INTRODUCTION
Multiple sclerosis (MS) is a chronic inflammatory disorder characterized by demyelination (damage to the myelin sheath) of the central nervous system (CNS).  The myelin sheath is an electrically-insulating membrane, constituted by lipids (70%) and proteins (30%) surrounding axons, which is segmentally interrupted by the nodes of Ranvier (Figure 1). The integrity of this lipoproteic complex depends on axon integrity, on myelin’s specific cells (oligodendrocites at CNS and on Schwann cells at the peripheral nervous system) and on vascular flow to these structures. It allows ionic exchanges at Ranvier’s nodes and increases the speed of the neuronal impulse along the axon [1].
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Figure 1: Neuron structure. Myelin sheath segmentally surrounds axon.
MS prevalence is variable depending on latitude [2]. Spain, as the rest of the south of Europe, is a zone of intermediate risk, with a prevalence of 10/100 000 inhabitants. Higher latitudes (both in the north and south hemispheres) present higher prevalences, while the disease is rarer closer to the equator. It mainly affects young women, with a female:male  ratio of 2:1. In addition, an increase of MS incidence has been observed in the last 20 years, especially in women [3]. Onset usually occurs between 20 and 30 years of age, and presentation is quite variable. Patients present with neurological symptoms such as muscle weakness that can lead to paralysis, paresthesias, loss of vision -due to optic neuritis- , cognitive deficits, and bladder or rectal deregulation. Diagnosis is based on Poser criteria (1983) which consider clinical symptoms (involving at least two different areas of the CNS occurring at two separate time periods), clinical evidence (abnormal physical examination), pathological imaging and neurophisiological tests (MRI, evoked potentials) and evidence of Ig intrathecal production (oligoclonal bands on lumbar punction), after exclusion of any other possible causes (CNS infections, inflammatory disorders such as Systemic Lupus Erithematosus).
The clinical course is variable and can range from relatively benign forms to a strong disability from the onset. Three main types of clinical courses can be distinguished: relapsing-remitting, primary progressive and secondary progressive (Figure 2) [1]. In the relapsing remitting form, episodes of clinical activity that may or may not leave neurological deficits are followed by periods of clinical stability. In the primary progressive form, there is a steady increase in disability from the onset. Secondary progressive MS presents with an initial period of relapsing remitting MS, followed by  a progressive form of the disease. Finally, a fourth course, relapsing-progressive MS,  is characterized by a steady increase in disability, as in the primary progressive form, with  superimposed attacks (Figure 2). 
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Figure 2: Multiple sclerosis clinical patterns showing increase of disability across time.
MS causes a great disability and a reduced quality of life. Current MS therapies are all immunomodulatory; that is, they partially protect against relapses but are ineffective against purely progressive symptoms. As a consequence, long-term prognosis remains generally poor: 15 years after diagnosis over 80% of patients have functional or cognitive limitations and 50-60% require assistance to walk [4].
At the pathological level, MS is characterized by myelin focal lesions (demyelinated plaque) with slight axonal damage. Demyelination is thought to be due to a T-lymphocyte attack on the myelin sheaths of the CNS. Contemporary models of pathogenesis support the occurrence of two overlapping and connected processes: inflammation and neurodegeneration. Bursts of inflammation are thought to underlie the episodic, relapsing-remitting phase of MS, whereas axonal loss and neurodegeneration would be responsible for progressive symptoms 
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[4, 5]
.  

