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1.1 Multiple sclerosis and clinically isolated syndrome 
 

1.1.1 Clinical presentation 
Multiple sclerosis (MS) is a chronic neurological disease of the central nervous 

system (CNS), characterized by demyelination of axons and the formation of 

sclerotic plaques. In Europe, the prevalence of MS is 83 per 100,000 individuals 
1. Mainly young adults (20-40) are affected and prevalence is higher among 

females 2. A wide variety of clinical symptoms, such as fatigue, weakness, 

bladder dysfunction, tremor and cognitive impairment have been associated with 

MS 3. The majority of MS patients display a relapsing-remitting (RR) disease 

course, in which relapses are followed by periods of clinical recovery and 

stability. Of these RR-MS patients, 65% will progress to a secondary-progressive 

(SP) phase, characterized by a gradual increase in disease disability without 

periods of remission. In 20% of MS patients, disease has a primary-progressive 

(PP) disease course from onset 3.   

 

In 85% of MS patients, MS is preceded by a clinically isolated syndrome (CIS), 

an episode of neurological disturbance which should last at least for 24 hours 4.  

Symptoms can be monofocal or multifocal, affecting the optic nerve, spinal cord, 

brain stem, cerebellum or cerebral hemispheres 5. In addition, CIS may be 

accompanied by lesions on magnetic resonance imaging (MRI) 6. Although CIS 

can be an early presentation of MS, only 30-70% of CIS patients eventually 

develop MS 7. Risk factors for conversion to MS are female sex 8, disease onset 

at young age 9 or abnormal MRI 10. However, it has been demonstrated that 

20% of CIS patients with abnormal brain MRI do not convert to clinically definite 

(CD) MS within 20 years 10. For this reason, much research is currently 

dedicated to the search for laboratory biomarkers that can predict conversion to 

MS. 

 

1.1.2 Diagnostic criteria for MS  

MS diagnosis is based on clinical presentation, cerebrospinal fluid (CSF) 

laboratory analysis, visual evoked potential findings and MRI. For many years, 

the Poser criteria have been used to diagnose MS 11. To fulfill the Poser criteria 

for CDMS, patients should have experienced 2 separate clinical attacks caused 
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by different lesions, which demonstrates dissemination of lesions in time and 

space. Laboratory findings of the CSF, such as unique oligoclonal bands (OCB) 

not present in serum can also help to establish a diagnosis of MS. These OCB 

represent locally produced immunoglobulin G (IgG) and can be found in up to 

95% of MS patients 12. However, OCB are not specific for MS and are also found 

in other inflammatory neurological diseases. An increased IgG index reflecting 

an elevated production of intrathecal IgG is another hallmark of MS 13.  

 

In 2001, novel guidelines, also known as the McDonald criteria, were proposed 
14. Using the McDonald criteria, a patient can be diagnosed with MS after one 

clinical attack and evidence should be present of 2 or more lesions 

(dissemination in space). In addition, new lesions should be observed on a 

follow-up MRI performed at least 3 months after the first clinical attack 

(dissemination in time). When these criteria are fulfilled, but a second clinical 

attack has not (yet) occurred, a patient will be diagnosed with McDonald MS. 

Moreover, criteria for PP-MS were proposed, which include abnormal CSF 

findings, dissemination in space and clinical progression for at least 1 year 14. 

The McDonald criteria have been adapted in 2005 and 2010 5, 15, to simplify and 

allow a more rapid diagnosis of MS. 

 

1.1.3 Immunopathogenesis 

MS is an autoimmune disorder in which defects are present in the immune 

regulatory system. One of the commonly accepted mechanisms that may initiate 

MS is molecular mimicry of viral antigens or bacterial superantigens to myelin 

proteins, which causes activation of autoreactive T cells 16. Upon activation, the 

autoreactive T cells upregulate the expression of endothelial adhesion molecules 

and cross the blood-brain barrier (BBB) 17. Subsequently, other T cells, 

macrophages, B and plasma cells are recruited to the CNS 18 (Figure 1.1). These 

immune cells produce cytokines and other inflammatory factors (CD4+ T cells), 

directly damage neurons and oligodendrocytes (CD8+ T cells), release 

inflammatory and toxic molecules (macrophages), initiate the complement 

cascade and induce antibody-mediated phagocytosis (B and plasma cells), which 

eventually leads to demyelination and axonal injury 19. 
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Figure 1.1: Immunopathogenesis of MS. T cells, B cells and macrophages cross the 
blood-brain barrier and infiltrate the CNS. In the CNS, T cells become reactivated by 
antigens presented by dendritic and microglial cells, and other T cells, B cells and 
macrophages are attracted. Damage to the CNS is then caused by the secretion of pro-
inflammatory cytokines, other inflammatory mediators and antibodies. 
Reprinted with permission from Hemmer B. et al. Nature Clin Pract Neurol. 2006 
Apr;2(4):201-11 
 

Other mechanisms are implicated in MS pathogenesis as well. Activated 

microglia and astrocytes produce nitric oxide (NO) which reacts with O2
- 

molecules 20. This results in the formation of reactive nitrogen species causing 

damage to proteins. In addition, NO can directly reduce axonal conduction 20. 

