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Sammanfattning 
Abstract 

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS), characterized 

by lesions formed due to demyelination. MS is a complex disease thought to be triggered by environmental 

factors in genetically predisposed individuals. The strongest associated allele to susceptibility is HLA-

DRB1*1501. Environmental factors include smoking, latitude and previous infection of Epstein-Barr virus 

(EBV), a common herpes virus. There is no cure for MS, but several inhibitor and symptomatic drugs. 

Tysabri® (natalizumab) is the most effective drug, but it may lead to progressive multifocal 

leukoencephalopathy (PML), a rare but often fatal disease caused by reactivation of JC virus.  

The aim of this thesis was to replicate previous findings from a genome-wide association study and to find host 

genetic factors influencing JCV seropositivity and EBNA1 IgG titers in Swedish MS patients and healthy 

controls. Samples from the EIMS and IMSE studies were genotyped by TaqMan® OpenArray™ PCR, an end-

point SNP genotyping analysis. 1143 cases and 556 healthy controls were genotyped. Due to poor call rates, 

genotype data from an Immunochip study was added. A total of 3408 samples (1664 cases and 1744 controls) 

were analyzed. EBNA1 IgG antibodies were previously measured as a detection of EBV infection and 

increased MS risk, and JCV IgG antibodies were measured to find patients potentially at risk for PML.  

One significant result was found, gene 105 (p = 0.01674, OR 0.68, CI 95% 0.49-0.93), with a protective effect 

in MS. More significant results might have been found with better loading of the plate, or with a different 

genotyping method. 
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Abbreviations 

MS  Multiple Sclerosis 

RRMS  relapsing remitting MS 

SPMS  secondary progressive MS 

CNS  central nervous system 

BBB  blood brain barrier 

SNP  single nucleotide polymorphism  

CSF  cerebral spinal fluid 

EBV  Epstein-Barr virus 

EBNA-1  EBV nuclear antigen-1 

IM  infectious mononucleosis 

JCV  JC virus (John Cunningham virus)  

PML  progressive multifocal leukoencephalopathy  

ELISA  enzyme-linked immunosorbent assay 

PCR  polymerase chain reaction  

EIMS  Epidemiology Investigation of Multiple Sclerosis study  

IMSE  Immunomodulation and Multiple Sclerosis Epidemiology study 

GWAS  genome-wide association study  

MHC  major histocompatibility complex  

HLA  human leukocyte antigen  

MBP  myelin-basic protein 

IFN  interferon 

NAb   neutralizing antibody  
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Abstract 

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 

(CNS), characterized by lesions formed due to demyelination. MS is a complex disease 

thought to be triggered by environmental factors in genetically predisposed individuals. The 

strongest associated susceptibility allele is HLA-DRB1*1501. Environmental factors include 

smoking, latitude and previous infection of Epstein-Barr virus (EBV), a common herpes virus. 

There is no cure for MS, but several inhibitor and symptomatic drugs. Tysabri® 

(natalizumab) is the most effective drug, but it may lead to progressive multifocal 

leukoencephalopathy (PML), a rare but often fatal disease caused by reactivation of JC virus.  

The aim of this thesis was to replicate previous findings from a genome-wide association 

study and to find host genetic factors influencing JCV seropositivity and EBNA1 IgG titers in 

Swedish MS patients and healthy controls. Samples from the EIMS and IMSE studies were 

genotyped by TaqMan® OpenArray™ PCR, an end-point SNP genotyping analysis. 1143 

cases and 556 healthy controls were genotyped. Due to poor call rates, genotype data from an 

Immunochip study was added. A total of 3408 samples (1664 cases and 1744 controls) were 

analyzed. EBNA1 IgG antibodies were previously measured as a detection of EBV infection 

and increased MS risk, and JCV IgG antibodies were measured to find patients potentially at 

risk for PML.  

One significant result was found, gene 105 (p = 0.01674, OR 0.68, CI 95% 0.49-0.93), with a 

protective effect in MS. More significant results might have been found with better loading of 

the plate, or with a different genotyping method.  
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Background 

Multiple sclerosis  

Multiple sclerosis (MS), a chronic inflammatory disease, affect the central nervous system 

(CNS) where the immune system attack myelin surrounding nerve fibers in the brain and 

spinal cord
1
. Normally, myelin protects and isolates the nerve fibers as well as speeding up 

nerve impulses, Figure 1. Damaged myelin, as in MS, will cause slower, or fully inhibited, 

signaling
2
. This demyelination forms lesion on the fibers

1
 and is the most characteristic 

feature in MS
3
.  

 

Figure 1 – normal myelin (left) and damaged myelin as in multiple sclerosis (right) 

There are four main clinical forms of MS; relapsing remitting, primary progressive, secondary 

progressive and progressive relapsing MS
4
, Figure 2. The most common form is relapsing 

remitting (RRMS)
5
, present in more than 80 % of patients at disease onset. During relapses, 

symptoms worsen with loss of function and/or development of new symptoms. Full or partial 

recovery can be experienced during remission
4
. After 10-15 years of disease, the disease 

generally changes into secondary progressive MS (SPMS) in approximately half of these 

patients
6
, which, like primary progressive MS (PPMS), is a slow worsening of the symptoms. 

PPMS affect about 10 % of patients. The rate of disease progression is individual. 

Progressive-relapsing MS (PRMS) have steady worsening of symptoms along with relapses, 

and affects about 5 % of the patients
4
. RRMS usually starts as clinically isolated syndrome 

(CIS), a mono- or multi-focal demyelination with partial or full recovery. CIS demonstrates 

the first chance of starting therapy, and without treatment, half or two-thirds of patients 

develop MS within six months. A head start in therapy (1.33 months in one study) might 

change outcome and progression of disease significantly
6
.  
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Figure 2 - the main forms of multiple sclerosis; relapsing remitting, secondary progressive, primary progressive and 

progressive relapsing MS.  

More than 2.5 million people are currently diagnosed with MS
7
, the most common 

neurological condition, other than injury, among young adults
8
. Mean age of onset is 25.9 

years
9
. Almost twice as many women as men are affected, and Caucasians are more affected 

than other ethnic groups. The world-wide prevalence is about 30 in 100 000, but disease is 

more common in Europe and North America
7
, and in Sweden the prevalence is 188.9 in 

100 000
10

. About 13 000 individuals have been diagnosed in Sweden, and about 600 new 

cases are reported annually
11

. A study from 2010 also found that the frequency of MS 

increases as the distance from the equator increases, 1.5 % for men and 1 % for women
10

. MS 

risk also increases with higher degree of relatedness, if one monozygotic twin develops MS, 

the other one have a 30 % increased risk of developing MS too. A sibling to a MS patient has 

about 15-20 % increased risk. The risk is decreased further as relatedness decreases
12

.  

MS is a very complex disease, and its exact mechanism is still uncertain. It is assumed to be 

autoimmune since lymphocytes and macrophages enter CNS, sometimes with antibodies or 

complement
13

. The pathogenesis is different between patients and can even change in a 

patient over time
14

. No one knows exactly why some individuals develop MS. There are many 

different theories but current knowledge suggests that a number of infectious and non-

infectious environmental factors trigger MS in genetically predisposed individuals
15

. These 

triggers are thought to induce autoreactive lymphocytes (T and B cells) that respond to protein 

antigen with structural similarity to myelin. The autoimmune cells cross the blood brain 

barrier, which lead to demyelination, oligodendrocyte loss and axonal damage
16

.  

The most sensitive test in studying and diagnosing MS is magnetic resonance imaging (MRI). 

About 95 % of MS patients show abnormalities in the brain. Type 1 (T1) lesions are generally 
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hypointense and appear as “black holes” on the MRI
17

, and are controlled by T cells and 

macrophages
12

. Type 2 (T2) lesions are hyperintense and appear as bright spots on a T2-

weighted MRI
17

 and are characterized by increased levels of antibodies and complement
12

. 

Active lesions and loss of brain volume can be identified by using gadolinium (Gd) 

injections
18

, and are usually characterized by T cells, microglia and macrophages, and 

generally show proliferation of astrocytes within the inflammatory lesions
19

. Lesions are often 

localized in outer regions of the brain, like the frontal lobe, where they also can grow very 

large. However, the highest concentration of lesions is generally found in the brain stem. This 

region controls respiration, blood pressure and heart rate. Lesions can also occur anywhere in 

the spinal cord, but the highest concentration is usually found in the cervical spine
3
.   

