadays 

modern proteomic approaches based on aptamer technology (also called SOMAscan) are 

available and allow to investigate more than 1000 proteins in order to identify biomarkers of 

disease. 

Methods: A whole blood gene expression analysis will be performed on samples collected at 

baseline (T0) and after 4-5 years (T1) in N=15 patients who do not show any sign of evolution from 

EaSSc to a definite, in N=15 patients who did evolve into a definite form of SSc and in N=15 

healthy controls. A proteomic analysis through SOMAscan aptamer technology will be then 

performed on serum of healthy controls (n=4), of evolving patients (n=5) and non-evolving patients 

(n=5) selected on the basis of gene expression analysis results  

Expected results: to identify potential biomarkers of disease progression. The identification of 

inflammatory/fibrotic biomarkers of disease progression will allow future mechanistic studies 

focused on possible therapeutic targets in systemic sclerosis.  
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Lay summary 

L’identificazione di pazienti con sclerosi sistemica in fase precoce è fondamentale non solo dal 

punto di vista clinico ma anche ai fini di ricerca cosi da individuarne le caratteristiche biomolecolari. 

Diversi studi si sono focalizzati su pazienti con fase precoce di malattia (earlySSc) ma la maggior 

parte delle analisi proteiche si è concentrata su un numero ristretto di molecole selezionate a priori 

in base alla loro possibile implicazione patogenetica. Inoltre, gli studi focalizzati su analisi di 

espressione genica in questo specifico gruppo di pazienti sono ancora pochi. Attualmente le nuove 

tecnologie di proteomica consentono un’analisi molto più ampia su un grosso numero di molecole 

sieriche. In particolare le recenti tecnologie basate su aptameri (SOMAscan aptamer technology 

nello specifico), consentono di identificare e valutare più di 1000 proteine permettendo un’analisi 

più ampia del profilo proteico dei pazienti.  

Nel seguente progetto si propone un’analisi di espressione genica al fine di confrontare pazienti 

con earlySSc rispetto a controlli sani. Inoltre, tra i pazienti con caratteristiche di earlySSc al 

baseline, i pazienti che dopo circa 4-5 anni hanno sviluppato caratteristiche cliniche di evoluzione 

di malattia (N=15) e quelli che invece non hanno sviluppato segni clinici di evoluzione (N=15) 

verranno confrontati sempre mediante analisi di espressione genica (whole blood gene 

expression). Successivamente un’analisi di proteomica mediante la SOMAscan aptamer 

technology verrà effettuata su un gruppo di pazienti selezionati in base ai risultati della precedente 

analisi di espressione genica e confrontata con controlli sani.  

Lo scopo di questo progetto è quello di caratterizzare biomarcatori caratteristici della fase precoce 

di malattia in pazienti earlySSc e in particolar modo di identificare i biomarkers di evoluzione di 

malattia da fase precoce a quella conclamata. L’individuazione di potenziali target molecolari che 

caratterizzino il passaggio da fase precoce a fase conclamata fibrotica di sclerosi sistemica, 

consentirebbe ulteriori studi futuri su potenziali target farmacologici nella sclerosi sistemica.  

Key words: Systemic sclerosis; early systemic sclerosis; gene expression; proteomic; aptamer 

technology; biomarkers.  
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In-depht analysis of evolution biomarkers: from early to definite 
systemic sclerosis 

 

Introduction  

Systemic sclerosis (SSc) is an autoimmune disease characterized by vascular abnormalities, 

autoantibodies production and fibrosis deposition. Raynaud phenomenon (RP) is the clinical sign 

of vascular impairment. Typically, it is the first sign in SSc and it can precede for several years the 

occurrence of other symptoms.  

The timing gap between RP presentation and definitive SSc organ involvement sharpens the 

urgency of an early diagnosis in SSc patients. Indeed, the efficacy of treatments could be reduced 

by a delayed diagnosis with consequent fibrosis deposition or organ impairment, especially in 

those patients with diffuse progressive fibrotic features of disease. The 2013 ACR/EULAR criteria 

defined better criteria for early diagnosis even without the occurrence of fibrotic clinical features 

(1,2). Early systemic sclerosis (EaSSc) is defined by the presence of RP, a positive nailfold 

capillaroscopy and SSc specific auto-antibodies (3). The majority of EaSSc patients develop a 

definitive diagnosis whose latency is in accordance to their autoantibody profile as verified in a 

study performed on 39 early SSc compared to 37 undifferentiated connective tissue disease (4,5).  

Now that criteria are available to better define this subgroup of patients, it would be of notable 

interest to characterize the molecular profile of EaSSc. Firstly, in the effort to investigate the 

pathogenic process behind development of SSc, secondly to find possible biomarkers of disease 

progression and therapeutic targets.     