Multiple sclerosis has a complex etiology, involving both environmental and genetic factors and their interactions. On one hand, family studies show the importance of genetic contribution to MS susceptibility: there is a 15-20 increase in the relative risk to present with  MS of among siblings and a higher concordance in monozygotic twins than in dizygotic ones (30% vs 3%).  On the other hand, the increase of MS prevalence with latitude [2]  indicates the importance of environmental factors in MS susceptibility. Studies on migrants have shown that MS risk is determined by the living environment in the first two decades of life: if one individual migrates from a zone of high incidence to a zone of low incidence before 15 years old he gets the risk from the new country, whereas if the migration takes place after being 15, he keeps the risk from the country of origin [6].
Although the environmental factors causing MS have not been defined yet, the most clear candidate is infection by Epstein Barr Virus (EBV). Several evidences support EBV role in MS susceptibility. First of all, MS patients have been shown to have higher levels of EBV immunoglobulins in preclinical stages (before clinical onset) than the general population 
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[7]
. Secondly, MS patients have a high rate of B cells infiltrating the CNS that harbor EBV infection whereas other neurological disorders don’t [8]. And finally, it has been shown that a T cell receptor (TCR) from an MS patient recognized both a DRB1*1501-restricted myelin basic protein (MBP) peptide and a DRB5*0101-restricted-Epstein Virus peptide (as both peptide complexes showed a marked degree of structural equivalence) giving a structural basis for cross-reactivity 
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[9]
. As  to how EBV infection could be involved in MS, it has been proposed that EBV could preferentially infect autoreactive B cells that would activate autoreactive T cells in a continuous manner at the CNS [10].
Another recognized environmental factor is the protective effect of UV light. Sun exposure protects against MS by raising body levels of vitamin D (1,25(OH)2D3), which has an immunomodulatory role [11]. Ultraviolet radiation is the principal catalyst for endogenous vitamin D synthesis in humans and low levels of vitamin D are common at high latitudes. Cells involved in innate and adaptive immune responses, including macrophages, dendritic cells, T cells and B cells, express the vitamin D receptor (VDR), and can both produce and respond to 1,25(OH)(2)D(3).  Vitamin D enhances innate immunity and regulates  adaptive immunity [12].In an observational study, serum levels of 25(OH)D (vitamin D precursor) were associated with both relapse rate and disability in MS patients [13]. These results are suggestive for a disease modulating effect of the serum concentrations of 25(OH)D on MS.
Many approaches have been undertaken in order to evaluate the genetic contribution to MS susceptibility. Both linkage and association studies have shown a major locus (signal) at the DR locus of the major histocompatibility complex. Specifically, MS is associated with the DR15 haplotype (DRB1*1501, DRB5*0101, DQA*0102, DQB1*0602) in the Caucasian population. [14]. In fact, the HLA locus accounts for 20-60% of the genetic susceptibility in MS [4]. Due to the strong linkage disequilibrium within the MHC class II region, it has not been possible to determine which specifíc gene is responsible for the genetic predisposition. Outside this locus, only IL7RA and IL2RA, detected in a genomewide association study analyzing 334 923 SNPs in 12 360 subjects, have been consistent but with a modest effect 
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.
The human leukocyte antigen (HLA) complex is a dense cluster of genes located on the short arm of chromosome 6 at p21.3. It encompasses approximately 3500 kilobases and contains at least 150 genes, most of which encode proteins that function in the immune system. There is extensive linkage disequilibrium across this whole region: nonetheless, it can be divided into three subregions (Figure 3): Class I and classII encoding HLA molecules, which are highly polymorphic and are essential in self versus non-self immune recognition, and class III encoding other non HLA proteins involved in the immune response such as TNF or complement proteins. 
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Figure 3: HLA region at 6p21.3:  showing a schematic representation of the distribution of Class I, II and III genes
HLA class II molecules participate in the recognition and presentation of antigens to T cells and are primarily expressed by antigen presenting cells such as macrophages, B cells and dendritic cells. HLA class II molecules are heterodimeric peptide binding trasmembrane glycoproteins constituted by an α-chain and a β-chain 
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[16]
. Both chains have four regions (Figure 4): first, a cytoplasmic region containing sites for phosphorylation and binding to cytoskeletal elements; second, a transmembrane region; third, a highly conserved α2 domain and a highly conserved β2 domain to which CD4 binds; and fourth, a highly polymorphic peptide binding region formed from the α1 and β1 domains [17]. 
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Figure 4: HLA classII molecule

There are three types of HLA classII genes (molecules): DP, DQ and DR. HLA-DR β-chains are highly polymorphic and are encoded by different genes: DRB1, DRB3, DRB4 and DRB5.  The majority of the polymorphic MHC class II residues are clustered around the antigen-binding site, indicating that these residues may influence the binding of selected antigen segments and interaction with the TCR complex.  The α-chain is not polymorphic and is encoded by the DRA gene. There have been described 5 main groups of haplotypes in humans [18], with the  DRB5 gene only being present in 20% of general population. In most haplotypes, two HLA-DRB genes are expressed, one for the DRB1* locus and one for the locus encoding DRB3*,-4* or -5* (DRB6, DRB7, DRB8 and DRB9 are pseudogenes) (Figure 5). Consequently, two non-allelic HLA-DR molecules are expressed on the cell surface. Class II molecules have been associated with several autoimmune or immune-mediated disorders including MS. 
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 Figure 5: DR haplotypes groups.  Pseudogenes are shown in blue.
How DRB genes influence susceptibility to MS remains unclear. The most plausible explanation assumes that the effect is mediated by antigen binding and presentation,and by T cell repertoire determination by negative selection of autoreactive T cells in embryo. Structural studies have demonstrated that the polymorphic HLA-DRB1 residues associated with human autoimmune diseases affect the shape and charge of the P4 pocket in the peptide binding site of the molecule [4].
Several recent publications have analyzed genomic structural variation, including insertions, deletions, translocations and deletions of genetic material (Figure 6), as a “new”major form of polymorphism [19].  Although its existence has been known for a long time, this type of variation was considered to be mostly rare individual events, and their real importance remained unknown until the last few years. One type of structural variation are copy number variants (CNV): DNA segments larger than 1 kb and up to several megabases, that can be found in a variable number of copies in the genome. They can be simple or complex, where the fragments duplicated vary in size between individuals, involving several subregions. Over  15% of the human genome may be affected by copy number variation [20]  
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, and despite most CNVs are thought to be benign polymorphisms, several studies have already proven CNVs pathogenic role in the aetiology of disorders such as Charcott Marie Tooth neuropathy type I 
 ADDIN EN.CITE 
[22]
 and  their contribution to complex diseases’ susceptibility such as HIV, Crohn’s Disease or Systemic  Lupus Erythematosus 
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. The most obvious explanation for the effect of this kind of variants can be the alteration of gene dosage, but they also may disrupt genes, uncover deleterious alleles, or have positional effects on the internal or surrounding genes, such as distancing a gene from its regulatory region.
 Several approaches are used in order to study this kind of polymorphisms at a genome-wide scale. The most direct analysis consists of array comparative genomic hybridization, which allows for detection of gains or losses of genetic material in comparison to a reference sample. Also, given the amount of information generated by SNP arrays for whole genome association scans, several algorithms have been developed to identify CNVs based on intensity evaluation on SNP arrays. Finally, new methods, such as paired-end mapping 
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[27]
 combine hight-thoughput sequencing and computational analysis in order to detect structural variation. In any case, the results obtained by these methods have to be validated with quantitative methods at individual or multiplex loci, such as quantitative realtime PCR, multiplex ligation-dependent probe amplification (MLPA) or FISH.
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Figure 6: Types of structural variation . CNVs can be biallelic, multiallelic or complex. 
OBJECTIVES