Moreover, ischemia may cause metabolic impairment of oligodendrocytes 21 and 

mitochondrial dysfunction may be involved in axonal damage and destruction 22.  

 

The immune system has been shown to play an important role in MS. However, 

recently, an ‘inside-out’ model has been proposed for MS 23. This ‘inside-out’ 

model states that MS is a primary neurodegenerative disorder rather than an 

autoimmune disease (‘outside-in’ model).  According to the ‘inside-out’ model,  

oligodendrocytes and myelin may initially be affected by degeneration. As a 

consequence, autoantigenic components such as myelin basic protein (MBP) and 

myelin lipids are released, which may promote a secondary autoimmune and 

inflammatory response.  However, the severity of this secondary inflammatory 



                                                                          Introduction and aims 

5 
 

response may differ between individuals and explain the presence of the RR 

(strong inflammatory response) and the PP phenotype of MS (weak immune 

response). 

1.1.4 Lesion pathology 

The pathological hallmark of MS is focal demyelination of regions called plaques 

or lesions, which harbor variable degrees of inflammation, demyelination, 

gliosis, and axonal injury 24. Two lesion types can be distinguished in MS. First, 

active lesions are characterized by infiltration of macrophages with myelin 

debris, lymphocytes and astrocytes 24. Secondly, chronic lesions contain few 

(inflammatory) cells, although accumulation of macrophages can be found at the 

lesion edge 24. Interestingly, the myelin sheath can be restored via 

remyelination. Such remyelinated areas are also known as shadow plaques. 

However, the efficiency of remyelination is rather low and further disease 

progression will be inevitable 25. 

 

Lesions are characterized by several (immune) cell types and 4 distinct 

demyelination patterns have been described 26. Pattern I is characterized by T 

cell infiltration, whereas additional antibody deposition is a hallmark of pattern II 

lesions. On the other hand, type III and IV demyelination are characterized by 

oligodendrocyte loss. Furthermore, lesions of individual MS patients were found 

to be characterized by a single pattern of demyelination. However, in another 

study several demyelination patterns were detected within a single MS patient 
27. 

 

Traditionally, lesions in the white matter of brain and spinal cord have been 

associated with MS. In recent years, however, gray matter lesions have also 

become subject of interest. In contrast with white matter lesions, lymphocyte 

infiltration, complement deposition and BBB disruption are absent in gray matter 

lesions 28. Although widespread demyelination of gray matter has been found in 

the chronic phase of MS 24, other studies demonstrated the occurrence of gray 

matter lesions in early stages of MS that may even precede the formation of 

white matter lesions 29.  
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1.1.5 Genetic factors associated with CIS and MS 

It has been recognized for a long time that someone has an increased risk to 

develop MS when relatives are affected with MS 30. In addition, the prevalence 

of MS among monozygotic twins is higher as compared to dizygotic twins 31. 

Therefore, a genetic component is likely to be involved in the development of 

MS.  

The human leukocyte antigen class II (HLA II) locus, which resides within the 

major histocompatibility complex (MHC) region on chromosome 6p21.3 has been 

associated with an increased risk for MS. Several genetic studies demonstrated a 

strong association between MS and the HLA allele HLA-DRB1*1501 as well as 

other HLA alleles 32. Other candidate genes associated with increased MS 

susceptibility are interleukin-7 receptor alpha (IL7RA) 33, interleukin-2 receptor 

alpha (IL2RA) 33, ecotropic viral integration site 5 protein (EVI5) 34, cluster of 

differentiation 58 (CD58) 35, C-type lectin-like domain family 16A (CLEC16A) 36, 

kinesin family member 1B (KIF1B) 37, suppressors of cytokine signaling 1 

(SOCS1) 38 and tyrosine kinase 2 (TYK2) 39. These genes are implicated in T cell 

activation, adhesion, axonal function and cytokine signaling. Recently, several 

research groups collaborated and performed a large scale genome wide 

association study (GWAS). In this study, previously reported genetic risk factors 

could be confirmed and additional novel candidate loci such as vascular cell 

adhesion molecule 1 (VCAM1), cluster of differentiation 86 (CD86) and G 

protein-coupled receptor 65 (GPR65) were identified 40. Interestingly, genetic 

investigation of CD4+ lymphocytes  from 4 discordant MS twin pairs revealed no 

difference in their genome, mRNA transcriptome and epigenome, which points to 

a role of other non-genetic factors in MS 41. 