Cohorts of EaSSc patients are nowadays poorly studied, likely due to the difficulty in diagnosing 

and collecting this subtype of patients. Whole blood gene expression studies performed on early 

patients are rare to our knowledge. One study was performed on PBMCs of a cohort of 30 healthy 

controls, 12 primary Raynaud’s phenomenon, 19 patients EaSSc, 7 patients with definite SSc 

without cutaneous fibrosis, 21 limited cutaneous SSc (lcSSc), and 10 diffuse cutaneous SSc 

(dcSSc). Interestingly, a type I IFN signature was assessed in early patients before skin fibrosis 

occurrence (6). As suggested in this study, alterations at a RNA level are already present in EaSSc 
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patients even before their organ involvement encouraging the need of further studies. The 

molecular characterization of EaSSc patients is indeed of paramount importance to open new 

avenues for disease interception.  

In the attempt to characterize the different stages of the disease, several studies tried to analyze 

serum cytokines profile in EaSSc. It is known that Intracellular Adhesion Molecule 1 (ICAM-1), 

Monocyte Chemotactic Protein 1 (CCL2), Interleukin 8 (CXCL8) and Interleukin 13 (IL-13) are 

higher in serum of EaSSc patients if compared to lcSSc, dcSSc or controls (7). A recent study 

performed on two cohorts of EaSSc assessed CCL2 as a biomarker of interstitial lung disease 

progression (8). Moreover, vascular dysfunction markers were found to linearly increase from 

EaSSc to established SSc stages, peaking in those with overt fibrosis (9). More recently, serum 

Interferon gamma-induced protein 10 (CXCL10), Interferon-inducible T-cell alpha chemoattractant 

(CXCL11), Tumor necrosis factor receptor 2 (TNFR2) and Chitinase-3-like protein 1 (CHI3L1) were 

found to be differentially expressed in patients with EaSSc and definite SSc, even before fibrosis 

clinically manifests (10); intriguingly baseline levels of CXCL10 and TNFR2 were found to be 

related to shorter evolution times from EaSSc to more severe forms of the disease.  

Despite the encouraging results obtained from the abovementioned studies, the biological 

modifications that occur when a patient evolves are unknown. These changes should ideally be 

studied by a comprehensive approach based on the analysis of a broad unselected panel of 

proteins, such as proteomic analysis. Most of the current targeted proteomics approaches 

interrogate several dozen proteins, extending into the low hundreds, and are hence not very 

comprehensive (11). Among the commercially available platforms, only two have managed to 

attain a screening coverage of 1000 or more protein targets, using antibodies or aptamers as 

ligands for specific proteins. These include an antibody-based targeted proteome screens (allowing 

the interrogation of 1000 different proteins, manufactured by Raybio), and an aptamer-based 

targeted proteome screens (allowing the interrogation of 1129 different proteins, the SOMAscan). 

Both these proteomic methods are currently being used to screen serum and other body fluids 

from rheumatic and non-rheumatic diseases for potential biomarkers. Antibody-based targeted 

proteomic assays have been extensively applied to various malignancies (12,13) and to develop 

biomarkers in patients with lupus nephritis (14). The aptamer approaches (also called SOMAscan) 

(15) have been used for screening sera from several human diseases including pulmonary disease 
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(16-18).  Recently, a study using SOMAscan aptamer technology was performed on 34 dcSSc 

patients and 15 controls and repeated on a validation cohort of 20 dcSSc and 11 controls 

identifying among 1129 proteins, 8 proteins as potential biomarkers of disease (19). At our 

knowledge, no other similar studies have been yet performed on SSc and especially none on 

EaSSc patients or in patients with pre-fibrotic disease.   

Our project aim is to investigate the molecular profile in EaSSc patients at both a RNA and protein 

level, trying to assess the differences between patients and controls as well as to identify 

biomarkers of disease progression. In order to find robust predictive biomarkers we aim to perform 

a gene expression analysis as well as a proteomic study with a validated modern technique, the 

SOMAscan assay. A paired analysis will be performed on a cohort of EaSSc patients at baseline 

and after their progression into a definite SSc to determine the molecular changes that accompany 

disease evolution. Results will be weighted and compared against a similar control group of EaSSc 

that within a similar lapse of time did not show any sign of evolution.  
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Objective and aim of the study 

Aim: 

The aim of this project is to investigate the biomolecular profile of EaSSc patients both at RNA and 

protein level and to characterize biomarkers of disease progression.  

 

We will perform a paired analysis based on a pool of whole blood RNA samples collected at T0 in 

2012-2013; this population of EaSSc patients is well characterized and already described in (9,10).  

EaSSc will be divided into two groups: those who evolved into a definite SSc within 4-5 years of 

observation and a roughly equal number of matched patients that did not evolve in the same lapse 

of time.  