The aim of this study was to evaluate the contribution of genomic structural variation to MS susceptibility.  The chosen approach was to perform array comparative genomic hybridization (aCGH) in combination with a pooling strategy. Comparing pooled DNA from cases and controls would allow for the detection of common CNVs associated to the disease and dilute the effect of interindividual variation. Positive regions should be validated by real time quantitative PCR and tested for association in larger sample sets.
MATERIALS AND METHODS
Patients

Samples from MS patients were collected by the Neurology Services of Hospital del Mar (HDM-MS) (n=111) and Hospital Clínic i Provincial de Barcelona (n=165).  Controls samples (n=382) were obtained from blood donors from Hospital Vall d’Hebró (VH). A  replication set consisting of  746 MS  samples (MS-Andalucía)  and 513 blood donors controls without history of inflammatory disease were recruited at Hospital Clínico in Granada, Carlos Haya in Málaga and Virgen de la Macarena in Sevilla.

Array Comparative Genomic Hybridization

Genomic DNA was isolated from fresh-blood with Chemagic® magnetic separation module. In order to evaluate CNV contribution to MS susceptibility, an array comparative genomic hybridization (aCGH) with Agilent® 244K platform using a pooling strategy was performed.  In order to assess DNA quality of the samples for inclusion in the pool, samples were run in a denaturing gel, DNA concentration was quantified by Picogreen and Nanodrop and the 280-260 and 260-230 ratios were calculated, and samples were run in a denaturing agarose gel . Samples not fulfilling quality control criteria (large DNA sizes, concentration range 50-150ng/ul, 280-260 ratio around 1.8 and 260-230 ratio around 2) were excluded from the pool. Equal amounts of each DNA were mixed into the pooled DNA used for the hybridization. A reference pool, generated in the same way, was provided by the microarray facility.
1µg of the reference and test pools was differentially labelled and hybridized to a microarray with about 235000 60 bp long probes with an average probe spatial resolution of 6.4 kb, covering the entire genome. In order to avoid bias due to labelling, a dye swap experiment was performed. Hybridizations were performed according to Agilent Oligonucleotide Array-based CGH for genomic DNA Analysis (direct method) protocol (Version 4.0, June 2006). Data were filtered to exclude bad spots and adjust intensities too low or too high to more reasonable values, and then normalized to correct systematic errors due to technical reasons instead of biological variability, so that the modal ratio for the genome was set to a standard value 0.0 on a logarithmic scale.
Two pools of MS samples were generated according to the clinical pattern: relapsing-remitting MS (RR-MS) and relapsing-remitting progressive MS (RRP-MS) (phenotypes differing in disease progression, the last one being the most severe). We performed 6 hybridizations: RR-MS (n=20) versus controls (n=50), RRP-MS (n=20) versus controls, and RR-MS versus RRP-MS, each one with a dye-swap control.The initial criteria for selecting candidate regions was set as three consecutive probes with a log2ratio above 0.29 for the first probe ( in direct and dye-swap assays)  and 0.25 (direct or dye swap) for the  consecutive ones  in more than one  hybridization. Relaxed criteria were set as two consecutive probes with a log2ratio above 0.29 (in direct and dye-swap assays) and above 0.25 for the second probe (either direct or dye swap), in more than one hybridization.
RTqPCR
In order to validate the results from aCGH we performed real-time PCR using region-specific primers amplifying fragments that included an internal 8-9 bp probe from Roche’s Universal Probe Library (UPL)®. Primer design and UPL probe selection were performed  using the Universal Probe Library Assay Design software (Roche Applied Science) (Table 1).  Real-time PCR reactions were carried out in 384 wells plates in a Lightcycler 480 (Roche) detection system. Amplification reactions were performed with 15 ng of template DNA, 5 ul of Probes Master Mix (Roche Applied Science), 0.2 ul of each primer (10uM), 0.1 ul of UPL probe and 1.5 ul of H2O to adjust  to a final reaction volume of 10 ul, according to product specifications.  Thermal cycling was initiated with a 10 minutes pre-incubation at 95 ºC, followed by 45 cycles of 10” at 95 ºC, 40’’ at 59 or 60 ºC (primer dependent) and 1’’ at 72 ºC and, finally,  a cooling step of 30’’ at 40 ºC. Each sample was run in triplicate and results were referred to a RNAse assay (as a non-variant copy number control). Ct values for the triplicate were used to compute the mean (final Ct) when they fell within 0.01 standard deviations of each other. When obvious outliers were detected, only two Ct values were used to compute the mean. Standard curves (Ct vs log DNA concentration) were generated for the reference and test reactions using a 2- to 32- fold incremental increase in DNA concentration of a control DNA. To quantify copy number, DNA samples were amplified at the reference and the test regions. ΔCt of a given sample was then calculated as the difference between the mean Ct (determined as described above) and the Ct the of 15 ng point of the standard curve reference DNA, in both the test and reference reactions reactions. The efficiency (E) of each reaction was calculated, for reference and test genes reaction, according to the equation: E=10[-1/standard curve slope]  
The relative copy number of the test region referred to the reference region, (RATIO) was then calculated based on E and  ΔCt  and expressed in comparison to a reference gene using the following formula [28]:
RATIO= (Etest)ΔCt (Control-Sample)  / (Ereference) ΔCt (Control-Sample) 
	Gene
	Primers
	UPL Probe