  

Since CIS can represent an early manifestation of MS it is conceivable that CIS 

and MS patients carry similar genetic risk alleles. In a recent study, Jelcic et al 

analyzed whether killer cell immunoglobulin-like receptors (KIRs) and HLA class 

I were associated with MS susceptibility or severity 42. These KIRs are MHC class 

I specific receptors expressed on natural killer and T cells and are composed of 

both activating and inhibitory counterparts. Seventeen KIR genes have been 

described. However, not all of these KIR genes are found in each individual 43. A 
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significant reduction in the frequency of the inhibitory gene KIR2DL3 was 

observed in both CIS and MS. In another study, an association between 

progression to MS and the presence of HLA haplotypes HLA-DRB1*1501, 

DQA1*0102, DQB1*0602 was detected in CIS patients 44.   

 

1.1.6 Environmental factors associated with CIS and MS 

Apart from a genetic predisposition, several environmental factors are proposed 

to increase the risk of developing MS. An example of an environmental factor 

associated with CIS and MS is infection with the Epstein-Barr virus (EBV), a 

herpes virus capable of infecting human B cells. Nearly all MS patients have 

been shown to be EBV seropositive 45, although EBV infection is also widespread 

in the general population. Moreover, EBV infected B cells have been detected in 

the MS brain of SP-MS patients 46, 47. However, the latter finding remains 

controversial 48, 49, 50.  

 

Other viruses have also been associated with MS. For instance, DNA from the 

varicella zoster virus (VZV) has been detected in CSF and in peripheral 

mononuclear blood cells from MS patients 51, 52, 53. However, this finding could 

not be replicated in another study 54. Furthermore, despite the presence of 

increased antibody levels towards VZV in CSF from MS patients, recombinant 

antibodies prepared from clonally expanded MS CSF plasma cells did not bind to 

VZV 54. Therefore, it is unlikely that VZV is a disease relevant antigen in MS. 

 

In addition, DNA from human herpesvirus-6 (HHV-6) has been detected in brain, 

serum and CSF of MS patients 55, 56, 57. Similar to the presence of VZV DNA in MS 

brain, this finding has been refuted 58, 59. Interestingly, the HHV-6 virus has 

been demonstrated to be able to enter the CNS through the olfactory pathway 
60. Constitutive presence of active HHV-6 infection in glial cells in inflamed CNS 

tissue has been suggested to result in virus-triggered immunopathologies in MS 
61, 62. Furthermore, anti-HHV-6 IgG titers have been shown to correlate with the 

risk for a subsequent relapse in MS patients 63. 

 

Moreover, other viruses such as cytomegalovirus (CMV) 64, chlamydia 

pneumonia 65, herpes simplex virus 66, human endogenous retrovirus-W (HERV-
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W) 67, measles 68 and the rubella virus 68 have also been associated with MS. 

Several mechanisms have been proposed how viruses can trigger autoimmune 

responses in MS, which include the activation of autoreactive immune cells 

through bystander activation, molecular mimicry or epitope spreading 62.   

The prevalence of MS has been shown to increase with increasing geographical 

latitude 69. A decrease in vitamin D, which synthesis partly depends on exposure 

to sunlight, may account for this phenomenon. In MS patients during relapse, 

decreased serum 25-hydroxyvitamin D levels were detected as compared with 

patients in remission 70.  In addition, other factors such as smoking 71 and 

improved hygiene standards 72 have been associated with increased 

susceptibility to develop MS.  

 

1.1.7 Treatment 

Although MS is an incurable disease, various treatment strategies can be applied 

to reduce clinical symptoms or delay disease progression. The choice of therapy 

will be dependent on disease phase and progression. The majority of current 

therapies are suitable to treat RR-MS, whereas limited treatment options are 

available for patients with progressive MS. 

 

1.1.7.1 First-line treatment for MS  

Interferon-β (IFNβ) was the first drug approved by the Food and Drug 

Administration (FDA) for first-line treatment of RR-MS and is administered via 

intramuscular (IFNβ-1a) or subcutaneous (IFNβ-1a and IFNβ-1b) injection. 

Clinical studies demonstrated a reduction in relapses and MRI lesions after 

treatment with IFNβ 73, 74, 75. Treatment causes an increase of anti-inflammatory 

cytokines, whereas the production of pro-inflammatory cytokines is decreased 
76. In addition, IFNβ may cause a reduction in inflammatory cell recruitment 

across the BBB and may be involved in CNS repair 76.  

 

Glatiramer acetate (GA) has also been approved for first-line treatment of MS. 