A poor prognosis is strongly associated with incomplete recovery from the first relapse and 

with a short interval between the first and second relapse. More severe disabilities in later 

disease has been associated with a high number of T2 lesions at diagnosis, as well as a rapid 

increase of lesions
6
. Also, patients with more frequent relapses in early disease generally have 

a more severe disease course
18

.  

Statistical concepts 

There are two statistical concepts that are important to know in reading this master thesis; 

odds ratio and p value.  

Odds ratios (ORs) are the odds of being exposed to a variable among patients divided by the 

odds of not being exposed amongst the controls. The variable is for example a genetic variant. 

The formula for OR is: 

   

(
               

                  
)

(
                  

                    
)

 

In this study, we studied SNPs and their allelic frequencies. An OR below 1 indicated a 

decreased risk of developing disease, that is, the SNP was protective. An OR larger than 1 

indicated an increased MS risk, and was said to be a risk factor. Our results might tell us 

which genotypes that might be connected to a previous EBV infection and which patient that 

might have a previous JCV infection. We also hoped to see if there were any differences in 

genotypes among cases and controls.  
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The p value represented the probability that the observed result or a more extreme variant 

would occur by chance if the null hypothesis was true (that there was no change in the 

observed and expected allelic frequencies). The significant level (α) was a cut-off of the p 

values, and was put as 0.05. A significant result would then imply that there was a 5 % risk or 

less of committing a type I error (for example rejecting the null hypothesis when it, in fact, 

was true).   

Aim of thesis 

The aim of this thesis was to replicate previous findings in a genome-wide association study 

(GWAS) and host genetic factors influencing JCV seropositivity and EBNA1 IgG titers in 

Swedish MS patients and healthy controls.  

By replication, we mean that the odds ratios in the old and new data goes in the same 

direction, e.g. that they are both over one, as well as having a p value below 0.05.  

Figure 3 shows a Manhattan plot from a previous GWAS study, where the x axis shows the 

negative logarithm of observed p values and the y axis shows the chromosomes in alternating 

colors. Loci with the strongest association have lowest p values and therefore the largest 

negative log p value. A high peak in the Manhattan plot indicates high association.  

 

Figure 3 - Manhattan plot of the JCV controls. The plot shows the GWAS results. Higher peaks indicate higher 

association. The X axis shows the chromosomes. 

Possible risk factors in multiple sclerosis 

Several studies suggest that environmental factors triggers development of MS in genetically 

predisposed individuals
15

. Environmental factors include non-infections agents like latitude, 

vitamin D levels and smoking, as well as infectious agents. A previous Epstein-Barr virus 

(EBV) infection was first associated with MS in the 1980’s. Association is now proven, but it 

is still unclear whether anti-EBV antibodies are a sign of autoimmune dysfunction or are 
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markers for a specific immune mechanism
20

. Several other infectious agents have also been 

associated with MS, including varicella zoster virus, rubella and human herpes virus-6
15

.  

Genetic factors  

Similar to other common autoimmune diseases, the major histocompatibility complex (MHC) 

class II region on chromosome 6 contains the strongest risk-conferring genes in MS, which 

mainly contain genes important for the immune system
21

. This association was found in the 

1970’s and involved the HLA-DR region
22

.  

MHCs are molecules that present antigens to the surface of T cells. They are divided into 

class I and class II molecules. Class I molecules are expressed on all cells that has a nucleus 

and present antigens to CD8+ T cells. An 8-9 amino acid long peptide is required for stability 

and is placed deep in the binding groove when the heterodimer is assembled in the ER. Class I 

molecules are encoded by HLA-A, B and C. There are a lot of mutations in this region, which 

leads to different binding grooves and thereby different peptides can bind
23

. The MHC class II 

molecules are glycoproteins that present antigen to CD4+ T-helper cells
24

. These molecules 

are also highly polymorphic and have a similar three-dimensional structure as class I 

molecules. Class II is encoded by HLA-DR, DQ and DP. In these regions, we find the 

strongest associations to many autoimmune diseases
23

. Detection of a foreign antigen 

launches an immune attack. Due to the high polymorphism it is difficult to study the role of 

specific genes in MS
25

.  

Human leukocyte antigen, HLA, is the human equivalent to MHC and is placed on 

chromosome 6p21, which is the most strongly associated susceptibility locus in MS. The 

allele with highest association is HLA-DRB1*1501, with linkage to DQB1*0602
25,26

. This 

association has been fine mapped to the extended haplotype HLA-DQA1*0102–DQB1*0602–

DRB1*1501–DRB5*0101
27

. This haplotype increases the risk of MS by 3 times; 

homozygosity for the haplotype increases the risk 6-fold
28

. Even larger effects are shown if 

diplotypicity (both haplotypes in combination) is present, since this increases the risk 30-

fold
22

. In Europe, where MS is common, approximately 12.5 % of the population is carriers of 

HLA-DRB1*1501
29

.  

The primary role of DRB1*1501 is thought to be to launch an autoimmune T cell attack 

against the myelin basic protein (MBP) and its 85-99 peptide. MBP is important for 

myelination of nerves in CNS. The heterodimer DRA*0101-DRB*1501 has a hydrophobic P4 

binding pocket that prefers aromatic residues. When binding to MBP, this pocket is occupied 
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by Phe92, which acts as an anchor to the heterodimer and contribute to the high-affinity 

binding. It is therefore implied that the binding pocket and the high polymorphism of the 

DRB alleles are affecting the binding and presentation of self-antigens as MBP as well as the 

stability of the heterodimer
27

.  

HLA-DRB1*14 and DRB1*07 have been shown to have protective effects in MS and this has 

been proven by a meta-analysis
30

. Another protective allele is HLA-DQB1*0601, mostly 

found in Asian populations. It has been suggested that this allele inhibits the development of 

experimental autoimmune encephalomyelitis, EAE, the animal model of MS. It is also 

associated with high levels of interferon-γ, which has anti-inflammatory effects and can 

suppress disease
25

. The strongest protective allele group in European populations is HLA-

A*02. This association is independent of DRB1*1501
31

.  

There are also some indications of other risk-conferring genes, but these contributions are 

generally quite small, especially when comparing to the HLA complex. One of these is the 

gene interleukin-2-receptor alpha chain (IL2RA), which shows modest effect on MS 

susceptibility. Interleukin-7-receptor (IL7R) has also shown some association
24

. A genome-

wide association study (GWAS) published in Nature in 2011 proved these associations. Both 

of the genes are part of the cytokine pathway in inflammation
32

, but are common variants. 

IL7R is expressed on lymphocytes
24

. IL2RA has also been related to the treatment response of 

daclizumab, a MS drug, and IL7R has been related to treatment response of Natalizumab
32

. 

If all genes involved in MS susceptibility are identified, therapies can be directed towards 

these genes and suppress disease activity. 

Environmental factors 

A large number of environmental agents have been studied for association with MS, including 

pollution, chemicals, metals and humidity. More than twenty different viruses have also been 

investigated, including rubella, Epstein-Barr virus, herpes virus and varicella zoster virus
27

. 

The Epstein-Barr virus has been suggested to be a requirement for the development of MS
33

.  

Smoking or exposure to smoke has been associated with a higher MS risk
27,34

 and affecting 

the clinical outcome of the disease
35

. The longer the exposure, the higher the risk of 

developing MS
34

. It is also associated with some genetic risks, especially the presence of 

HLA-DRB1 and absence of A*02. The increased risk persists for five years after a patient have 

stopped smoking
36

. Why smoking affect susceptibility is still uncertain. One theory is that 
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nicotine causes leakage of the blood brain barrier, as nicotine has shown an increase in 

microvascular flow. Another theory is that nicotine is immunotoxic. The role of nicotine is 

uncertain, especially since one study showed that use of Swedish snuff is associated with 

decreased MS risk
37

.  

The prevalence of MS increases with increasing latitude and with increasing distance from the 

equator in both hemispheres
35

 (Fel! Hittar inte referenskälla.Figure 4).   

 

Figure 4 - the global prevalence of MS per 100 000 individuals showing the association of latitude to MS risk. Picture 

from http://www.msrc.co.uk/index.cfm/fuseaction/show/pageid/2325.  