	RNAse
	RNAse_F:tatttcctgatgggtctcggtc
RNAse_R:aagcttagaagattgtgtaccctt
	14

	DRB5
	F(Exo2-102):ytttcttgcagcaggataag
R (Exo2-322):yccgtagttgtgtctgca
	129



	TJP2
	TJP2_F: tgaatggggtcttaggttgg
TJP2_R: aagcaaatgcccacgactt
	24


Table 1:  Primers and UPL probes of RTqPCR reactions.

TJP2 breakpoints identification
Long range PCR

In order to determine the breakpoints for the CNV in chromosome 9 TJP2, we performed long range PCR. Primers (TJP2- Lr-F: CCTTTCACTCAAGGGATGGA; TJP2-Lr-R: CAGCTTGGGAAACAAGGAAC) were designed with Primer3Plus software, based on the location of the positive probes and on published data of CNVs mapping to the same region 
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. PCR reaction started with a 2’ denaturation step at  92 ºC ,  followed by 8 cycles of 10’’ at 92ºC, 30” at  64  to 61ºC , with a 1ºC  decrease each  2 cycles, and 5’ at 68ºC. Then 25 cycles of 10’’ at 92ºC, 30” at 60 ºC and 5’ at 68ºC, with a 30” extension increment each cycle. There was a final extension step of 5’ at 68ºC. Amplification reactions were performed with 50 ng of DNA template, 10X Roche® PCR reaction Buffer+Mg, 0.2 mM dNTPs, 0,4 pM  /ul of each primer, 0.04 U/ul  Taq Polymerase,  and  H2O to  reach a total volume of 25 ul. 
TJP2 deleted allele sequencing
The long range PCR product was run on a 1.5% low-melt agarose gel, the band corresponding to the deleted allele was cut and extracted with QIAquick® Gel Extraction Kit from Qiagen, using a microcentrifuge, according to product specifications.1 ul of the extracted product was added to a mix 1 ul Big Dye Terminator® v3.1 (Applied Biosystems), 1.5 ul 5X Buffer, 0.5 ul of either reverse or forward primer (10uM) and 6 ul H2O, and a sequencing PCR reaction was performed (5’ at  95 ºC ,  then  30 cycles of 30’’ at 95ºC, 30” at  50  ºC and 3’ at 60ºC). Sequencing products were cleaned up with Millipore® Montage Seq96  kit according to product specifications and run on a capillary sequencer (3730XL Applied Biosystems).
Multiplex PCR. Capillary electrophoresis detection
LCE3B-C and TJP2 CNVs were genotyped by multiplex PCR with 5’ FAM modification, subsequent capillary electrophoresis and analysis with Gene Mapper package (Applied Biosystems).  For LCE3B-C, 50 ng of DNA template  were amplified in 15 ul reactions with 10X  Roche® PCR reaction Buffer+Mg, 0.15 mM dNTPs, 0,2 pM  /ul   of each of the two  forward and two  reverse  primers  (Table 2) and 0.02 U/ul  Taq Polymerase. For TJP2, 15 ng of DNA template were amplified in 25 ul reactions with 10X  Roche® PCR reaction Buffer+Mg, 0.125 mM dNTPs, 0,2 pM  /ul  forward primer and  0,4 pM/ul of each of the  two reverse primers (Table 2), 0.06 U/ul  Taq Polymerase,  and H2O to  reach a total volume of 25 ul. 

For capillary detection, PCR reactions were diluted at 1:15 for LCE3B-C and 1:30 for TJP2, and 1 ul of PCR dilution was then added to 9 ul of a formamide/ROX mixture (950 ul + 20 ul per 100 samples), and samples were loaded into 3730XL.
	Allele
	Primers
	Product size

	LCE3B-C
Deleted
	LCE3C_3B_DelF:(6Fam)TCCTCATTTTGAGCCAGTCA

LCE3C_3B_DelR: GTGGTGAGAGAGGGCATCTC
	208

	LCE3B-C
Non Deleted
	LCE3C_F: (6Fam)TGCATTCCTGCAAAGATGTC

LCE3C_R: ATTGATGGGACCTGAAGTGC
	401

	TJP2

Deleted
	TJP2_FFluo: (6Fam)ggcctaggtatgttggagtga
TJP2_RDEL: gagaagtaaaaaccaaaatcacacac
	134

	TJP2

Non Deleted
	TJP2_FFluo: (6Fam)ggcctaggtatgttggagtga
TJP2_RNODEL:ggctttctgtttgggatgat
	314


