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1) Project aim/objectives

The general aim of this project is to find new genetic susceptibility factors in autoimmune diseases (AIDs), in particular in Multiple Sclerosis (MS).

The specific objective in the first year of PhD study was: 1) to verify in the Italian population a possible MS association with HLA (Human Lymphocyte Antigene) class I genes, independent of the well-known association with the class II HLA-DRB1*15 allele. Several studies suggested that genes located in the HLA class I region modulate susceptibility to MS independent of the well-known association with the class II HLA-DRB1*15 allele. So far no conclusive data were reported in the Italian population and the primarly associated class I gene was not yet identified. 2) In case of a significant finding for objective one, to identified the associated class I gene.
2) Background

Multiple Sclerosis (MS) is considered a T-cell-mediated autoimmune disease of the central nervous system (CNS). This pathology is a juvenile disorder: in the majority of patients is diagnosed before the age of 55, and only in a small group the onset of the disease is before the age of 14. Female / male ratio is 2-3 (Fernald G.H. et al.,2005). Multiple Sclerosis is characterized by unpairing of the immune system, leading to an autoimmune response against one or more cerebral white matter antigens. This leads to disseminated regions of focal myelin destruction and axonal loss (plaques), that resulting in a disabling condition. MS patients present early inflammatory infiltrates, active lesions. In later stages of disease pathogenic developments are restricted to the lesion edge (Raine C. et al.,1994). The lesions expand from the periphery suggesting that inflammatory activity at the lesion edge is instrumental in disease progression. Chronicity and progression of MS lesions is one of the most characteristic features of the disease (Marcin P.M. et al.,2004).
There are three clinical forms of MS, relapsing-remitting (RR), secondary progressive (SP), and primary progressive (PP).

Multiple Sclerosis etiology remains elusive, but the interplay between environment and genetic factors is ultimately thought to be critical to the development of disease. Epidemiological observations at the population level as well as familial aggregation studies (Ebers G.C. et al.,1995; Robertson N.P. et al.,1996) have prompted, in different MS populations, linkage studies and candidate gene searches in the attempt to dissect genetic components of the susceptibility to MS. The results were similar to those found in other autoimmune diseases, suggesting that MS is genetically complex, and may result from the contribution of several genes exhibiting low or moderate effect (Dyment D.A. et al.,1997; Sawcer S. et al.,1997).
Today, the only genetic factor, that is certainly known to be associate with MS, maps in the Major Histocompatibility Complex region (MHC, on chromosome 6p21) (Figure 1), in particular, the extended haplotype HLA DRB1*1501, HLA DQA1*0102, and DQb1*0602 (DR15), in the HLA (Human Lymphocyte Antigene) class II region. DR15 conferred a risk of about 3,6 in the Italian population (Ballerini C.et al,2004), as well as in other European populations (Fogdell A.et al.,1995;Olerup o.et al,1991;;Barcellos L.F.et al.,2006). Scans of the MHC region by use of microsatellite markers have found evidence for a second locus in the HLA class I region, independent of the effect of DR15. In this region maps an interesting candidate gene: MOG (Myelin Oligodendrocyte Glycoprotein), a quantitatively minor component of myelin, specific of the central nervous system and located exclusively on the surface of myelin sheaths and olygodendrocytes (Johns T.G. and Bernard C.C.,1999). MOG is a potential target antigen of the central nervous system, known to induce an autoreactive T cell response and pathogenic demyelinating anti-MOG antibodies in MS patients and in EAE (experimental autoimmune encephalomyelitis) mice, the animal model of MS (Amor S.et al.,1994;Bernard C.C. et al.,1997; Iglesias A.et al.,2001). 
In the 2002, Gomez-Lira et al. found a significant association, in a small sample of 50 MS patients from the continental Italian population, with the missense variation V142L in the MOG transmembrane region. By contrast no association with MOG gene was found in the French population in 169 patients (Roth M.P.et al.,1995), German pediatric patients (Ohlenbusch A. et al.,2002) and 397 Sardinian trio families (Marrosu M.G. et al.,2007). Possible explanations of this inconsistency might be population differences and/or the small sample sizes.
3) Experimental plan and methods

In the first year I have started searching for susceptibility factors in the HLA class I region, independent from DR15, in Italian patients.