GA is a random polymer of 4 amino acids, mimicking an epitope of the myelin 

protein MBP. A decrease in the number of relapses and MRI lesions has been 

demonstrated in RR-MS patients after GA treatment 77, 78. GA interacts with MHC 
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molecules on MBP specific antigen-presenting cells, thereby preventing 

presentation of MBP antigens 79. In addition, GA causes a shift from a Th1 to a 

Th2 response and may stimulate neuroprotection 79.  

1.1.7.2 Other treatment strategies for MS 

When MS patients fail to respond on conventional first-line therapy or display an 

aggressive disease course, other treatment strategies can be applied. Such 

alternative treatment may be accompanied by (severe) side effects and/or their 

clinical efficacy is not yet completely proven. 

 

Several second-line therapeutic agents have been approved by the FDA for the 

treatment of MS. Mitoxantrone (MTX) is an immunosuppressive drug developed 

to treat malignancies. MTX is a cytotoxic antineoplastic agent which causes a 

decrease in proliferation of immune cells, production of pro-inflammatory 

cytokines and macrophage-mediated myelin degradation 80. In MS patients, MTX 

has been shown to reduce neurological disability and the frequency of relapses 
80. Side effects associated with MTX treatment are leukemia or cardiomyopathy 
81.  

 

The first approved oral treatment of MS was Fingolimod. Treatment with this 

compound resulted in a reduction in relapse rate and disease progression in 

patients with RR-MS 82, 83. After in vivo phosphorylation, Fingolimod binds the 

sphingosine-1-phosphate (S1P) receptor, which is expressed on lymphocytes. As 

a result, the S1P receptor is internalized and lymphocytes are sequestered in the 

lymph nodes 84. Apart from Fingolimod, oral agents Dimethyl Fumarate 85 and 

Teriflunomide 86 have recently also been approved for the treatment of MS. 

 

Natalizumab is a humanized monoclonal antibody directed towards the 

endothelial adhesion molecule α4-integrin. Natalizumab prevents lymphocytes to 

enter the CNS and has been shown to reduce disability progression and the 

number of relapses in RR-MS 87. However, several Natalizumab treated patients 

developed the severe condition progressive multifocal leukoencephalopathy 

(PML) 88, 89, which has been linked with prior infection and reactivation of the 

widespread JC virus  90.  
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Recently, another monoclonal antibody, Alemtuzumab, directed against CD52 

has been approved by the European Medicines Agency (EMA) for the treatment 

of RR-MS. Its therapeutic mechanism is based on depletion and repopulation of 

B lymphocytes and T lymphocytes 91.  

 

Furthermore, several clinical trials have been performed with other therapeutics 

that have not (yet) been approved by the FDA, due to a lack of evidence for 

clinical efficacy or the occurrence of serious side effects. For instance, 

Rituximab, a monoclonal antibody that depletes CD20+ B cells, has been shown 

to reduce inflammatory brain lesions and clinical relapses in RR-MS92. In 

addition, other monoclonal antibodies, such as Ocrelizumab (CD20) 93, 

Ofatumumab (CD20) 94 and Daclizumab (CD25) 95 have been tested in clinical 

trials.  

 

The cytotoxic agent Cladribine causes depletion of B and T cells 96. Oral 

administration of Cladribine in RR-MS patients resulted in a decrease in relapse 

frequency, disease disability and MRI disease activity 97. Finally, Laquinimod was 

found to suppress the development of new active lesions 98. Several mechanisms 

of action for Laquinimod have been proposed, including a shift from a Th1 to a 

Th2 response and a reduction of leukocyte infiltration into the CNS 98. 

 

1.1.7.3 Clinical trials in CIS 

Several studies have been performed to examine the effect of treatment on 

disease progression in CIS patients. In the CHAMPS (Controlled High-Risk 

Subjects Avonex® MS prevention study) study, CIS patients were treated with 

intramuscular injections of IFNβ-1a 99. After 3 years of follow up, CIS patients 

who received IFNβ-1a treatment had a significantly lower risk to develop CDMS 

as compared with placebo treated CIS patients. Similar findings were reported 

after extension of the study to 5 years 100. However, after 10 years of follow-up 

no effect on disability outcomes was observed when the early IFNβ-1a treated 

CIS patients were compared with a control group in which therapy later was 

initiated 101. 
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Another clinical trial, the ETOMS (Early Treatment of MS) study, investigated the 

effect of weekly subcutaneous injections of IFNβ-1a in CIS patients 102. IFNβ-1a 

treatment led to a reduced risk to convert to CDMS and a decrease in 

progressive loss of brain tissue 103. 

 

In the BENEFIT (Betaseron® in Newly Emerging MS for Initial Treatment) study, 

CIS patients were treated with subcutaneously injections of IFNβ-1b 104. Both 

the development of CDMS and McDonald MS were delayed in the treatment 

group. In addition, a lower number of MRI lesions were detected in treated CIS 

patients. After extension of the BENEFIT study, treated CIS patients had still a 

lower risk to progress to MS, although disability progression was similar when 

IFNβ-1b treatment was delayed up to 2 years 105, 106. 