The reason for the change with latitude is still unknown, but both genetics and environmental 

agents are thought to play a role. UV radiation from the sun is essential for vitamin D 

synthesis, and one theory is that decreasing sun exposure and increasing latitude affects the 

vitamin D levels and that this deficiency in some way triggers MS
35

. Interestingly, differences 

have been shown between ethnic groups living in the same area or at the same latitude. For 

example, Lapps, Maori and North Amerindians are essentially unaffected by MS, while the 

Caucasians in the same area have high prevalence
15

. It is still unknown why.  

Some studies have shown that the month of birth is significant in MS risk, but yet others have 

shown no association
38

. More research has to be conducted before one can prove or dismiss 

this theory.  

Previous Epstein-Barr infection  

Epstein-Barr virus (EBV) is one of the most common herpes viruses, with about 95 % latent 

carriers in the human population
33

. Infection of EBV at an early age is often asymptomatic, 

but infection later in life can lead to infectious mononucleosis (IM), which increase the MS 

risk two-or-three-folded. No evidence has been found as to why IM and MS are rare in 

developing countries with poor hygiene, where EBV infects almost everyone within the first 
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years of life. It has instead been suggested that EBV infection at any age is a risk factor
39

. 

Some studies have also associated IM, MS risk and HLA-DRB1*15. They found that 

individuals with DRB1*15 but without prior IM infection have a 2.4-fold increased MS risk, 

but if the individual had a previous IM infection, the MS risk increase to a 7.0-folded risk
24,40

.  

HLA is believed to affect the IM risk through EBV nuclear antigen-1 (EBNA1) that uses the 

HLA class II receptor while infecting B cells. Allelic variance in the receptor would therefore 

affect EBV binding and infection
20

.   

Many studies have shown that a previous EBV infection is necessary in developing MS
20

, but 

no definite evidence has been shown
40

. The risk of developing MS is extremely low without a 

previous EBV infection, but increases significantly after infection
33

. Some studies have also 

suggested that EBV reactivation plays a role in relapses
41

 or disease activity
42

 in MS. 

EBNA1 is a protein required for viral replication. Titers of IgG antibodies are measured as an 

indicator of previous EBV infection
43

, and high titers increases MS risk by 36 times. 

Increased levels of IgA and IgM have also been found in patients with active MS
33

. It has 

been suggested that these antibody titers shows association between disease activity and 

reactivation of the virus
44

. Increased levels of antibodies can be found in MS patients several 

years before disease onset, especially EBNA1 antibodies
40

. Seronegativity (no antibodies) is 

associated with an extremely low MS risk
20

. Prior to onset, all seronegative individuals 

change serology status
40

. Antibody activity against EBNA1-domains, and particularly against 

segment 385-420 had a 24-folded increase in risk for individuals carrying DRB1*1501
20

. This 

fragment has been more strongly associated to MS than the whole EBNA1 IgG in another 

study. The fragment is independently associated to MS risk, but is much higher in the 

presence of DRB1*15 and the absence of A*02, which corresponded to a 16-folded increased 

risk
45

.  

There is growing evidence for the theory that EBV plays a central role in triggering several 

autoimmune diseases, for example to rheumatoid arthritis, where molecular mimicry between 

EBNA1 and disease-specific antigens has been suggested. Increased antibody reactivity 

against EBNA1 has been found in CSF of MS patients
20

.  

Other viral triggers 

Other infections that have been investigated as an environmental cause in MS are varicella-

zoster virus, human herpesvirus-6, and cytomegalovirus.  
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Varicella zoster virus (VZV) causes chickenpox, which affects about 95 % of the population 

in the developed world. The virus lies latently in the dorsal ganglia. Weak epidemiology data 

and inconsistent finding cannot prove any associations between VZV and MS
21

. 

Human herpes virus-6 (HHV-6) is a common, and its levels are higher in MS patients blood 

during relapses than during remissions
46

, but the role in MS susceptibility is highly debated
15

. 

HHV-6 is more often found in cases than in controls, and is thought to have an 

immunomodulatory effect
46

. 

JC virus (JCV) is not associated with MS, but with the development of progressive multifocal 

leukoencephalopathy, PML, a rare and often fatal disease that can occur due to reactivation of 

JCV in immunosuppressant individuals, for example during natalizumab treatment, see page 

20. JCV has a circular, double-stranded genome that consists of 5130 base pairs, divided into 

two regions, early and late transcription genes. Both units contain a non-coding control region 

(NCCR), with an origin of replication and regulatory binding sites
49

. The early genes contain 

small t- and large T-antigens that are involved in viral replication. The late genes contain viral 

proteins (VP1-3)
50

, that are encoded by alternatively spliced mRNAs, and a small regulatory 

protein, called agnoprotein. T-antigen is essential for viral DNA replication; it initiates the 

replication and transcription of the late genes. The capsid proteins are assemble with the 

replicated viral DNA which are released upon cell lysis
49

. JCV is a common polyoma virus, 

and between 62 and 99 percent of the human population are latent carriers
51

.  

JCV infect cells in the tonsils, most commonly during childhood. The asymptomatic infection 

is most likely stored latently in the kidneys. JCV infects the cell by binding its virion to the 

sialic acid residues on the cell surface
49

. VP1 is involved in this binding. Mutation in the 

binding region might be able to favor PML onset. VP1 is highly polymorphic and there is, 

according to one study, 13 identified possible subsites associated with PML, but none of these 

are yet proven. These were found near or in the binding sites for sialic acid receptors, there 

are some unique mutations found in PML patients, most commonly L55F and S269F, which 

are co-localized in the three-dimensional structure. These were found in about half of the 

patients in one study. Other reported mutations are found in positions 60, 61, 265, 267 and 

271
52

. 

The reason for studying titers of JCV antibodies is to be able to find the patients that are at 

risk of developing PML.  
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Treating multiple sclerosis 

Treatments are primarily effective in the early relapsing phase of MS. A crucial step in 

treatment of the progressive forms of disease is thought to be penetration of the blood brain 

barrier. Inflammatory treatment can be effective in RRMS, but have no effect in PPMS
1
.  

Treatment generally starts with immunomodulatory drugs, like interferon-β or glatiramer 

acetate, and if they fail, more aggressive treatments, like natalizumab, are inserted until 

disease activity is controlled. Natalizumab is a very effective second-line treatment, but has 

more severe side effects than the immunomodulatory drugs. Two first-line treatments must 

have failed before starting natalizumab treatment. This could take up to two years, and 

delaying the start of treatment can cause irreversible disabilities
6
.  

Approved drugs for RRMS treatment include interferon-β (Betaferon®, Rebif®, Avonex®), 

glatiramer acetate (Copaxone®), natalizumab (Tysabri®), cladribine, fingolimod (Gilenya®) 

and mitoxantrone (Novantrone®)
5
, Table 1.  

Table 1 - Available treatments in multiple sclerosis 

Molecule Mechanism Administration Annual relapse 

rate reduction 

Availability 

IFNβ Possible inhibition 

of T cell activation 

Subcutaneous or 

intramuscular 

injection 

(Avonex®) 

33 % First-line 

treatment 

Glatiramer 

acetate 

MBP (myelin basic 

protein) mimic  

Subcutaneous 

injection  

28 % First-line 

treatment 

Natalizumab Binding to α4-

integrin 

Intravenous 

injection  

68 % Second-line 

treatment 

Cladribine Inhibits DNA 

synthesis and 

repair 

Oral 58 % Rejected 

several times 

in Europe 

Fingolimod S1P analogue  Oral  54 %  Phase II trails  

Mitoxantrone Down-regulation 

of CD4+ T cells  

Intravenous 

infusion 

no data Second-line 

treatment  

 

Several drugs are undergoing phase II and III trials, but heterogeneity in response and 

toxicities against the drugs are challenging for treating physicians
5
.  
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Interferons 

Interferons (IFNs) are cytokines formed as a response to inflammation and infection. They are 

single-stranded polypeptides at about 15-25 kDa. There are two main forms: type I (e.g. IFNα, 

IFNβ) and type II (IFNγ)
53

. Interferons are widely used for treating MS and can be distributed 

intramuscular or subcutaneously.  

Interferon-βs bind to a cell surface receptor, activating a signaling cascade resulting in 

downstream production of genes with potential antiviral, anti-multiplicative and 

immunomodulatory effects
54

. One of the targets are inhibition of T cell activation by 

interfering with antigen presentation and thereby down-regulating MHC class II expression
16

. 