Table 2:  LCE3C and TJP2 multiplex PCR  primers.
HLA SNPlex
A SNPlex using an in-lab designed  SNP set, including 48 SNPs  of the HLA class II region not included in commercially available sets (specifically, WGAS arrays) was run. According to Snplex specifications, we only included in the assay samples with a concentration of at least 50ng/ul and a volume of 20 ul: 85 MS samples from Hospital del Mar, 132 MS samples from Hospital Clínic and 182 controls from Hospital Vall d’Hebró were finally included.  
Statistical analysis
Statistical analysis for  allele association was performed with a Fisher test ( R console version 2.6.0 (2007-10-03) ). For DRB5 copy number, a mixture of normal distributions was performed with Flex Mix R package. SNPlex results were evaluated with SNPassoc R package, considering codominant, dominant, recessive, overdominant and log-additive models. We applied max-statistics correction [29]] setting the level of significance at a  p<0.02. 
RESULTS
Array CGH

Pooled DNAs from 20 secondary progressive MS patients and 20 relapsing remitting MS cases were hybridized against a pool of 50 control samples, with the aim of identifying CNVs common to MS patients but rare in control DNAs.
With the initial criteria for region selection, only two regions showed differential hybridization: the HLA region at chr6p21.32, and a region at 1q21.3. Given that the requirement of 3 consecutive probes limits the detection range to large CNVs, we decided to relax the criteria to only two positive probes (relaxed criteria) and an additional CNV region at 9q21 appeared (Table 3). 
	 
	Probes
	MS-RR Vs Controls
	MS-RR Vs Controls DS
	MS-RRP Vs Controls 
	MS-RRP Vs Controls DS
	MS-RRP Vs MS-RR
	MS-RRP Vs MS-RR DS

	6p21.32
	A_16_P37570306
	0,4857
	1,1268
	0,3319
	0,8084
	-0,3179
	-0,4917

	 
	A_16_P37570309
	0,2814
	0,5463
	0,1214
	0,2940
	-0,0047
	-0,1649

	 
	A_16_P17499927
	0,4289
	1,3825
	0,4309
	0,7061
	-0,0904
	-0,5677

	 
	A_16_P17499944
	0,5682
	0,9405
	0,4353
	0,9236
	-0,2593
	-0,2259

	 
	A_16_P17499952
	0,3556
	0,2176
	-0,0007
	-0,2339
	-0,3068
	-0,1280

	 
	A_16_P17499976
	0,3393
	0,5440
	0,2201
	0,1962
	0,1034
	-0,0993

	 
	 
	 
	 
	 
	 
	 
	 

	1q21.3
	A_16_P15296679
	-0,4263
	-0,3431
	0,0154
	-0,1094
	0,2948
	0,2320

	 
	A_14_P100633
	-0,2899
	-0,5824
	0,1340
	-0,1736
	0,0749
	0,4089

	 
	A_16_P15296703
	-0,5099
	-0,5908
	0,1679
	-0,0187
	0,3567
	0,4506

	 
	A_16_P00165273
	-0,4092
	-0,3740
	0,0331
	0,0172
	0,4066
	0,2747

	 
	 
	 
	 
	 
	 
	 
	 

	9q21.11
	A_16_P38738180
	0,4769
	0,8451
	-0,1921
	-0,1582
	-0,4182
	-0,7444

	 
	A_16_P38738191
	0,0528
	-0,1490
	-0,0939
	0,0827
	-0,2797
	0,2027


Table 3: Positive regions from aCGH.  Green shadowed cells correspond to log2ratio values fulfilling criteria,  yellow shadowed cells represent borderline values.
 At 6p21, a region of four consecutive probes was positive in both MS vs Controls hybridizations spanning over 133 kb. Probes were located at the HLA-class II region, a region known for its extensive and complex variation. Two of the probes were located inside the DRB5 gene, which is one of the regions most associated with MS susceptibility (Figure 7).
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Figure 7: CNV region at 6p21 showing known segmental duplications, known CNVs, genes and location of Agilent probes. Positive probes are highlighted in yellow. 
At 1q21, four consecutive probes, spanning over 12 kb were positive (direct and dye swap) only in MS-RR vs controls, two of them being also positive in the MS-RR vs MS-RRP hybridization. These positive probes were located in the LCE cluster of genes, where known structural variants have also been described (Figure 8).
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Figure 8: CNV region at 1q21 showing known segmental duplications, known CNVs, genes and location of Agilent probes. Positive probes are highlighted in yellow. 