   

The other approved first-line treatment of MS, GA, has also been tested in CIS. 

In the PreCISe (early glatiramer acetate treatment in delaying conversion to 

clinically definite multiple sclerosis in subjects Presenting with a Clinically 

Isolated Syndrome) study, CIS patients were treated with GA, which led to a 

reduction in the risk to develop CDMS and MRI measures 107.  

 

In conclusion, early treatment has been shown to cause a delay in conversion to 

MS in CIS patients, although the positive effects on disability progression remain 

controversial. To further investigate the effect of treatment in CIS patients, 

additional studies with a extensive period of follow-up are mandatory. 
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1.2 The humoral immune response in CIS and MS 
 

1.2.1 B cells and antibodies 

B cells develop in the bone marrow and are derived from pluripotent 

hematopoetic stem cells 108. These stem cells differentiate into pro-B cells, pre-B 

cells and finally into immature B cells, which then migrate to peripheral 

lymphoid tissue. In the periphery, subsequently, immature B cells develop into 

mature B cells. This development is characterized by rearrangement of 

immunoglobulin light and heavy chain gene segments. After encountering their 

appropriate antigen, mature B cells differentiate into antibody producing plasma 

cells. B cells function as co-stimulatory and antigen-presenting cells and  

produce cytokines 109.  However, B cells are primarily known for antibody 

production.  

 

Several antibody isotypes are produced by plasma cells 108. Early in the antibody 

response, immunoglobulin M (IgM) antibodies with relatively low affinity are 

produced. In subsequent phases of the antibody response, mainly antibodies of 

the IgG isotype are produced. Antibodies are characterized by different effector 

functions 108. First, antibodies are able to bind pathogens, which prevents these 

pathogens to enter a cell. This process is also known as neutralization. Secondly, 

bound antibodies can be recognized by macrophages which then phagocytose 

the antigen–antibody complex (opsonization). Thirdly, the complement system 

can be activated, which leads to direct destruction of the bound target or acts as 

a recognition signal for phagocytic cells. Finally, antibody-dependent cellular 

cytotoxicity causes destruction of antibody-bound cells by natural killer cells.  

 

1.2.2 B cells in CIS and MS 

Although T cells have been primary implicated in MS pathogenesis, B cells are 

likely to be involved in MS pathogenesis as well. This is supported by the 

positive results achieved with the B cell depleting therapy Rituximab 92. As 

shown in Figure 1.2 ii, B cells act as antigen-presenting cells to activate 

autoreactive T cells. In addition, B cells have regulatory functions, which is 

reflected by the production of the anti-inflammatory cytokine interleukin-10 (IL-

10) (Figure 1.2 iv). Interestingly, B cells from MS patients have been shown to 
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produce less IL-10 110. Furthermore, B cells may activate T cells through non-

antigen specific bystander activation 111 (Figure 1.2 v). In brain from SP-MS 

patients, ectopic B cell germinal centers have been detected 112 (Figure 1.2 iii). 

In the CSF of CIS and MS patients, memory B cells become activated and 

differentiate into antibody secreting plasma cells and/or plasma blasts 113. 

Antibodies produced by these cells are part of the OCB, which are found in CSF 

from the majority of CIS and MS patients (Figure 1.2 i) 114. However, the targets 

of these (auto)antibodies remain largely elusive. 

Figure 1.2: Proposed role of B cells in MS. B cells develop in the bone marrow and 
undergo affinity maturation in germinal centers (GC). Subsequently, B cells differentiate 
into memory B cells or antibody producing plasma cells. Memory B cells act as antigen-
presenting cells, which activate potentially CNS-reactive T cells (ii). After these cells have 
crossed the blood-brain barrier, perivascular infiltrates and meningeal lymphoid “follicle-
like” structures are formed (iii). Plasma cells produce antibodies represented by oligoclonal 
bands in the cerebrospinal fluid (i). In addition, B cells have regulatory functions (iv) and 
activate T cells by non-antigen specific bystander B cell activation (v). 
Reprinted with permission from von Büdingen HC. Curr Opin Immunol. 2011 
Dec;23(6):713-720 
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1.2.3 Antibodies and their targets in CIS and MS 

To identify (auto)antibody targets in CIS and MS, the CSF and serum antibody 

repertoire has been studied extensively. Antibody reactivity towards a variety of 

myelin components, axonal proteins, lipids, heat shock proteins, viruses and 

ubiquitously expressed proteins has been detected in a subset of CIS and MS 

patients (Table 1.1). In general, antibody reactivity towards a particular antigen 

is only detected in a (minor) subset of CIS and MS patients. The sensitivity can 

be increased when reactivity to several antibody targets is determined. In our 

group, a panel of MS antibody targets has been identified with a 86% specificity 

and 45% sensitivity for MS 115. The potassium channel KIR4.1, a recently 

identified candidate autoantigen for CIS and MS, may represent an exception 

since serum antibody reactivity towards KIR4.1 could be detected in 46,9% of 

CIS and MS patients. On the other hand, serum anti-KIR4.1 antibody reactivity 

was detected in only 0,9% of neurological controls and was completely absent in 

healthy controls 116.  