These T cells are then not able to attack myelin in the CNS
6
. IFNs have direct effects on genes 

by regulation or indirect effects via transcription factors or altering function of genes
53

. IFNs 

have shown decrease in relapses, reduced brain MRI activity and slowed disability 

progression. However, the treatment effects are partial, and a substantial amount of patients 

are not responding to therapy
27

.  

There are presently three therapies; Betaferon, Avonex and Rebif, see tTable 2. All three 

reduce relapses by about 30 % and formation of new lesions by about 65 %, but they differ in 

administration and dose
53

. Fast insertion of therapy can reduce relapse rate, disease severity 

and progression even further
16,54

. 

Table 2 - The different interferon treatments 

 Betaferon® Rebif® Avonex® 

Type of interferon
6
 IFNβ-1b IFNβ-1a IFNβ-1a 

Administration
53

  Subcutaneous Subcutaneous Intramuscular 

Weekly dose
53

  875 µg 132 µg 30 µg 

Produced in
6
 E.coli CHO CHO 

 

Betaferon is an IFNβ-1b and was the first approved drug for RRMS. It can also be used in 

SPMS. Betaferon is produced in E.coli by recombinant DNA technology
6
. Betaferon differs 

from the wild-type IFNβ in a substitution at position 17 (Cys to Ser) that reduce incorrect 

disulfide bond formation
53

. It lacks a glycosylation, since it is produced in E.coli, leading to 

lower specificity. Both Rebif and Avonex are IFNβ-1a:s and are produced in Chinese hamster 

ovary (CHO) cells, generally used in transfection and expression studies. Since these 
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interferons are produced in mammal cells, they have an added glycosylation and thereby 

higher specificity. The general structure of an IFNβ-1a is shown in Figure 5. Treatment 

reduces relapse rate, disability progression and MRI activity
6
. Rebif is administered 

subcutaneously like Betaferon, but Avonex is intramuscular. Although the interferon 

treatments have similar effects, there are some differences, one of which is dosage. This may 

be due to differences in structure or route of administration. Side effects include flu like 

symptoms and injection site reactions
55

. 

 

Figure 5 - General structure of interferon beta-1a, a common treatment in multiple sclerosis 

Responses vary between patients, some respond well and other poorly. For the patients that 

responds well, the effectiveness of the drug persist for years after stopped treatment
53

. 

Neutralizing antibodies (NAb) might develop in some patients, meaning that these NAbs 

neutralize the activity if the drug
56

. NAbs develop relatively slow, and low titers might 

disappear with treatment, but higher titers are more difficult to get rid of
6
. NAbs generally 

appear after 6-18 months of treatment, and generally persist for many years, even after the 

patient has stopped treatment. NAbs in patients are associated with higher relapse rate, faster 

disease progression and greater MRI activity. As for now, there are no biomarkers that are 

specific for Nab development (however, they can be measured in blood), but alleles HLA-

DRB1*0401 and *0408 have been associated with a risk
53

. Less than 5 % of the patients that 

are treated with Avonex develop NAbs
6
, but 35 % of Betaferon-treated patients and 20-25 % 

of Rebif treated patients does. This is also thought to be due to different administration and 

doses
53

, or perhaps it is because of the production course.   
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Glatiramer acetate  

Glatiramer acetate (GA) is an immunomodulatory drug. It is a synthetic polymer composed 

by random sequences of the synthetic amino acids L-Lysine, Alanine, Tyrosine and Glutamic 

acid
6,57

, with an average length of 40-100 residues
58

.  

GA is a peptide antigen
58

 and was originally synthetized to mimic myelin basic protein 

(MBP) that act as an autoantigen in MS. The immunomodulatory effect is thought to be able 

to alter the differentiation of T cells, which might increase CD4+ cells that might partially 

inhibit CNS inflammation surrounding the T cells. In vitro studies have shown that GA can 

bind to MHC class II molecules
58

. GA also inhibits activation and differentiation of 

monocytes and macrophages into antigen presenting cells (APCs) that secrete anti-

inflammatory cytokines
59

.  

GA was approved for treatment in 1997. Studies have shown reduction of the relapse rate by 

76 %
6
 as well as slowed disability progression

57
. Another study showed that after two years of 

treatment, the relapse rate had decreased by about 30 %
58

. GA has also been shown to reduce 

formation of new lesions. Long-term treatment also protects from axon injury and 

demyelination
55

. The drug is administrated subcutaneously and is one of the most prescribed 

drugs for RRMS
58

. 

Side effects include injection site reactions, chest tightness and flushing
55

. GA has fewer and 

less severe side effects than interferons
6
. NAbs can be found in a large majority of patients, 

but Nabs against GA does not inhibit the effect or safety of the drug
57

. 

Natalizumab  

Natalizumab is a monoclonal antibody (mAb) used as a second-line drug in RRMS. It reduces 

the number of relapses and the development new lesions in MRI
60

. The mAb is humanized, 

which means that about 90 % of the material is human, the other 10 % is murine (a non-

human animal model, often mouse). Very late antigen-4 (VLA-4) is an adhesion molecule 

expressed on circulating leukocytes. It binds VCAM-1 expressed on activated endothelial 

cells and is up-regulated by inflammatory cytokines. The interaction between VLA-4 and 

VCAM-1 may be necessary for activation, migration, etc
62

. Natalizumab bind to the α4-

integrin on the surface of activated T cells, which prevents linkage between endothelial cells 

and the immune cells, which in turn inhibits the migration of immune cells into CNS
61

. The 

gene encoding VCAM1 is related to Natalizumab treatment response
32

. Natalizumab 
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treatment include down-regulation of VCAM1, which inhibits migration of leukocytes into 

CNS
66

.  

Natalizumab has the same framework as IgG4 and is shown in Figure 6.  

   

Figure 6 - The structure of Natalizumab, A) the framework of IgG4; the Fc (complement binding) fragment 

determines the activity, while the Fab (antigen binding) fragments, found on the terminal ends of the arms, 

determine the affinity and binding
61

 (Picture from http://en.wikipedia.org/wiki/Natalizumab), B) the protein 

structure of natalizumab.  

The drug is very effective, and reduces relapses by over 60 %
6,63

. Disability progression is 

decreased by about 40 %, active lesions are reduced by 92 %, the accumulation of new or 

enlarged T2 lesions by 83 % and new T1 lesions are reduced by 76 %
6
. One study showed the 

remarkable result that 64 % of the patients were principally disease-free after one year of 

treatment. 74 % of the patients also had increased quality of life in this study, e.g. less fatigue 

that is an otherwise common problem with MS treatment
64

. Common mild side effects are 

headaches and hypersensitivity reactions towards the infusion. Natalizumab is mostly 

effective in younger patients early in the disease or with very active MS, where inflammation 

is the dominant process
61

. Natalizumab is given as monthly infusions of 300 mg/µl
6
.  

Natalizumab was first approved in 2004, but suspended in 2005 after three patients had 

developed progressive multifocal leukoencephalopathy, PML, a rare and often fatal disease. 

PML is most common in HIV/AIDS patients, where 3-5 % is affected
50

. PML is caused by the 

reactivation of JCV, a common polyomavirus, and antibodies can be found in between 66 % 

and 92 % of the adult population
51

. PML is characterized by JCV infection of 

oligodendrocytes, which causes several sites of demyelination. Clinical symptoms of are 

usually visual disturbances and dementia. PML is said to be an opportunistic disease, meaning 

A B 
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that is takes advantage of a weak or impaired immune system. Other autoimmune diseases 

and cancer chemotherapy can also lead to PML
49

. 

The mechanism of action leads to decreased CNS immunosurveillance, and the risk of 

developing PML increases. The risk is about 1 in 1000 individuals when patients have been 

treated for about 18 months
61

. The longer the treatment, the higher the risk
60

. In May 2012, 

there had been 242 confirmed cases of PML, developed after 8 to 70 doses of Natalizumab. 

The prevalence is very low when compared to the fact that about 99 600 patients have been 

exposed to Natalizumab
65

. NAbs is a problem in this treatment as well, and develops in about 

6 % of the patients
6
.  

There is no effective treatment for PML. However, one article suggests that a plasma 

exchange treatment might remove the Natalizumab from the blood and restore the immune 

system which can then take care of the infection. This is however a dangerous procedure
60

, 

and side effects includes possible new infections and blood clotting. For AIDS patients, the 

HAART (highly active antiretroviral therapy) has managed to decrease the mortality due to 

PML from 90 % to 50 % in the first months of treatment. The development of PML 

treatments is important, and could save a lot of lives. Possible targets includes the agnoprotein 

or T-antigens of JCV
49

.  