Finally, two probes at 9q21 were positive in the MS-RR vs controls and MS-RR vs MS-RRP hybridizations, spanning over 6 KB and harbouring a known CNV (Figure 9A). This CNV is located inside a predicted first intron for one variant of the TJP2 gene (Figure 9B). 
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Figure 9: (A)CNV region at 9q21 showing known segmental duplications, known CNVs and location of Agilent probes. Positive probes are highlighted in yellow. (B) Overview of 9q21 region showing alternative splicing  forms for TJP2 . In red region  limited  by positive probes.
Chr6 region
A DRB5 specific RTqPCR experiment was developed to assess the CNV identified at chr6q21 region. DRB5 copy number was assessed for 74 MS samples and 49 controls. Ratio results ranged from 0 to 2.9. In order to evaluate the number of copies, a mixture of normal distributions test was performed (Figure 11),that showed the presence of three clusters of 0, 1 and 2 copies (with one outlier at 2.9). A Fisher test was then performed, showing a statistically significant association between DRB5 and MS (p=0.039; OR 2.56 (1.16-5.61)). 
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Figure11: Mixture of normal distributions, showing three clusters of 0, 1 and 2 copies.
SNPlex
Seventeen out of the 48 SNPs included in the SNPlex assay failed, and samples which  didn’t fulfill all  quality criteria couldn’t be sucessfully genotyped (Table 4). From the remaining 31 SNPs, eight did not fulfill Hardy Weinberg equilibrium and finally three were associated to MS (Table 5).
	SNP
	Controls
	MS

	rs2395182
	169 (92.8%)
	181(83.4%)

	rs315388
	169(92.8%)
	183(84.3%)

	rs9271366
	167(91.7%)
	174(80.1%)


Table 4: Number of control and  MS samples successfully genotyped for the three MS associated SNPs. Rate  of sample genotyping appears in parentheses.

	   SNP
	                    Dominant
	                 Logadditive

	
	OR
	P
	OR
	P

	rs2395182

AG/GG
	2.20

(1.41-3.43)
	0.00044
	2.06

(1.38-3.06)
	0.00024

	rs3135388

CT/TT
	2.60

(1.57-4.29)
	0.00012
	2.48

(1.55-3.96)
	0.00007

	rs9271366

AG/GG
	2.42

(1.48-3.95)
	0.00029
	2.35

(1.50-3.69)
	0.00011


Table 5: SNPs associated to MS with the models with a higher level of significance
Chr1 region

One hundred and seven HDM-MS samples and 382 controls were typed for the LCE3C-B CNV by multiplex PCR (Figure 15). A Fisher test showed a trend to association with MS for the deleted allele (p=0.051, OR 1.37 IC 95%(0.99-1.90)). Genotyping an extended sample set from Andalucía consisting of 686 MS samples and 484 controls did not show any association, although a higher frequency of the deleted allele in MS samples was also found (Table 6).

	Cohort
	Deleted Allele
	Non Deleted allele

	MS-Hospital del Mar
	134 (62.6%)
	80 (37.4%)

	Controls- Vall d’Hebró
	420 (55%)
	344 (45%)

	MS-Andalucía
	830 (60.5%)
	542 (39.5%)

	Controls-Andalucía
	542 (58.2%)
	450 (41.8%)


Table 6: Allele frequencies in both cohorts

Chr9 region

RTqPCR results confirmed the existence of an insertion/deletion polymorphism at the chr9 locus (Figure 12). Copy number state for 68 MS samples and 51 controls was assessed by RTqPCR, with ratios in both patients and controls ranging from 0 to 2.1.  MS samples showed an increased frequency of the non-deleted allele in (31.6% vs 22.5%), which despite not being statistically significant, was enough to prompt further exploration of this region.
[image: image21.png]Overvieu of chré I\
T R L L R




[image: image22.png]chrs: [74250908] aLgagege] [7yesegeg.
e ene Freaictions Based on RerSed, UniFrot, GenBank, and Comparat ive Senomics
e (s A A
T iscosesnmeseeumesson g oa o i eea IV
e

I e e A e a1
Toeal SRR 10011901




Figure12: TJP2 amplification  and standard curves.
TJP2  breakpoints detection. Long Range PCR. Sequencing deleted allele.
Long range PCR allowed amplification of wild type fragment of approximately 8 kb and deleted fragment of about 3 kb (Figure 13). The breakpoints of the deletion were obtained by sequencing of the deleted allele band and blasting to the reference genome (hg 18 March 2006)determining a  deletion of 5233 bp (chr9: 70 927 943-70 933 176).
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Figure 13: Long range PCR on a 1.5% gel agarose . Band of 3 kb: deleted allele 
Multiplex PCR

 Eighty-four MS and 148 controls from the Barcelona cohorts (MS-HDM and Controls-VH) were genotyped for the TJP2 deletion by a multiplex PCR reaction (Figures 14,15), and a statistically significant higher rate of heterozygous samples was detected in the MS group (p=0.0076, OR=2.11 IC 95%(1.22-3.67) under an overdominant model), although allele frequencies for both groups were not statistically different. In order to replicate this result, an extended replicate sample set from Andalucía was genotyped and an inverse association was found as there was a higher rate of heterozygous in the control group (Tables 7,8). As a consequence, the association disappeared when considering both populations as a whole.
	Samples
	0 copies/2copies
	1 copy
	OR
	p value

	MS-HDM
	43  (51.2%)
	41 (48.8%)
	    2.11

(1.22-3.67)
	0.0076

	Controls-VH
	102 (68.9%)
	46 (31.1%)
	
	

	MS-Andalucía
	362 (62.1%)
	221 (37.9%)
	    0.75
(0.59-0.96)
	0.0209

	Controls-Andalucía
	265 (55.9%)
	216 (44.1%)
	
	


Table 7: Overdominant model for TJP2 in Barcelona and Andalucía cohort.
	