 

It should be noted that the specificity and sensitivity of several antibody targets, 

including the extensively studied antigen myelin oligodendrocyte glycoprotein 

(MOG) 117, remains under debate. In addition, antibody reactivity towards CIS 

and MS antibody targets, for example neurofascin 118, neurofilament light 119  

and neurofilament heavy 120 and  tau 120, has also been detected in patients with 

other diseases. Moreover, follow-up studies are currently missing for the 

majority of the reported antibody targets, including the promising candidate 

autoantigen KIR4.1. 

 

As shown in Table 1.1, similar antibody targets are found in CIS and MS. The 

absence of antibody reactivity towards several MS antigens in CIS patients is 

mainly due to the absence of studies that addressed such issue rather than 

experimental evidence. Furthermore, in most studies no information concerning 

MS development in CIS patients was given. Therefore, it is unknown whether 

antibody reactivity towards a particular target is found in CIS patients 

irrespective of conversion to MS or is restricted to CIS patients that progressed 

to MS. 
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Table 1.1:  Antibody targets in CIS and MS 

   
Antigen source 
 

CIS MS 

Myelin components   
Myelin oligodendrocyte glycoprotein (MOG) 121, 122, 123  122, 123, 124, 

125, 126, 127  
Myelin basic protein (MBP) 121, 128, 129, 130, 

131  

132, 133, 134 

Myelin-associated glycoprotein (MAG) - 135, 136 
Proteolipid protein (PLP) - 137 
   
Axonal, neuronal and oligodendrocyte proteins   
Neurofascin 138 138 
Contactin-2 139 139, 140 
Oligodendrocyte specific protein - 141 
Tau 142 142   
Neurofilament-light (NF-L) 143 144, 145, 146 
Neurofilament-medium (NF-M) - 147 
Neurofilament-heavy (NF-H) 148, 149  148  
Tubulin - 150  
Amyloid-beta 1 148  148 
2′,3′-Cyclic-nucleotide 3′-Phosphodiesterase 1 (CNPase 1) - 151 
   
Lipids   
Gangliosides - 152 
Sphingomyelin - 153   
Cerebroside - 153  
Sulphatide - 153, 154  
Galactocerebroside 155 155 
CSF114(Glc) - 156 
   
Viruses   
Epstein-barr virus (EBV) 157, 158, 159 159, 160 
Measles  68, 161  161, 162  
Rubella  68  162  
Varicella zoster virus (VZV) 68  162  
Human herpes virus 6 (HHV6) - 63, 163 
Cytomegalovirus (CMV) - 164, 165  
Herpes simplex virus - 66  
Chlamydia pneumonia - 166  
   
Stress proteins   
αB-crystallin  - 167 
Heat shock protein 90beta (HSP90beta) - 168 
Heat shock protein 60 (HSP60) - 169 
Heat shock protein 70 (HSP70) - 170, 171  
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Table 1.1: continued 
 

Antigen Source 
 

 
CIS 

 
MS 

Other   
Sperm associated antigen 16 (SPAG16) - 115  
DNA - 172      
Potassium channel KIR 4.1  116 116 
Phosphoglycerate mutase 1 (PGAM) - 173 
Transaldolase - 174, 175 
Triosephosphate isomerase (TPI) 176 176 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 176 176 
Glc(α1,4)Glc(α) (GAGA4) 177  178, 179 
Transketolase - 151 
Heterogeneous nuclear ribonucleoprotein A1 (Hnrp A1) - 180 
Heterogeneous nuclear ribonucleoprotein A2/B1 (Hnrp 
A2/B1)   

- 180 

Heterogeneous nuclear ribonucleoprotein B1 (HnrpB1) - 181 
Proteasome 182 182 
Nogo-A - 183  
Switch-associated protein 70 (SWAP70) - 184 
Alu-repeats - 185  
Alpha actinin 1 
S-nitrosylated proteins 

- 
- 

186 
187  

Progenitor cell-specific surface glycoprotein (AN2) - 188  
“-“ indicates the absence of knowledge for antibody reactivity towards a given target in 
CIS patients 
 

1.2.4 Functional role of antibodies in CIS and MS 

As described in the previous section, antibody reactivity towards a wide variety 

of targets has been reported in CIS and MS. It is also of interest to investigate 

whether these antibodies have a functional role in CIS and MS pathogenesis. 