Other treatments 

Monoclonal antibodies 

mAbs are usually very potent and effective, but they all have possible reactivation of JCV as 

their most severe side effect
67

.  

Alemtuzumab 

Alemtuzumab (Figure 7) is a humanized IgG1k antibody. It is approved for treatment of 

leukemia, which affects the B cells. The target is CD52, a glycoprotein widely expressed on 

many different cells in the immune system, e.g. B lymphocytes. Studies have shown its large 

efficacy, but there are a lot of risks
61

. 
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Figure 7 – the structure of alemtuzumab, a drug targeting CD52, the yellow protein in the figure indicates an antigen 

(picture from http://en.wikipedia.org/wiki/File:Alemtuzumab_Fab_1CE1.png) 

Alemtuzumab reduces the number of cells that can carry CD52. Studies have shown that this 

inhibition leads to a stabilization of the blood brain barrier. Immune cells cannot enter the 

brain and cause further inflammation, but stabilization may also lead to immunosuppression 

and increases infection rate
61,67

. A single dose gives long-lasting low concentration of 

lymphocytes, especially CD4+ T-helper cells recover slowly and remain at low levels for 

about five years. About 30 % of patients develop autoimmunity towards the treatment within 

months or years. These patients also had higher levels of serum IL-21
24

. 

The drug works best in early stages of the disease, when the course is mainly inflammatory. It 

fails to slow disability progression in SPMS
61

. Alemtuzumab has been studied in MS for 

about twenty years because of its high efficacy but many safety concerns
67

. 

Administration is intravenously. One study compared alemtuzumab with treatment of 

subcutaneously administrated Rebif, and found a significant decrease in disability progression 

when treated with alemtuzumab. This result was supported by MRI data. Side effects includes 

higher infection rate and developing of NAbs
61

. 

Rituximab 

Rituximab is a chimeric IgG1k antibody, meaning that around 66 % of its material is human 

and the rest is murine. The target is CD20 antigen presented on mature B cells. Like 

alemtuzumab, it causes a reduction of B cells
61

, but here by lysis and apoptosis
6
. The effect is 

temporary and lasts for about six months. The drug inhibits autoantibodies produced by B 

memory cells, so most protective antibodies remain unaffected
61

.  

This drug is primarily used in rheumatoid arthritis and B cell lymphomas, but some studies 

have shown promising results in MS treatment as well. The drug is also effective in 
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stabilizing the BBB. It is also most effective in the early stages of MS
61

. Some studies have 

also shown reductions of relapses and new lesions in RRMS
68

. 

No development of PML has been shown in MS patients, but in rheumatoid arthritis patients, 

so it is still a serious concern
61

. 

Structural analogues  

Cladribine  

Cladribine, Figure 8, (2-chlorodeoxyadenosine) is an oral drug for treating MS, currently in 

phase III trials. Cladribine is a synthetic structural analogue to deoxyadenosine. It reduced the 

number of T and B cells in the blood
69

. 

 

Figure 8 - The structure of Cladribine, which in it phosphorylated form results in cell apoptosis. The blue arrow shows 

the phosphorylation site.  

Cladribine is phosphorylated in the body (blue arrow in Figure 8), and thereby become the 

active metabolite 2-chlorodeoxyadenosin-triphosphate, which causes disruption of cell 

metabolism and inhibits DNA synthesis and repair, resulting in apoptosis of the cell. This 

occurs mainly in CD4+ and CD8+ T cells, and leads to a rapid and sustained reduction. The 

drug stays within the body for about ten months after stopped treatment, and unfortunately 

increases the risk for severe infections. The drug has been approved in North America and 

Russia, but was in 2010, not approved for the European market
70

. 

Additional side effects generally include headaches, nasuea
69

, infections and increased tumor 

risk
70

.  

Fingolimod (FTY720), Gilenia® 

Fingolimod, Figure 9, is a structural analogue to sphingosine-1-phosfate (S1P), a signaling 

molecule in the immune system. Once fingolimod is phosphorylated, it becomes an agonist of 

the G-protein coupled S1P receptor-1
70

, which is highly expressed on resting lymphocytes
6
. 

This leads to the entrapment of autoreactive agents in lymph nodes, reducing their entrance 

into the CNS. Some studies have suggested that fingolimod promotes both neuroprotection 
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and reparation
70

, possibly because of its lipophilic structure that can easily enter CNS. 

Fingolimod reduces the number of circulation memory T cells by more than 90 %. The effect 

is reversible, and after 4-6 weeks the T cell count has returned to normal
71

. The reduction 

does not cause immunosuppression since the drug does not affect the activation and 

proliferation of lymphocytes
6
.  

 

Figure 9 – Structure of fingolimod that reduces the entrance of autoreactive agents into CNS (from 

http://redpacientes.wordpress.com/2011/05/page/6/)  

Fingolimod is orally administrated and some studies have shown significant improvement on 

MRIs and disease activity in patients with RRMS
70

. One study has also shown decreased 

relapse rate and disability progression
6
. However, serious side-effects, like some increased 

infection rate, decreased heart rate (bradycardia) and increased risk of skin tumors, have been 

suggested
70

. Other adverse effect are headaches, nausea
6
 and bradycardia

71
. 

Additional therapies   

Mitoxantrone  

Mitoxantrone, Figure 10, is an immunosuppressant drug, mostly effective in patients with 

very active disease, both in RRMS and early SPMS
70

. Mitoxantrone is a type II topoisomerase 

inhibitor that prevents replication and repair of DNA and synthesis of RNA. Mechanism also 

includes down-regulation of CD4+ cells, antigen presentation and B cell function. Due to its 

small size the drug is able to cross the BBB and can then interact with lymphocytes in CNS
72

, 

where most of the inflammation occurs in MS.  

 

Figure 10 – The structure of mitoxantrone, an immunosuppressant drug in RRMS and SPMS (from 

http://en.wikipedia.org/wiki/Mitoxantrone) 

Side effects include nausea, menstrual disruption, urinary tract infections, cancers
72

, and heart 

dysfunction/muscle damage
70

.  
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Dalfampridine 

Dalfampridine, Figure 11, is a symptomatic drug and treats walking disturbances in RRMS 

patients. It is a calcium-channel blocker that helps improve nerve signaling and muscle 

weakness
70

. 

 

Figure 11 – The structure of Dalfampridine, a drug used for treating walking disturbances in RRMS patients 

Data have shown that the drug improves walking speed during a long period of time without 

any serious safety concerns. This drug may be vital to patients with primary or secondary 

progressive MS, were basically no other treatments are available
70

.  

Acyclovir 

Acyclovir, Figure 12a, is an antibiotic drug that inhibits herpes virus DNA polymerase, and 

have shown reduction of relapse rate by 34 % in RRMS patients. Its prodrug is valacyclovir, 

Figure 12b, which has increased bioavailability. It reduces the number of new lesions in some 

patients
68

.  

  

Figure 12 – The structure of (A) acyclovir (from http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---

A/Acyclovir.htm) and its prodrug (B) valacyclovir (http://en.wikipedia.org/wiki/File:Valacyclovir_Structural_Formulae.png)  

Since EBV is a member in the herpes virus family, it is inhibited by this drug. But acyclovir 

has a limited efficacy, possibly because of the fact that the drug only can act on EBV during 

its replication. If a modification could be included, which directed the antiviral drug towards 

EBNA-1 or one of the other EBV proteins instead of the viral DNA polymerase, these 

antiviral drugs could become even more efficient
68

.  

A B 
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Method and material 

Genotyping is the process of determining the genetic composition (genotype) of an individual 

in a population. It is an essential tool in research about genes, alleles and mutations associated 

with disease. SNP genotyping is the determining of mutants of single nucleotide 

polymorphisms (SNPs), a single base pair mutation at a specific locus, usually containing two 

alleles and are generally localized every few hundred bases
29

. SNPs are one of the most 

common genetic variants, and are associated with many diseases, including MS
73

. Other 

common mutation variants include deletions, insertions and duplications. 

SNPs were chosen from a genome-wide association study (GWAS), by associations shown in 

the Manhattan plot in Figure 3. Strongly associated loci had the lowest p values, which 

corresponded to the largest negative log p values and thereby the highest peaks in the 

Manhattan plot. Samples were selected from the EIMS and IMSE studies, described below, as 

well as the SMS study. The controls were selected from the EIMS study. Samples were 

genotyped on a Human660-Quad chip and analyzed by the program Illuminus
74

. We wanted 

to replicate some of the GWAS findings in Swedish patients and controls, and the host genetic 

factors influencing IgG antibody titers of EBV and JCV.  