	Controls
	MS

	Barcelona  (HDM-VH)

0 copies

1 copy

2 copies
	55.4%

31.1%

13.5%
	46.4%

48.8%

4.8 %

	Andalucía

0 copies

1 copy

2 copies
	49.7%

44.9%

5.4%
	55.8%

37.9%

6.3%


Table 8: TJP2 Genotypes distribution in Barcelona and Andalucía set of samples.
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Figure 14: TJP2 multiplex reaction: homozygous deleted, heterozygous and wild type homozygous samples. Deleted allele 134 bp size; Wild type allele 314 bp size on a 2% agarose gel.
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Figure 15: Gene mapper images  for LCE3C (left) and  TJP2 (right) genotyping. On the top row heterozygous sample, middle homozygous for  the deleted allele and bottom, homozygous for the non deleted allele.
DiscussION

Given the recently identified contribution of structural variation to several complex disorders, we wanted to assess their possible contribution to MS susceptibility. CNV regions  are poorly covered by SNPs platforms [20], and, as a consequence, it is possible that GWAS miss associations to these regions. Since GWAS for multiple sclerosis have not detected any major association, outside the HLA locus, the evaluation  of CNVs  contribution to MS appeared as a good approach to detect new candidate regions. 

Of the three regions that showed differential hybridization on aCGH, one, the region on chr6, corresponded to a region known to be associated to multiple sclerosis. Due to the extensive linkage disequilibrium in the region and since DRB1 allele typing is widely used in clinical practice (bone marrow and solid organs transplants), this association is mostly described as a DRB1*1501 MS  association in the literature [14], but in fact, DRB1*1501 describes an haplotype -DR15- that carries  DRB5, as opposed to most other DRB1 alleles, that mark haplotypes lacking DRB5. As the DRB1 gene is present in all the individuals and aCGH doesn’t detect allele differences, association in this case seems to be located at the DRB5 locus. Whether DRB1*1501 or DRB5 is the causative gene remains unclear, with functional studies showing contradictory results. While studies performed in transgenic mice provide evidence that DRB1*1501 can mediate both induced and spontaneous disease resembling MS by presenting a myelin binding protein self-peptide to T cells 
 ADDIN EN.CITE 
[30]
 and that coexpression of DRB1*1501 and DRB5 reduces  disease severity in comparison to expression of  DRB1*1501 alone [31], expression studies on CNS tissues from MS patients find higher levels of DRB5 than DRB1 mRNA 
 ADDIN EN.CITE 
[16]
.  Thus, further studies need to be done to clarify the actual mechanism through which this association causes MS susceptibility.

In order to confirm aCGH results and elucidate if it was a complex CNV, RT qPCR was performed. The design of a specific assay was especially difficult due to the high similarity between the different DRB genes and the presence of repetitive sequence. Nevertheless, a specific assay was obtained and it showed that the number of copies of DRB5 ranged between 0 and 2, both in MS cases and the general population. Thus, this result appears as an internal control of our experiment. On the other hand, association to the HLA region was also detected in the HLA SNPlex experiment, the higher association corresponding specifically to SNP rs3135388. This SNP has been defined as a proxy for DRB1*1501-DRB5 
 ADDIN EN.CITE 
[32]
. Comparison of the results of the RTqPCR quantification and HLA SNPLex typing confirmed this SNP as tagger for the presence of DRB5.  This SNP is located about 200 bp 3’ of the DRA gene and 120 kb away from DRB5 gene this illustrating the extensive linkage disequilibrium (LD) of the HLA region. The other two SNPs showing association to MS susceptibility were rs2395182, which  is next to rs3135388, and rs9271366, which  is 30 kb away from DRB5 (Figure 17). Also associated was the haplotype constituted by the three SNPs, again showing evidence of the strong LD in this region. [4]. In our MS samples we also found that as there was an overrepresentation of the homozygous risk allele for  rs3135388 compared to controls, which is consistent with  previous works showing  that there is a dose-effect in DRB-MS susceptibility as patients homozygous for the risk haplotype have a further increased MS risk 
 ADDIN EN.CITE 
[33]
 [4].
Seventeen out the 48 SNPs included in the SNPlex assay failed. Several reasons could explain these failures. In some cases it was due to the presence of a secondary SNP, leading to the formation of 4 clusters. In other cases the reason for the failure was unclear. A possibility would be that, since they were designed in potential CNV regions, the presence of CNVs would be the cause of SNP failure. It is also possible that the SNP failed due to bad DNA quality of some of the samples, since good clustering is necessary for correct genotyping. 
[image: image17.png]e U5 50 PredUE o Sopes on rericg nyeper, cerennk oo conegr i Cerensco
Wy i b L

The2
Tadty
P b
HLa-ores T
et

ez HLa-oRes #{ SR Mooz HLA-oo
Hhooran Hua-oret B HLn-001 et 1
T2
Tadty
N o P b
T
et
=t
i lucizotice Falumornisus Cansie buiia 129)