Particularly, I have analyzed markers in the:

· HLA class I region: specifically the MOG (Myelin Oligodendrocyte Glycoprotein) gene V142L missense variation, HLA-A gene and HLA-Cw gene.
· HLA-DRB1
I have analyzed specific markers of these genes with a classic case-control study in two Italian cohorts (see sample cases).

Sample cases
Two independent Italian cohorts were analyzed. One sample (SET 1) consisted of 878 MS patients and 890 controls matched for sex, age and regional provenance. The second one (SET 2) is constituted by 246 simplex families (TRIO) including MS patients with both parents. 

Enrolment of all patients and parents followed their informed consent. Patients were diagnosed according to McDonald et al.. In this samples were included only patients with relapsing-remitting (RR) and secondary progressive (SP) onset. Patients with primary progressive onset were excluded as well as patients with Sardinian ancestors to avoid the introduction of confounding sources of heterogeneity.
Variation MOG V142L typing

MOG V142L typing was performed by pre-designed TaqMan® SNP Genotyping Assay (probe code: C__25474376_10). 

HLA-A*02 analysis
Two different method was performed for the typing of HLA-A gene.

SET 2: Samples have been analyzed by sequencing exon 2 and exon 3 in order to obtain the complete HLA-A typing. Exon 2 and 3 were amplified together in the same fragment using the following primers: forward primer (HLA-A F deg) that is specific for the HLA-A gene, while the reverse (HLA-A R) is not only HLA-A specific (Table 1). The reaction mix was performed using 0.02 U/μl TaqAB, 0.2 pmol/μl of every primers, 1.75 mM MgCl2 and glycerol to 7.4%. PCR was made at 60°C annealing temperature for 35 cycles. Following PCR product was purified using the MILLIPORE’s PCR96 Clean Up kit and the sequencing reaction was performed with BigDye Master Mix(Applied Biosystems), using nested primer HLA-AintEX2 (Table 1) for the exon 2 and another nested primer (HLA-AintEX3) for exon 3. Sequences were purified using plate of MILLIPORE’s SEQ96 Sequencing Reaction Cleanup kit and analyzed with automatic sequencer Applied Biosystems (ABI) 3100.

SET 1: patients and controls were analyzed only for the HLA-A*02 allele. I have amplified only exon 2 using the primers (HLA-A Fdeg and HLA-Aint EX2) shown in table 1. The reaction mix was the same used for previous PCR. The PCR product was digested using a specific restriction enzyme (Kpn2 I) that cut when the A*02 allele is present (figure 2). The digestion was performed at 37°C for 4 hours, then the enzyme was inactivated at 80°C for 20 minutes.

HLA-Cw*05 allelic specific PCR

Both sample sets were analyzed using an allelic specific PCR to identify only samples positive for Cw*05 allele, using PCR conditions according to 12th International Histocompatibility Workshop. Two specific primers pairs were used to amplify specifically the Cw*05 allele and a 796 bp internal control amplicon (Table 1). The reaction mix was performed using 0.02 U/μl TaqAB (AB Analitica), 1pmoli/μl of HLA-Cw5 specific primers, 0.33 pmoli/μl of internal control primers and 2mM of MgCl2.

HLA-DRB1*15 allelic specific PCR

Both sample sets were typed by allelic specific PCR. PCR was performed using primers described in Table 1. The reaction mix was made using 0.02 U/μl TaqGOLD (Applied Biosystems), 0.5 pmoli/μl DR15 specific primers, 0.25 pmoli/μl of internal control primers and 1.5 mM of MgCl2.

4) Result

Association with MOG V142L polymorphism
We have analyzed 878 MS patients and 890 controls (sample set 1) and 246 simplex families including the MS patient and both parents (sample set 2) for V142L MOG missense variation (Table 2).

From this analysis resulted a significantly association with the V142L variation and MS disorder. This data was confirmed in two independent Italian sample sets. Particularly, comparing the MS patients with controls, both set 1 and two shared a significantly decreased of L142 allele (0,162 vs 0,207; p=6.6x10-4, OR=0,74; 95% CI=0,62-0,88) for set1,and (0,116 vs 0,191; p=1.5x10-3; OR=0,55; 95% CI=0,38-0,80) for set 2 (Table 2). The L142 frequency in patients is significantly different then in controls, that means that the polymorphism and the disease are associated.