Repeating in these two matched cohorts of patients a second collection of samples we aim to 

determine the biomolecular profile of evolving patients to find reliable markers of disease 

progression.  

 

Objectives: 

To perform a whole blood gene expression analysis identifying baseline (T0) differences in EaSSc 

versus healthy controls.  

To perform a longitudinal analysis on whole blood of EaSSc patients collected after 4-5 years (T1). 

To compare whole blood gene expression data in EaSSc patients who did evolve and those who 

did not evolve.  

To detect potential inflammatory/pro-fibrotic clusters of proteins identifiable as contributors to 

disease progression, through analysis of proteome in a selected subgroup of EaSSc progressors 

versus EaSSc not progressors.  
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Methods 

Patient population and type of collected biological samples:  

Patients are pre-selected and based on the cohort described in (9,10). All SSc patients fulfilling the 

criteria for EaSSc according to LeRoy and Medsger (2) will be considered for potential inclusion. 

Among those, we will select: 

-n=15 patients who developed SSc signs of definite SSc according to the 2013 ACR/EULAR 

criteria (group 1) 

-n=15 patients who do not show any sign of evolution (group 2) 

Additionally, we also include: 

-n=15 age- and sex-matched healthy controls.   

 

Population clinical features collected at T0 and T1 include: 

age, gender, race, auto-antibody profile, time of Raynaud’s onset, time and type of first not 

Raynaud’s phenomenon symptom onset, nailfold capillaroscopy pattern. Presence of  

teleangectasia, puffy fingers, esophageal involvement, skin thickening, pulmonary fibrosis. mRSS, 

FVC and HRCT pattern (ground glass, honey combing, increased interstitial, markings). Patient 

treatments at the time of blood withdrawal will also be recorded.  

 

All the subjects (n=45) will undergo gene expression analysis as detailed below. 

 

A selected group of healthy controls (n=4) of evolving patients (n=5) and non-evolving patients 

(n=5) will be further selected for proteomic analysis (see below for further details). Selection will be 

performed on the basis of gene expression analysis results.  

In details, a composite score will be generated considering differentially expressed genes (average 

genes scores); a random sample of 4 healthy individuals will be used as reference and their mean 

gene expression value will be set to 1 (reference values); the fold change in gene expression of 

patients compared to the reference value will be calculated for each patient and the composite 

score derived as well; a random subset of evolving and not evolving patients will be selected and 

their mean composite score calculated; the procedure is repeated considering all the different 
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subsets of patients until differences between groups are maximized. The procedure described 

above will ensure that evolving and not evolving patients selected for proteomic analysis are 

biologically different and that proteomic results are linked to transcriptome.  

 

Methods for handling and storing of biospecimens:  

After obtaining informed consent, serum samples from patients will be collected into serum tubes 

and stored at -80°C. 

Whole blood samples will be collected in PAXgene tubes for stabilization of intracellular RNA and 

will be stored at -80° C until RNA isolation and extraction. 

 

Method for generation of molecular data:  

Gene expression analysis: 

RNA will be extracted according to the manufacturer’s protocol (PAXgene RNA extraction kit); RNA 

quality will be checked with Bioanalyzer (Agilent, Genomics, Santa Clara, CA) looking at RNA 

integrity number.  

Only RNA samples with RNA Integrity Numbers (RIN) > 7 will be used for the microarray 

experiments. Global gene expression will be assessed using Illumina HT-12 arrays (Illumina Inc, 

San Diego CA) performed in one batch.  

Raw data will be exported into and analyzed with BRB-ArrayTools (National Cancer Institute, 

USA). The data will be normalized. Transcripts whose log intensity variance was in the bottom 75th 

percentile will be filtered out while transcripts with a false discovery rate <0.05 will be considered 

as differentially expressed.   

 

Proteomic analysis:  

A targeted proteomic method, the SOMAscan assay, will be used to individuate serum proteins. 

This technique is able to detect more than 1300 analytes in 150 μL of serum. The SOMAscan 

assay supports SOMAmer (Slow Off-rate Modified Aptamer) reagents (nucleotides), for protein-

capture. These aptamers are chemically modified in order to have higher affinity with proteins and 

to avoid not specific binding.  
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After several dilutions, serum samples will incubate with SOMAmer reagents. A series of 

partitioning and wash steps will convert protein concentrations in nucleic acid signals quantifiable 

by hybridization to custom Agilent DNA microarrays. The readout will be expressed in relative 

fluorescent units (RFU) directly proportional to the amount of target protein in the initial sample. 

The most expressed proteins will be detected in the least concentrated sample while the most 

scarce proteins will be detected in the most concentrated solution. The median %CV over all 1129 

SOMAmers is 5%, the median lower limit of quantification is 100 fM, and the median quantification 

range is 4.2 logs per SOMAmer (8 logs across all SOMAmers) (15). 