SHPs (129




Figure 17: rs3135388 (red spot), rs2395182 (pink spot) and rs9271366 (purple spot) at  6p21 (UCSC genome browser).
The other region with differential hybridization at 3 consecutive probes, the region in chr1, was located inside a gene cluster harbouring genes of the epidermal differentiation complex, named LCE (for late cornified envelope). These genes are expressed in epithelia, and they encode precursors of the cornified envelope of the stratum corneum. They are  expressed after UV light exposure or external aggression [34]. Research performed by our lab has identified a CNV in this region as a risk factor for psoriasis. It is a 30 kb deletion including LCE3B and LCE3C genes. It is present in 55% of Catalan control population, although the frequency of the deleted allele varies between populations, being less frequent in Africa (Yoruba from Hap Map samples) more frequent in northern Europe (Holland). 
Since a disruption of epithelial barriers could facilitate the entrance of pathogens such as EBV, which have been proposed as environmental triggers of MS, this CNV looked like a good candidate region. In our exploratory cohort there was a higher rate of the deleted allele in MS samples with a tendency to significance, but genotyping of the replication sample set did not reach association.  Nevertheless, even if there wasn’t a statistically significant association, the frequency of the deleted allele was still higher in patients than in controls in the replication population, although the difference was smaller than in our exploration cohort.  Given the size of the difference, it is possible that the lack of significance is due to a lack of power of our sample size, although it is also possible that the observed differences are random. 
Finally, a third region selected after relaxing the criteria for aCGH to detect smaller regions (of only 2 consecutive probes) was located in chr9, overlapping a known CNV region, located in an alternative intron of TJP2. TJP2 stands for tight junction protein 2. It is a gene (100 kb long) that is expressed ubiquitously but at higher levels in the central nervous system, specially in spinal cord (Figure 18).  It encodes a protein that is a component of tight junctions. Tight junctions enable anchorage between cells in epithelia and in the central nervous system endothelia. At the CNS, they constitute    the blood brain barrier,   restricting molecular pass from blood to brain and medulla. TJP2 had already been associated with familial hypercholanemia 
 ADDIN EN.CITE 
[35]
 but it hasn’t been linked to MS pathogenesis. Several studies suggest that blood brain barrier disruption  may play a role in MS pathogenesis [36], 
 ADDIN EN.CITE 
[37]
, with experimental MS mouse models showing alterations  in blood brain barrier  components 
 ADDIN EN.CITE 
[38]
. The exploratory cohort showed an association with an overrepresentation of the heterozygous genotype in MS patients, without seing any difference in allele frequencies between patients and controls. It has been shown that  the heterozygous state may be  advantageous in some cases [39]. In our case, the association was found in the other way. But genotyping of the replication sample showed contradictory results. We found an overrepresentation of non deleted homozygous samples in Barcelona controls, compared to MS samples (from Barcelona and Andalucía cohorts)  and Andalucía controls. VH samples came from cell lines. A de novo event regarding this CNV in cell lines, could be an explanation for that, as somatic events in MZ twins 


[40] ADDIN EN.CITE or in differentiated human tissues[41] have been previously described regarding CNVs. 
 Nevertheless, characterization of the detected CNV, which was supposed to span two consecutive probes, showed that the actual CNV included only one of the two probes. This result should prompt a revisiting of our computational algorithm to avoid false selection of putative CNV regions, since after checking the actual log2ratio values it was observed that only one of the probes was differentially hybridized in both direct and dye swap experiment, but on the other hand, it also shows that one positive probe result in aCGH is a reliable CNV marker (under certain conditions and when the correct cutoff values are used).  
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Figure 18: TJP2 expression (Human GeneAtlas). TJP2 is ubiquitously expressed but at higher levels at spinal cord (light blue bars represent CNS)
A pooling strategy has been used in aCGH in order to detect CNVs related to disease susceptibility and minimize interindividual differences.  This way, data extracted from only six hybridizations served as a screening for CNVs in a set of samples. Although in theory pooling would homogenize both the control and test populations, it is also possible that random overrepresentation of certain, relatively frequent, CNVs, could lead to false positives. It is therefore compulsory to perform individual analysis of the detected CNVs in larger sample sets. This could also be a possible explanation for the lack of association of both TJP2 and LCE3 CNVs to MS.
CONCLUSIONS
· Using an aCGH approach wit a pooling strategy, we have detected three CNVs that presented different frequencies between MS samples and controls.
· We have confirmed the association of DRB1*1501-DRB5 to MS.

· We have also confirmed rs3135388 as a tagger for DRB1*1501-DRB5
· A  possible role for LCE3B-C deletion in MS susceptibility can not be completely discarded, and analysis of a larger sample set would be necessary to reach a definitive conclusion. 
· The third region, located in an intron of TJP2 showed contradictory results in the two sample sets analyzed.

Future works

We intend to genotype additional samples for the LCE3B-C CNV, in order to elucidate if there is an association to MS and to reanalyze the data considering the different MS clinical patterns (not available yet), as it was initially detected in the MS-RR subset of samples. 
Given that our array results showed that one positive probe at aCGH was reliable as a CNV marker, we plan to explore other one-probe positive regions detected in at least two hybridizations.
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*

OR 2 2 copies controls vs MS

Se estima la mixtura de la normales (en este caso hay individuos con 0,1 y 2 copias) y se calcula la tabla de contingencia. Luego, se utilizaun test de Fisher para evaluar si hay asociación o no, y en caso quehaya se cuantifica con una OR. Los resultados son los siguientes:



 Copies

                            0  1   2

  Controls          46 12   1

  MS                  45 30   2



p-value =0.03924



		  0		  1		2

		 MS		  5		30		2

		Controls		46		12		1
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