This association remained significant also in the combined sample (0,152 vs 0,203; p = 6.7x10-6; OR= 0,70; 95% CI=0,60-0,82) (Table 2). 
We observed that in the patients the minor allele (L142) was under-represented (Table 3). This suggests a possible dominant protective role of L142. The comparison of genotype frequencies in all MS patients (N=1124) and in the controls of sample set 1 (N = 890) suggested a dominant protective effect of L142 since both L142 homozygotes and heterozygotes were significantly decreased among the patients (Table 3).
To eliminate the possible confounding effects of linkage disequilibrium (LD) with HLA-DRB1*15, we conditioned the analysis of MOG 142 association on DRB1*15. L142 remained significantly less frequent in DRB1*15 negative patients than in DRB1*15 negative controls (0.163 vs 0.213, p = 9.7 x 10-4; OR=0,72; 95% CI=0,59-0,88); (Table 2). This result was in line with the very weak LD between L142 and DRB1*15 detected in this panel (D’ = -0.011; r2 = 0. 059; p = 0.02). The effect of L142 and DRB1*15 alleles on MS risk was further evaluated by logistic regression modelling (Table 4) in collaboration with statistical group. These data demonstrate that the involvement of MOG L142 in MS susceptibility is not secondary to the well known major effect of DRB*15. Moreover, the effect of these two MS associated alleles was not reciprocally modified
Association with other HLA genetic markes

Recently, different studies show that two particularly alleles of two HLA class I genes , HLA-A*02 (Brynedal B.et al.,2007) and HLA-Cw*05 (Yeo T.W.et al,2007), are associated to MS.
To understand if the MOG V142L variation effect is secondary to these two associations, we have started typing samples from set 1 and 2 for HLA-A*02 (A2) and HLA-Cw*05(Cw5) markers.

HLA region is very complex, because it is characterized by a high degree of polymorphism. For every gene up to 941 alleles have been identified by now (for example: 589 HLA-A, 941HLA-B, 327HLA-Cw). For this region it is complex to perform a complete HLA typing and it has been necessary to set up allele-specific protocols.

I have set up two methods for HLA-A*02 typing: a quickly and cheap restriction digestion protocol specific only for HLA-A*02 allele and a sequencing protocol that instead allows the complete HLA-A typing (material and methods). We have performed the first screening for the complete HLA-A typing over set 2 families. This analysis allowed us to understand if other HLA-A alleles besides A2 are associated with MS in the Italian population. Set 2 samples were typed only for A2 marker faster and cheaper restriction protocol to enlarge the sample size and gain more statistic power.
An allele-specific PCR protocols was developed for HLA-Cw*05 and DR15 typing. Both set 1 and set 2 samples were typed with this protocol. These protocols were tested upon 40 samples with known typing and we obtained 100% of specificity and accuracy.

The results of HLA-A and HLA-Cw are not complete. I am going to complete the analysis.
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Table 1: PCR fragment and primers used.
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Table 2: Allele frequencies of MOG V142L 

	Allele
	Sample  
	Frequencies
	p value
	OR (95%CI)

	
	
	MS
	Controls
	
	

	
	set 1

(case/control)
	Na=1756
	Na=1780
	
	

	V
	
	0.838
	0.793
	
	1.35 (1.13-1.61)

	L
	
	0.162
	0.207
	
	0.74 (0.62 -0.88)

	
	
	
	
	6.6 x 10-4
	

	
	set 2

(trio families)
	Nb=492
	Nb=492
	
	

	V
	
	0.884
	0.809
	
	1.80 (1.24 - 2.61)

	L
	
	0.116
	0.191
	
	0.55 (0.38 - 0.80)

	
	
	
	
	1.5 x 10-3
	

	
	set1+ 2
	Nc=2248
	Nc=2272
	
	

	V
	
	0.848
	0.797
	
	1.43 (1.22 - 1.67)

	L
	
	0.152
	0.203
	
	0.70 (0.60 - 0.82)

	
	
	
	