 

Statistical analysis:  

Data will be log transformed before the analysis to account for heteroscedasticity. The 

nonparametric Mann-Whitney and Kruskal-Wallis tests will be applied to compare 2 groups or 

multiple groups when necessary.  

Correlations between continous variables will be performed via Spearman’s rho. Matrix correlation 

data between gene expression and proteomic data will be corrected applying 10.000-fold 

permutation testing (Pmin procedure) to account for multiple comparisons. 
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Study design  

General overview 

1. Medical charts of 50 EaSSc patients who underwent in 2012/2013 on blood withdrawal for 

RNA extraction and serum collection (T0) will be reviewed.  

2. From this pool of EaSSc patients we will select n=15 patients who do not show any sign of 

evolution from EaSSc to a definite form of SSc according to the ACR/EULAR criteria (2). 

3. As above, from the pool of EaSSc patients we will select n=15 patients who did evolve into 

a definite form of SSc according to the ACR/EULAR criteria (2). 

4. 15 healthy controls matched for age and gender with the 30 EaSSc selected above will be 

recruited.  

5. RNA will be collected via PAXgene tubes; concomitantly serum will be extracted (T1). 

6. Gene expression analysis will be performed on RNA extracted from samples at T0 and T1 

as well as on healthy controls. 

7. Gene expression data will be analyzed and differentially expressed genes will be selected 

to derive the composite score. Using the procedure described in the methods section, 

maximizing the differences in the composite gene score, N=4 healthy subjects, n=5 

evolving patients and n=5 non evolving patients will be selected. 

8. A proteomic analysis using SOMAscan assay will be performed on healthy controls and 

EaSSc patients selected as above.  
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Gannt chart 

 Months 

Task 01 02 03 04 05 06 07 08 09 10 11 12 

Selection of patients and sampling             

Gene expression analysis             

Gene expression data analysis             

Selection of samples for proteomic              

Proteomic analysis             

Proteomic data analysis             

Data integration and final report             

 

 

Involved facilities and institutions 

Selection of study population, evaluation of criteria, clinical features evaluation, blood and serum 

collection and storing, RNA extraction will be performed at the Scleroderma Unit, Referral Center 

for Systemic Autoimmune Diseases, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore 

Policlinico di Milano, Milan, Italy.  

 

Gene expression analysis will be performed at McGovern Medical School, University of Texas 

Health Science Center at Houston, Rheumatology department. 

 

Proteomic SOMAscan assay technology for proteomic analysis will be performed at Dr Chandra 

Mohan laboratory University of Houston Science & Engineering Research Center Department of 

Biomedical Engineering 
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Data analysis and interpretation of results will be performed in collaboration both at Referral Center 

for Systemic Autoimmune Diseases, Fondazione IRCCS Ca’ Granda, Ospedale Maggiore 

Policlinico di Milano, Milan, Italy and at McGovern Medical School, University of Texas Health 

Science Center at Houston, Rheumatology department.  
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Budget 

 

Items Cost 

Reagents and laboratory procedures  

PAX gene tubes and RNA extraction kit 3.000 Eu 

Gene expression analysis (260 Eu/sample; total 75 samples) 19.500 Eu 

Proteomic profiling (780 Eu/sample; total 24 samples)  18.720 Eu 

Total 41.220 Eu 

Additional costs (travel, personnel cost)  

General expenses for personnel, travels, facilities for experiments at c/o UTHealth 8.000 Eu 

Total 8.000 Eu 

General total 49.220 Eu 

Total request funding to “bando GILS giovani ricercatori italiani”  

Personnel cost, reagents and laboratory procedures, travels 25.000 Eu 

Total 25.000 Eu 

Matched funding from UTHealth   

Total 24.220 Eu 

 

Expected results:  

In relation to the general aims and objectives of the research we expect to: 

 Characterize the prototypical gene expression profiles of EaSSc to find the genes that 

aberrantly over- or under-expressed since the early phases of the disease 
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 Define the baseline gene expression profile of EaSSc who develop definitive SSc criteria as 

compared to those patients who remain stable and show no signs of progression in the 

same time-frame.  

 Characterize the switch in whole blood gene expression linked with the progression of the 

disease comparing data from sample collected before and after the development of 

evolutive features. 

 To characterize the proteomic profile of EaSSc patients compared to healthy controls 

 To define the proteomic profiles in EaSSc progressors compared to EaSSc who do not 

progress.  

 Characterize the proteomic profile in EaSSc progressors compared to non evolutive EaSSc 

subjects.  

 

Overall, the abovementioned findings would allow: 

 The biomolecular characterization of EaSSc patients to gain more insight in the 

pathogenesis of disease 

 The discovery of new biomarkers that are linked with disease evolution and progression.  

 A more accurate stratification of patients in relation to the risk of evolution 
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