Datasets 

The Epidemiology Investigation of Multiple Sclerosis (EIMS) study started in April 2005
37

 at 

Karolinska Institutet (KI) in order to determine the significance of various genetic and 

environmental factors as well as living habits in the development of MS. The factors studied 

include smoking, socioeconomic status, reproductive health and injuries. The goal is to find 

these triggers and prevent the disease from developing in addition to improving treatment. 

EIMS is a population-based case-control study
75

, and the subjects are between 16 and 70 

years old
37

. In May 2012, 2023 cases had donated blood and answered questionnaires, as well 

as 2309 controls
75

. The cases were enrolled in the study as soon as possible after onset and 

diagnosis. Two controls were matched for age (± 5 years), gender and residential area for 

every case. So, if not all information about one control was available, the other control could 

be used
37

. Information about lifestyle and exposures is gathered through a questionnaire
75

. 

The response rate is approximately 90% among cases and 70% among controls
37

.  

Another KI-conducted study is the Immunomodulation and Multiple Sclerosis Epidemiology 

(IMSE) study, a nationwide pharmacoepidemiology and genetics study in Natalizumab treated 

MS patients. There are severe side effects in this treatment and determining treatment 
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responses, development of neutralizing antibodies (NAbs) and performing large genetics 

studies can help in determining which patients that is at risk of developing PML. In June 

2010, 1293 samples had been donated
75

. The study started in 2006 as the drug was launched 

in Sweden, and now, more than 95 % of Swedish Natalizumab patients are part of the study
11

. 

The objective is to monitor and analyze the demographic/clinical characteristics together with 

long-term safety and efficacy-data of Natalizumab in MS patient
76

. Patients are registered at 

over 40 locations in Sweden and are evaluated every six months
11

. 

Serological measurements 

Enzyme-linked immunosorbent assay (ELISA) was used to measure titers of IgG antibodies 

against JCV
77

 and EBV
78

. The data collected was usually very specific, although a 

supplemental confirmation step is usually beneficial
77

.  

OpenArray™ PCR 

TaqMan® OpenArray™ PCR (Life Technologies, Carlsbad, California, USA) is an end-point 

SNP genotyping analysis system. Genotyping was performed according to the protocol in 

supplement 1. Allele 1 had a VIC® dye on its 5’ end and allele 2 had a FAM™ dye. The 

relative intensities gave the genotypic call. The raw data were imported to a TaqMan® 

Genotyper Software that created an algorithm and showed the samples in a Scatter plot, see 

Figure 13 . 

 

Figure 13 - an example of a Scatter plot for gene3 in this study. The yellow dots represented a sample with the call “No 

Amplification”, something went wrong during the PCR.  The black ones had the call “Undetermined”, which had intensities 

that did not correspond to any of the clusters. The black Xs were invalid samples, for example some samples that didn’t show 

any intensity in the read. And at last, the light blue squares were NTCs. 

The genotyping plates had format 64, which means that each of the 48 subarrays contain 64 

SNPs. One sample was added into each subarray, giving up to 3072 datapoints per genotyping 

plate. A total of 47 genotyping plates were run. DNA samples were collected from the EIMS 

and IMSE studies. A total of 1763 samples was run in OpenArray, of these 1143 were MS 

cases and 556 were healthy controls.  
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Statistical analysis 

Data from the Genotyping Software were extracted. The allelic and genotypic frequencies 

were tested by a Hardy Weinberg equilibrium (HWE), which is a mathematical model with 

constant frequencies and where no genetic drift, mutation or selection are present in the large 

population. This is an ideal state and is very improbable in nature
79

. Deviations from HWE 

were calculated using a Pearson χ
2
 test, which used observed allelic frequencies from the data 

and expected ones from the HWE. This statistical test tried the null hypothesis that stated that 

the Hardy Weinberg was in equilibrium, in order words, that there was no change in the 

observed genotypic frequencies from the expected frequencies. 

A total of 1763 samples were run in OpenArray (1143 cases and 556 controls). Due to poor 

call rate, Immunochip data was added, giving a total of 5564 samples. Samples with ethnicity 

other than Swedish or Scandinavian, or affection other than case or control were removed 

from the study (n = 519). All cases filled the McDonald criteria for MS. Also, samples with 

genotype success rates lower than 90 % were excluded (n=519). EBNA-1 IgG titer median 

was measured and used as a cut-off for the samples (137.68). Samples with titers over cut-off 

were considered positive for EBNA-1, while those below cut-off were considered negative 

(see tables 3 to 6). For 1664 cases and 1744 controls, all variables of interest were available. 

Cases and controls were analyzed separately, as they had been in the original screen. We 

thereby avoid picking up signals from genes associated to MS.  

Table 3 - Descriptive statistics of samples run in OpenArray according to JCV status, AAS = age at sampling, AAO = 

age at onset of disease, SD is the standard deviation 

OA_JCV MS cases   MS controls   

JCV positive         

  JCV pos. JCV neg. JCV pos. JCV neg. 

Total N  448 309 315 145 

Female, N 309 228 220 111 

Female, % 69.00% 73.80% 69.80% 76.60% 

Mean AAS, years 40 37 40 37 

Mean AAO, +/- SD 33±10.0 30±9.7     

EBNA1-mean 146.5627 145.0099 139.3726 132.0902 

Over mean, EBNA1, N 119 76 156 73 

Over mean, EBNA1, % 37.80% 52.40% 49.50% 50.30% 

All genotypes available, N 134 97 225 121 

All genotypes available, % 29.90% 31.40% 71.40% 83.40% 
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Table 4 - Descriptive statistics from Immunochip data according to JCV status 

IC_JCV MS cases   MS controls   

JCV positive         

  JCV pos. JCV neg. JCV pos. JCV neg. 

Total N  40 18 3 3 

Female, N 30 14 2 2 

Female, % 75.0% 77.8% 66.7% 66.7% 

Mean AAS, years 45±11.2 39±11.6 39 ± 14,01 32 ± 3,62 

Mean AAO +/- SD 33±10.1 28.5±7.6     

EBNA1-mean 148.51 148.96 149.30 65.09 

Over mean, EBNA1, N 5 3 2 2 

Over mean, EBNA1, % 12.5% 16.7% 66.7% 66.7% 

All genotypes available, N 39 18 2 3 

All genotypes available, % 97.5% 100.0% 66.7% 100.0% 

 

Table 5 - Descriptive statistics from OpenArray data, according to EBV status 

OA_EBV MS cases   MS controls   

JCV positive         

  
EBV pos. 

EBV 

neg. 
EBV pos. EBV neg. 

Total N  286 110 230 229 

Female, N 202 81 166 164 

Female, % 70.6% 73.6% 72.2% 71.6% 

Mean AAS, years 39 37 40 38 

Mean AAO, +/- SD 34±10.9 34±9.2     

JCV positive, N 178 60 170 143 

JCV positive, % 62.2% 54.5% 73.9% 62.4% 

All genotypes available, N 75 25 189 186 

All genotypes available, % 26.2% 22.7% 82.2% 81.2% 

 

Table 6 - Descriptive statistics from Immunochip, according to EBV status 

IC_EBV MS cases   MS controls   

JCV positive         

  EBV pos. EBV neg. EBV pos. EBV neg. 

Total N  8 8 3 3 

Female, N 5 6 2 2 

Female, % 62.5% 75.0% 66.7% 66.7% 

Mean AAS, years 47±10.2 36.5±12.9 39±14.0 29±3.7 

Mean AAO, +/- SD 37.5±11.0 34.5±8.5     

JCV positive, N 5 6 3 0 
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JCV positive, % 62.5% 75.0% 100.0% 0.0% 

All genotypes available, N 8 8 2 3 

All genotypes available, % 100.0% 100.0% 66.7% 100.0% 

 

Results and discussion 

The sample call rates for the OpenArray samples were lower than expected, 47.0-62.0 % 

compared to the expected 90-95 %. The technique is very sensitive, and the poor call rates 

might be due to small differences in concentration of the samples, or that some of them might 

have poor quality. If the samples were not homogenized enough before dilution and 

application, it might have given the same result. Nonetheless, the most likely cause of the 

poor call rates were due to the loading of the samples to the genotyping plates by the 

AutoLoader.  Any of the above could however have affected the algorithm, leading to the 

same call rates. Other researchers have suffered the same problem. Even though we loaded 

the samples in the same manner each time, the through-holes in the genotyping plates were 

not evenly filled. This might lead to different intensities, which might affect the algorithm. 