	6.7 x 10-6
	

	
	DRB1*15-
	Nd=1236
	Nd=1556
	
	

	V
	
	0.837
	0.787
	
	1.39 (1.14 - 1.70)

	
	
	
	
	
	

	L
	
	0.163
	0.213
	
	0.72 (0.59 - 0.88)

	
	
	
	
	9.7 x 10-4
	


Notes to Table 2
aNumber of chromosomes 

bNumber of chromosomes transmitted (cases) or non transmitted (controls) to MS patients, calculated according to the AFBAC (affected family based controls) method31 in 246 simplex families

cSum of the chromosomes of sample set 1 and set 2. Patient chromosomes from set 1 and transmitted chromosomes from set 2 were counted as MS chromosomes, control chromosomes from set 1 and non-transmitted chromosomes from set 2 were counted as control chromosomes.

dNumber of chromosomes in HLA-DRB1*15 negative individuals among the 890 controls from set1 and a random subset of 887 MS patients (655 from set 1 and 232 from set 2) typed for HLA- DRB1*15.

Table 3: Genotype frequencies of  MOG V142L 

	Genotype
	Frequencies
	p value
	OR (95%CI)

	
	MS
	Controls
	
	

	
	N=1124
	N=890
	
	

	V/V
	0.727
	0.645
	2.8 x 10-5
	1.50 (1.24 -1.82)

	V/L
	0.250
	0.314
	5.9 x 10-4
	0.71 (0.58 - 0.86)

	L/L
	0.023
	0.041
	0.033
	0.57 (0.34 -0.96)

	overall
	
	
	6.3 x 10-5
	


Genotypes were distributed according to Hardy Weinberg equilibrium both in patients and controls

Table 4: Logistic regression analysis of MOG L142 and DRB1*15 alleles
	
	Crude values
	Adjusted values

	allele
	OR
	95%CI
	p
	OR
	95%CI
	p

	L142
	0.70
	0.57-0.85
	<0.0001
	0.72
	0.59-0.89
	0.002

	DRB1*15
	2.81
	2.21-3.57
	<0.0001
	2.77
	2.18-3.52
	<0.0001


887 MS patients and 890 controls (see note to table 1) with complete data for MOG V142L and DRB1*15 were included in the analysis. 

All individuals were coded as positive or negative for the L142 and DRB1*15 alleles.

All values were adjusted for sex

[image: image1.jpg]del piemonte
orientale



Figure 1: Major Histocompatibility Complex region (MHC, on chromosome 6p21)
Scheme of MHC region. The three HLA classes and relative genes are shown.

Figure 2: HLA-A*02 typing by enzymatic digestion 


[image: image4]
A Kpn2 I cleavage site is found only if the A*02 allele is present. Two fragments (159bp and 54bp) are generarated. Full length PCR fragment is 213 bp.

Tabella B.4a  - Stage presso enti esterni

Gli “stage” si intendono come periodi di apprendistato lavorativo e/o di ricerca presso enti/aziende italiane o straniere. Ogni studente deve compilare le schede rispettando il formato (Times New Roman 12) e l’impaginazione in quanto i dati saranno inclusi come tali nelle schede da inviare al nucleo di valutazione dell’Ateneo.

	Studente
	Ciclo
	Ente presso cui si è svolto lo stage
	Periodo

[in mesi]
	Argomento

	
	
	
	
	

	
	
	
	
	


{Aggiungere le righe necessarie}

B.5
Percorso formativo

Tabella B.5b - Corsi tenuti (in Italia o all’estero) per il Dottorato 

Lo studente deve elencare tutti i corsi didattici (per es. quello di Inglese e/o di Statistica), monografici (per es. quello sulla RNAi), e seminari ai quali ha partecipato. Rispettare il formato e l’impaginazione come sopra. Per i seminari inserire la data nella colonna “Numero di ore”, e la dicitura “Firme di frequenza” in quella di Modalità di accertamento.
	Corso di insegnamento o seminario (+ località)
	Docente (+ Affiliazione)


	Numero di ore


	Modalità di accertamento

{Esame, Progetto, Seminario, Relazione, Altro (specificare)}

	Inglese
	Prof. Bell 
	30
	Relazione

	Statistica
	Prof. Magnani 
	10
	Firme di frequenza

	Gene silencing by RNA interference (RNAi)
	Prof.ssa Defilippi
	10/01/2007 
	Firme di frequenza