  

Several groups investigated the pathogenicity of antibodies by injecting them 

into animals with experimental autoimmune encephalomyelitis (EAE), the animal 

model of MS. Disease exacerbating effects in EAE have been described for 

antibodies towards MOG 189, neurofilament-light (NF-L) 190, neurofascin (NF) 138, 

sperm associated antigen 16 (SPAG16) 191 and sulfatide 153. In addition, IgG 

antibodies with unknown specificity from a subset of MS patients have been 

shown to cause complement-dependent antibody mediated demyelination and 

axonal loss using an in vitro myelinating culture system 192. On the other hand, 

antibodies may have protective properties as well. IgM antibodies binding to the 

surface of neural cells promoted polarized axon outgrowth and improved 
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functional recovery in a mouse model of MS 193. Alternatively, the presence of 

antibodies may represent an epiphenomenon caused by dysregulation of the 

immune system in CIS and MS patients. However, based on the described 

results, at least a subset of the antibodies in CIS and MS patients are likely to 

fulfill a functional role. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 1  

18 
 

1.3 Biomarkers 
 

A biomarker is a characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes or 

pharmacological responses to a therapeutic intervention 194. Such biomarkers 

may be used for MS diagnosis, subtyping and prognosis, give information about 

disease pathogenesis or can be used for future drug development.  

 
1.3.1 Biomarkers for MS 

Body fluids, such as blood, CSF and urine, and (brain) tissue of MS patients have 

been investigated to identify biomarkers for MS. To this end, high-throughput 

“omic” techniques can be used. For instance, proteomics allows the study of the 

proteome of a body fluid or tissue in an unbiased fashion. In this way, MS 

patients could be differentiated from neurological controls based on their 

proteome profile present in CSF, serum and brain tissue 195, 196, 197, 198, 199. 

Furthermore, MS subtypes as well as treated and untreated MS patients could be 

distinguished from each other 200, 201, 202, 203. Transcriptomics revealed 

differences in gene expression levels in peripheral blood cells of MS patients and 

controls 204, 205, 206, 207 and in MS subtypes 208, identified differentially expressed 

genes in MS lesion types 209, discriminated between treated and untreated MS 

patients 210 and led to the identification of biomarkers that predict the efficacy of 

IFNβ treatment in MS patients 211. In addition, several genes that are associated 

with an increased risk for MS have been identified by the application of genomics 

(section 1.1.5).  

 
1.3.2 Prognostic biomarkers and risk markers to predict conversion to 

MS in CIS patients 

Eventually, 30 – 70% of the CIS patients develop MS 7. However, it is difficult to 

predict which subset of CIS patients will convert to MS. Therefore, many studies 

have been focused on the identification of biomarkers that could predict whether 

a CIS patient is likely to develop MS. 
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For instance, antibody reactivity may be used as a prognostic biomarker. The 

presence of CSF OCB, increased IgM and IgG antibody levels towards myelin 

proteins MOG and MBP as well as other antibody specificities have been 

suggested as biomarkers to predict conversion to MS in CIS patients (Table 1.2). 

However, the prognostic potential of antibody reactivity towards these myelin 

proteins remains controversial 128, 129, 130, 131, 212, 213. In addition, other candidate 

biomarkers for disease progression in CIS patients have been proposed (Table 

1.2). For example, increased levels of chitinase 3-like 1, C-X-C motif chemokine 

13 (CXCL13), glial fibrillary acidic protein (GFAP), decreased levels of fetuin-a 

and certain MRI parameters may predict conversion to MS in CIS patients. 

  

However, in the majority of these studies only a limited number of patients were 

included, different diagnostic criteria (CDMS versus McDonald MS) were used 

and for a subset of the identified markers findings could not be confirmed in 

subsequent studies. Therefore, an ongoing need exists to identify novel markers 

which are able to identify CIS patients that are at high risk to develop MS. 
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Table 1.2: Candidate biomarkers and risk markers for conversion to MS in CIS 
patients 

   
Biomarker/risk marker type 
 

Source Reference 

Antibodies and B cells   
↑ IgM Glc(α1,4)Glc(α) (GAGA4) serum 177, 214 
↑ IgM/IgG myelin oligodendrocyte 
glycoprotein (MOG) 

serum 121, 128, 129, 130, 131, 212, 215 

↑ IgM/IgG myelin basic protein (MBP) serum 121, 128, 129, 130, 131, 212 
↑ IgM lipid specific oligoclonal bands (OCB) CSF 216, 217 
Total IgG repertoire serum 218 
↑ Free kappa chains CSF 219 
↑ Epstein-Barr virus-encoded antigen 1 serum 158  
↑ MRZ response (antibody reactivity towards 
measles, rubella and varicella zoster virus)  