The call rates for the genes in OpenArray are shown in Table 7 below.  

Table 7 – Call rates for the genes run in OpenArray 

Gene Call rate (%) Gene, cont.  Call rate  (%), cont.  

gene1 49.9 gene29 50.7 

gene2 60.5 gene30 50.0 

gene3 59.0 gene31 57.5 

gene4 51.4 gene32 53.8 

gene5 51.5 gene33 58.3 

gene6 49.6 gene34 57.4 

gene7 53.9 gene35 51.6 

gene8 51.6 gene37 51.5 

gene9 51.1 gene38 52.4 

gene10 53.2 gene39 53.3 

gene11 50.7 gene40 51.0 

gene12 55.9 gene41 52.8 

gene13 62.0 gene42 50.8 

gene14 53.1  gene43 57.1 

gene15 51.7 gene44 50.3 

gene16 52.3 gene45 54.4 

gene17 51.1 gene46 51.4 

gene18 59.8 gene47 57.5 

gene19 54.7 gene48 52.5 

gene20 52.1 gene49 52.8 

gene21 50.8 gene50 53.5 

gene22 51.0 gene51 58.2 

gene23 50.6 gene52 61.2 

gene24 49.7 gene53 55.2 

gene25 49.3 gene54 51.2 
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gene26 50.1 genee107 47.0 

gene27 50.2 genee108 48.7 

gene28 51.7   

 

In the tables below, we have selected to show the data where the odds ratios from the old data 

(GWAS) and the new data (OpenArray or Immunochip) go in the same direction. For the 

result to be defined as replicated, the p value also has to be below 0.05 in the new data. The 

ones that go in the opposite direction are removed from the study, as they do not verify 

anything and it isn’t possible to say anything about them.  

In Table 8 we see the JCV positive controls tested against JCV negative controls.  

Table 8 - JCV positive controls tested against JCV negative controls: The old data from GWAS is tagged (old), the new 

values from OpenArray is tagged (OA). F_A and F_U is the minor allele frequency (MAF) for affected and unaffected 

controls, respectively. AFF and UNAFF is the count per allele for affected and unaffected, respectively.   

 

No significant results were found among these controls, when looking at the p values from 

OpenArray. When the OpenArray and Immunochip data did not comport, the more reliable 

Immunochip data was chosen. This was the case for gene55.  

The MS cases were analyzed as cases positive for JCV against cases negative for JCV. 

Among these, no significant results were found, Table 9, and none that even came close. 

Gene63 and gene81 had Immunochip data. 

Table 9 - JCV positive MS cases tested against JCV negative cases  

 

EBNA-1 was studied in the same manner as JCV. Table 10 below shows EBNA-1 positive 

controls tested against EBNA-1 negative controls.  

Gene A1 A2 p (old) OR (old) CI 95% p (OA) OR (OA) CI 95 % F_A F_U AFF UNAFF

gene20 G A 0.0001 2.36 1.52-3.66 0.120 1.44 0.91-2.29 0.174 0.127 81/385 28/192

gene55 A G 0.0003 0.37 0.22-0.63 0.948 0.98 0.56-1.72 0.073 0.071 34/434 16/208

gene56 C A 0.0002 2.69 1.61-4.51 0.215 1.37 0.82-1.25 0.141 0.107 66/402 24/200

gene57 A G 3.38E-06 2.26 1.60-3.19 0.166 1.27 0.90-1.79 0.357 0.304 167/301 68/156

gene58 C A 6.59E-06 2.30 1.60-3.30 0.269 1.23 0.85-1.76 0.295 0.255 138/330 57/167

gene72 G A 0.0001 0.44 0.29-0.67 0.331 0.81 0.53-1.24 0.154 0.183 72/396 41/183

gene73 A G 0.0005 0.49 0.33-0.73 0.269 0.79 0.53-1.20 0.162 0.196 76/392 44/180

Gene A1 A2 p (old) OR (old) CI 95% p (OA) OR (OA) CI 95% F_A F_U AFF UNAFF

gene61 A G 6.99E-05 0.33 0.19-0.57 0.409 0.85 0.58-1.25 0.073 0.084 60/766 52/564

gene63 G A 2.51E-05 0.53 0.40-0.71 0.339 0.91 0.75-1.10 0.380 0.370 314/512 228/388

gene75 G A 0.000235 0.51 0.35-0.73 0.212 0.84 0.93-1.11 0.153 0.178 126/698 109/505

gene76 A G 0.000204 2.08 1.14-3.05 0.256 1.16 0.90-1.50 0.223 0.198 184/642 122/494

gene77 A C 0.000204 2.08 1.41-3.05 0.280 1.15 0.89-1.49 0.222 0.198 183/643 122/494

gene81 A G 0.000304 1.85 1.32-2.57 0.617 1.06 0.84-1.35 0.272 0.261 225/601 160/454
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Table 10 - Results for the controls analyzed by EBNA-1 positive controls against cases negative for EBNA-1 

 

Gene 91 had data from Immunochip. We see that gene 105 is significant (p = 0.01674, OR 

0.68, CI 95% 0.49-0.93). Gene 105 is located on chromosome 22.  

Table 11 shows EBNA-1 positive cases tested against cases negative for EBNA-1. Gene 59 

had IC data. We found no significant results. 

Table 11 – Results for cases (EBNA-1 positive against EBNA-1 negative) 

 

The poor replication of GWAS results in OpenArray was quite a disappointment, and was 

most likely due to the poor call rates from OpenArray. The method is based on measuring 

relative intensities, and if the genotyping plates were loaded differently, the intensities might 

differ, which might affect the algorithm. The changed algorithm could lead to false negative 

call rates, more information in supplement 1. Other members in our lab also had problems 

with low call rates, so the human factor can almost completely be ruled out.  

Another genotyping method might have given higher call rates and possibly better results, for 

example by using a dense chip technique like a genome-wide association study (GWAS), like 

the one previous to this study. The GWAS performs association studies in complex diseases. 

The method is on genome level and can genotype one hundred thousand SNP simultaneously. 

Many new susceptibility loci have been found in this way. GWAS can also study gene-gene 

and gene-environmental interactions, which was not possible before, but it still only detects 

Gene A1 A2 p (old) OR (old) CI 95 % p (OA) OR (OA) CI 95% F_A F_U AFF UNAFF

gene62 G A 6.18E-05 2.924 1.73-4.94 0.8002 1.068 0.64-1.78 0.0971 0.0914 33/307 32/318

gene65 A G 0.00035 0.6024 0.46-0.80 0.8346 1.034 0.76-1.41 0.3676 0.36 125/215 126/224

gene66 G A 0.0003 0.5993 0.45-0.79 0.8346 1.034 0.76-1.41 0.3676 0.36 125/215 126/224

gene67 A G 0.00037 0.6038 0.46-0.80 0.7741 1.047 0.77-1.43 0.3676 0.3571 125/215 125/225

gene87 A G 0.00314 1.593 1.17-2.17 0.8851 1.025 0.73-1.44 0.2706 0.2657 92/248 93/257

gene89 A C 0.0002 0.5539 0.41-0.76 0.7714 0.951 0.68-1.33 0.2588 0.2686 88/252 94/256

gene91 G A 0.00029 0.5036 0.35-0.73 0.9068 0.9801 0.70-1.37 0.1971 0.1839 67/273 64/284

gene95 A G 0.00033 1.686 1.27-1.24 0.7868 1.042 0.77-1.41 0.4588 0.4486 156/184 157/193

gene97 A G 0.00047 0.56 0.40-0.77 0.1579 0.765 0.53-1.11 0.1824 0.2257 62/278 79/271

gene99 A C 0.00034 0.592 0.44-0.79 0.8944 1.021 0.75-1.39 0.3706 0.3657 126/214 128/222

gene102 G A 0.00041 0.574 0.42-0.78 0.5586 0.9012 0.64-1.28 0.2324 0.2514 79/261 88/262

gene105 A G 0.0003 0.5905 0.44-0.79 0.01674 0.6784 0.49-0.93 0.291 0.377 99/241 132/218

Gene A1 A2 p (old) OR (old) CI 95% p (OA) OR (OA) CI 95% F_A F_U AFF UNAFF

gene59 G A 4.4E-04 0.52 0.36-0.75 0.981 0.99 0.65-1.25 0.171 0.167 69/335 24/120

gene60 C A 4.5E-05 0.46 0.30-0.71 0.876 0.96 0.54-1.68 0.127 0.132 51/351 19/125

gene84 G A 1.4E-04 1.92 1.37-2.69 0.141 1.43 0.88-2.32 0.240 0.181 97/307 26/118

gene86 A C 4.4E-04 2.17 1.41-3.33 0.577 1.17 0.68-2.01 0.158 0.139 64/340 20/124
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more common variants, where the minor allele frequency is over five percent
80

. Found 

associations can be viewed in Manhattan plot, as seen in Figure 3.  