	Autoantibodies in systemic sclerosis: from clinical subsets to pathogenetic
	Prof. Chizzoli
	12/01/2007
	Firme di frequenza

	Detection of miRNA target genes througth statistical analysis of DNA motif in Human-mouse 3’UTR regions
	Prof. Caselle 
	17/01/2007
	Firme di frequenza

	Patogenesi del diabete mellito di tipo I stiamo perdendo o stiamo vincendo?
	Prof. Bottazzo 
	18/01/2007
	Firme di frequenza

	Interazione integrine-fattori di crescita
	Prof.ssa Defilippi
	25/01/2007
	Firme di frequenza

	GeneTherapy strategies for Phenylketonur
	Prof. Thony
	1/02/2007
	Firme di frequenza

	The long hand of the small RNAs reaches into several levels of gene regulation
	Prof. Cogoni
	15/02/2007
	Firme di frequenza

	Human cytomegalovirus (HCMV) from clinic to the bench and return
	Prof. Mertens
	19/02/2007
	Firme di frequenza

	Fragile X syndrome from RNA metabolism impairment to spine dysmorphogenesis
	Prof Bagni
	22/02/2007
	Firme di frequenza

	Vita opera e miracoli dell’epatocita
	Prof. Tripodi
	9/03/2007
	Firme di frequenza

	Protein microarray development of new supports for improved sensitivity
	Dr. Cretich
	14/03/2007
	Firme di frequenza

	Microarray di tessuti: una strategia per identificare nuovi biomarcatori tumorali
	Dott.ssa Capra
	16/03/2007
	Firme di frequenza

	Drosophila as a model for aging and cancer
	Prof. Bohmann
	16/03/2007
	Firme di frequenza

	Marcatori farmacogenomici nel carcinoma colorettale: quali prospettive per una terapia personalizzata?
	Prof. Mini 
	29/03/2007
	Firme di frequenza

	Protein data base
	Prof. Milanesio
	12/04/2007
	Firme di frequenza

	Difetti genetici del pre-B cell receptor
	Dr.ssa Ferrari
	16/05/2007
	Firme di frequenza

	The regulation of hematopoitic stem cells by SMAD signaling
	Prof. Karlsson
	25/05/2007
	Firme di frequenza

	Translating basic science into therapeutic strategies for Schwachman Diamond Syndrome
	Prof. Ellis 
	28/05/2007
	Firme di frequenza

	Sindromi autoinfiammatorie
	Prof. Martini 
	4/06/2007
	Firme di frequenza

	La genesi dei gliomi e I suoi risvolti prognostici e terapeutici
	Prof. Schiffer 
	14/06/2007
	Firme di frequenza


{Aggiungere le righe necessarie}

Sezione C:   Risultati conseguiti nei cicli attivi dello stesso dottorato

Nelle tabelle, i valori richiesti si riferiscono alla carriera totale del Dottorando. Ogni studente deve inserire i dati richiesti relativi al ciclo di apparteneza. Rispettate formato ed impaginazione

Tabella C.1 - Studenti iscritti

Ciclo XXII

	Nome e Cognome
	Anno nascita
	Laureato/a presso Università di …
	Borsa (SI/NO)
	Se senza borsa, forma di sostegno economico
	Mesi totali trascorsi all’estero


	Numero pubblicazioni
	Numero di partecipazioni a conferenze

	Laura Bergamaschi 
	1982
	Universita’ degli Studi di Torino
	Si (lagrange)
	
	0
	3
	0


 
        {Aggiungere le righe necessarie}

 (1) Allegare l’elenco dei soggiorni
	Studente
	Ente
	Luogo
	Anno
	Docente/ricercatore di riferimento 

nell’ente ospitante (*)

	
	
	
	
	


(*)Se applicabile.
 (2) Allegare l’elenco delle pubblicazioni (di cui almeno un dottorando è co-autore)
· Corrado L, D'Alfonso S, Bergamaschi L, Testa L, Leone M, Nasuelli N, Momigliano-Richiardi P, Mazzini L. 
SOD1 gene mutations in Italian patients with Sporadic Amyotrophic Lateral Sclerosis (ALS). Neuromuscul Disord. 2006 Nov;16(11):800-4