Another available genotyping method is TaqMan PCR. It works by the same principle as 

OpenArray, but here, the DNA is immobilized in the wells. The SNP is mixed with mastermix 

and applied in the wells. However, this would have been a much more time-consuming work, 

but it would possibly have given better results.  

A third kind of genotyping method is matrix-assisted laser desorption/ionization time-of-flight 

(MALDI-TOF) mass spectrometry. DNA is amplified during PCR-like conditions. Primers 

are extended by an allele-specific extension 
81

, called MassEXTEND
82

. The products of the 

MALDI-TOF-MS run therefor have different “tags” by which they can be detected. They are 

placed on a 384-element chip and analyzed on aMassARRAY mass spectrometer, which gives 

the genotypes of the samples, which are checked manually
81

. Advantages with the method are 

fast analysis, direct detection and high specificity. The assay begins with DNA isolation and 

amplification, often PCR, annealing of the extension primer to a site immediately adjacent to 

the SNP, incorporation of nucleotides to the polymorphic site. Chain termination is achieved 

by incorporation dideoxynucleotide triphosphates. Genotypes are called based on the 

differences between the masses of the terminators corresponding to the possible alleles
82

. The 

spectrum given is a traditional MS spectrum.  

In conclusion, one significant result was found, gene 105 (p = 0.01674, OR 0.68, CI 95% 

0.49-0.93) among the EBNA-1 positive controls tested against the EBNA-1 negative controls. 

The poor results may be due to problems with the loading of the samples onto the genotyping 

plates with the AutoLoader. Other methods that might have given better results include 

GWAS, TaqMan and MALDI-TOF-MS, but these would have been much more time-

consuming.  
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Future perspectives  

The aim of this study was to replicate previous findings. Since this did not happen, a second 

round of verification should be performed, preferably by another genotyping method since 

OpenArray were not as good as we had hoped. The genotyping methods previously discussed 

might give higher call rates and better results, but would require a larger portion of both time 

and energy.   

Usually, the exact mechanism of action among the treatments in MS is unknown. It is 

therefore important to find the patients that might be at risk of developing serious adverse 

effects like PML or NAbs. In early disease, the dominating process is inflammation, and 

because of this, the genes regulating the immune system are important in treatment response. 

Finding the individuals that will or will not respond to a certain treatment would be extremely 

beneficial. Treatment safety would increase, and patients would almost immediately get the 

treatment they need. It is also very important to find the causes of MS, so that disease might 

not develop at all. Even though we today know a lot, but there is still a long way to go.  
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Supplement 1: OpenArray® PCR 
OpenArray performs end-point SNP analysis across DNA samples, providing qualitative 

detection of alleles by fluorescent reagents in PCR thereby determining the genotype. Allele 1 

and 2 has a VIC® and a FAM™ dye, respectively, attached to its 5’ end, fluorescent probes 

whose relative intensities determines the genotype. 

The amplification was performed in a Dual Flat Block GeneAmp® PCR System 9700 (Life 

Technologies, Carlsbad, California, USA). The imaging of the fluorescence was performed by 

an OpenArray NT Imager (Life Technologies, Carlsbad, California, USA)
83

.  

Needed materials 

All materials were ordered from Life Technologies, Carlsbad, California, USA.  

 384-well sample plate, a plate for preparation of the DNA samples and mastermix 

before the loading the mixture to the genotyping plates. Contained the samples for 

eight genotyping plates.  

 Genotyping plates, Figure 14, the format can vary from 16 to 256 assays. We chose 

format 64, which means that in each of the 48 subarrays, there were 64 SNPs. One 

sample was placed in each subarray. The assays were preloaded and dried on the 

genotyping plate. The insides of the trough-holes were hydrophilic and biocompatible, 

and the chip surface was hydrophobic, which kept the reagents in the through-holes
73

. 

 

Figure 14 – the genotyping plate, containing 64 SNPs in each of the 48 subarrays. Each plate can give up to 3072 

datapoints.  

 DNA samples from the EIMS and IMSE studies. MS cases corresponded to 1143 

individuals and controls to 556 individuals. 
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 Positive and negative controls, the positive control (NA=NA10846*9) had a known 

genotype. The negative was a non-template control (NTC), we used autoclaved, non-

ionic water. 

 TaqMan® OpenArray® Genotyping Master Mix, containing a DNA polymerase, 

deoxyribonucleotides (dNTP) and mix components.  

 Accessories kit with immersion fluid, cases and glue 

 

Plate layout  

Designing a plate layout was necessary for keeping track of the samples. Each genotyping 

plate contained 46 DNA samples (70 % cases, 30 % controls), one NA and one NTC. The 

starting concentration was 50 ng/µl. Too low concentration might give false negative results 

and too high concentration might give false positives. About half the samples needed dilution.  

These samples were diluted in a 96-well plate with 0.5 ml-tubes. The 96-well plates were 

frozen overnight.  

On the day of the run, 2.5 µl mastermix was added by multichannel pipette to the sample 

plate. The plate was spun at 1000 rpm for one minute to delete air bubbles. 2.5 µl of samples 

was added to the plate, and spun at 1000 rpm for one minute. The plate was sealed with a foil 

seal and placed in the fridge (+ 4 °C) for between one and three hours. Right before the run, 

the plate was spun again in the same manner. 

Run and read of the samples  

Cases were filled with immersion fluid to about ¾. The genotyping plate was placed at level 

in the plate holder. The tips were loaded into the tip block. One eight of the sample plate was 

opened, corresponding to the samples of one genotyping plate. The samples were loaded into 

the genotyping plate with the tip holder. Once the genotyping plate was loaded, it was moved 

into the case and sealed with glue. Air bubbles were removed. When all eight genotyping 

plates were in their respective cases and glued, the glue was hardened in UV light for 90 

seconds. The plates were placed in a Dual Flat Block GeneAmp® PCR System 9700. 

Standard OpenArray end-point PCR was performed overnight. The plates were then imaged 

in an OpenArray NT Imager, three at a time. The plates were then placed dark in the fridge. 

Reruns of the plates are possible up to a week after PCR.  
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Analysis  

The result file from the read (*sdp) was imported into the TaqMan® Genotyper Software. 

Marker data was imported from a CD. The software analyzed the calls according to the 

intensity of the data points, by creating an algorithm. The genotypes were labeled as 

homozygous for allele1 (blue), heterozygous (green) and homozygous for allele2 (red), as 

inFigure 13.  

667 samples had call rates below 90 %, n=342 of those were rerun.  

Some samples needed manual calling, mainly in the middle of NoAmp/NTC clusters. All 

those below a level were manually called as undetermined, Figure 15. 

 

Figure 15 – Zoomed-in on “NoAmp”/water cluster for gene3, (A) calling accordingly to the software, and (B) after 

manual calling  

The rerun samples changed the algorithm; and thereby the genotypes. Some samples with 

more than one run now had two different genotypes, Figure 16. In these cases, both genotypes 

were excluded.  

 

Figure 16 - An example of one sample and its rerun that has different calls. Both of these were omitted 

In total; 1046 datapoints was omitted from the study, and 1750 new datapoints with assigned 

genotypes was created. One marker, gene32, even had a completely different plot after these 

datapoint were omitted, as shown in Figure 17. This was due to the changed algorithm. After 
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the rerun samples with changed genotypes were removed, the plot regained its original 

appearance. 

 

Figure 17 – The plot for gene32 changed dramatically when rerun samples were omitted. (A) shows the original plot 

and (B) shows the same plot after reruns had been omitted. 

The results were analyzed marker by marker. These data were exported from the software as a 

text file (*.txt) and statistical calculations were started.  
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