· Corrado L, Battistini S, Penco S, Bergamaschi L, Testa L, Ricci C, Giannini F, Greco G, Patrosso MC, Pileggi S, Causarano R, Mazzini L, Momigliano-Richiardi P, D'Alfonso S. 
 Variations in the coding and regulatory sequences of the angiogenin (ANG) gene are not associated to ALS (amyotrophic lateral sclerosis) in the Italian population. J Neurol Sci. 2007 Jul 15;258(1-2):123-7

· Sandra D’Alfonso, Elisabetta Bolognesi, Franca R Guerini, Nadia Barizzone, Sara Bocca, Daniela Ferrante, Luca Castelli, Laura Bergamaschi, Cristina Agliardi, Pasquale Ferrante, Paola Naldi, Maurizio Leone, Domenico Caputo, Clara Ballerini, Marco Salvetti, Daniela Galimberti, Luca Massacesi, Maria Trojano, Patricia Momigliano-Richiardi. A SEQUENCE VARIATION IN THE MOG GENE IS INVOLVED IN MULTIPLE SCLEROSIS SUSCEPTIBILITY IN ITALY. Genes and Immunity, accepted for publication.
 (3) Allegare l’elenco delle conferenze/workshop (a cui almeno un dottorando ha partecipato)

	Studente
	Conferenza/Workshop
	Luogo
	Anno
	Studente relatore

{SI, NO}

	
	
	
	
	


Ciclo XXI

	Nome e Cognome
	Anno nascita
	Laureato/a presso Università di …
	Borsa (SI/NO)
	Se senza borsa, forma di sostegno economico
	Mesi totali trascorsi all’estero


	Numero pubblicazioni
	Numero di partecipazioni a conferenze

	
	
	
	
	
	
	
	


 
        {Aggiungere le righe necessarie}

 (1) Allegare l’elenco dei soggiorni
	Studente
	Ente
	Luogo
	Periodo temporale
	Docente/ricercatore di riferimento 

nell’ente ospitante (*)

	
	
	
	
	


(*)Se applicabile.

 (2) Allegare l’elenco delle pubblicazioni (di cui almeno un dottorando è co-autore)
 (3) Allegare l’elenco delle conferenze/workshop  (a cui almeno un dottorando ha partecipato)

	Studente
	Conferenza/Workshop
	Luogo
	Anno
	Studente relatore

{SI, NO}

	
	
	
	
	


A2/A2





A2/A2





A2neg/A2





A2neg/A2





A2neg/A2neg





A2neg/A2neg





54 bp





159 bp





213 bp
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HLA-A PCR





HLA-A F deg.





5’-CGACGCCGCGAGCCAGARGAT-3’





664bp





HLA-A R





5’- AACGGGAAGGAGACGCTGC-3’





HLA-A2 PCR





HLA-A F deg.





5’-CGACGCCGCGAGCCAGARGAT-3’





213bp





HLA-A intEX2





5’-GGCCCGTCCGTGGGGGATGA-3’





HLA-Cw5 allelic specific PCR





HLA-Cw5 F





5’CCGAGTGAACCTGCGGAAA-3’





563bp





HLA-Cw5 R





5’-CGCGCGCTGCAGCGTCTT-3’





ControlloCw5 F





5’-TGCCAAGTGGAGCACCCAA-3’





796bp





ControlloCw5 R





5’-GCATCTTGCTCTGTGCAGAT-3’





DRB15 allelic specific PCR





DRB1-15 F





5’-CCTGTGGCAGCCTAAGAGG-3’





195bp





DRB1-15 R





5’-CCGCGCCTGCTCCAGGAT-3’





ControlloDR15 F





5’-TGTTCTGTATTTGTGTTGTCTGATG-3’





474bp





ControlloDR15 R





5’- GTGCTCAGAGAGGCAAGGTT-3’





Primers for sequencing





HLA-A intEX2





5’-GGCCCGTCCGTGGGGGATGA-3’





Exon 2





HLA-A intEX3





5’-TCAGTTTAGGCCAAAAATCC-3’





Exon 3
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