CSF 68 

↑ OCB  CSF 220, 221, 222, 223 
↑ CD5+ B cells blood 224 
   
Protein/elements   
↓ Fe  serum 225 
↑ C-X-C motif chemokine 13 (CXCL13) CSF 226, 227 
↑ Chitinase 3-like 1 CSF 228 
↓ Fetuin-A CSF 229 
↑ 14-3-3 CSF 230, 231 
↑ Tau CSF 232 
↑ Glial fibrillary acidic protein (GFAP) CSF 232 
↑ Myelin oligodendrocyte glycoprotein (MOG) CSF 232 
↓ Transducer of ERBB-2,1 (TOB1)  T cells 233 
↑ phosphorylated signal transducer and 
activator of transcription 3 (STAT3) 

T cells 234 

 
MRI 

 
 

 
 

↓ N-acetyl-aspartate (tNAA)  brain 235 
↑ grey matter atrophy brain 236 
↑ gadolinium enhancing lesions brain 237 
↑ T2 lesions brain  237 
   
 
Genetic factors 

  

Human leukocyte antigen (HLA) alleles  44 
VH4 and VH2 repertoire bias  238 
   
Other   
↑ Smoking 
 

 239 

Arrows  indicate whether decreased or increased levels of a marker enhance the risk for 
progression to MS in CIS patients 
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1.4 Strategies to investigate the antibody response in CIS 
and MS 
  
1.4.1 Approaches for known antibody targets 

In the majority of studies, the antibody response towards known (auto)antigens 

has been analyzed by Western blot analysis or enzyme-linked immunosorbent 

assay (ELISA). However, depending on the experimental conditions and antigen 

preparations, the conformation of antigens can be disturbed using these assays. 

To analyze the antibody response towards proteins expressed in their native 

conformation, cell based assays can be used. A cell based assay may be in 

particular suited to detect antibody reactivity towards transmembrane proteins, 

such as MOG 240. The above described assays are mainly used for the analysis of 

the antibody response towards 1 antigen, whereas antigen arrays are used to 

simultaneously measure antibody reactivity towards multiple antigens. For 

example, Quintana et al. analyzed the antibody response in MS by means of 

antigen microarrays spotted with CNS proteins, lipids and heat-shock proteins 
241, 242. Using such arrays, unique antibody reactivity patterns were discerned in 

serum from MS subtypes as well as different antibody repertoires in paired CSF 

and serum from RR-MS patients. In addition, arrays probed with lipids and 

clones derived from expression libraries have been used to study the antibody 

repertoire of MS patients 153, 154, 160, 243. 

 

1.4.2 Tools to identify novel antibody targets 

The major drawback of the above described methods is that they are generally 

limited to known antibody targets. Other strategies can be applied for the 

identification of novel antibody targets. For instance, the antibody repertoire of 

MS patients can be studied using 1-D immunoblot procedures 167, 176, 186. To this 

end, myelin or brain lysates are separated by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE). Next, proteins are blotted onto 

membranes (e.g.nitrocellulose or polyvinylidene difluoride (PVDF)), which are 

then incubated with antibodies of MS patients 167, 176. In this way, proteins 

reacting with MS antibodies can be visualized. Apart from the total MS antibody 

repertoire, such immunoblot procedures can also be used for the identification of 

novel in vivo antibody targets. For example, antibodies towards the synthetic 
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glycopeptide CSF114(Glc) were found in 30% of RR-MS patients 156, 244. 

However, the in vivo target of CSF114(Glc) was unknown. Therefore, antibodies 

towards CSF114(Glc) were purified from positive serum samples and used for 

immunoblotting on a rat brain homogenate, which led to the identification of 

alpha actinin-1 as the in vivo target for anti-CSF114(Glc) antibodies 186. 

  

However, it must be kept in mind that proteins are denatured during SDS-PAGE 

and that these denatured epitopes may differ from the corresponding in vivo 

epitopes. Another disadvantage of immunoblot approaches is the absence of 

direct antigen identification, since proteins cannot be isolated from the blot 

membranes. Antibody targets can only be identified after performing a protein 

staining in parallel followed by excision of the corresponding band or spot and 

subsequent mass spectrometry analysis. This might be a rather difficult 

procedure, since a single band/spot can contain multiple proteins or it may be 

difficult to identify the correct corresponding bands/spots. This can be partially 

avoided by 2-D gel electrophoresis, in which proteins are additionally separated 

on their isoelectric point 138, 139. Therefore, alternative approaches which allow 

direct antigen identification may represent a more suitable strategy. Examples of 

such alternative techniques are immunoprecipitation and phage display 

screening technologies. 
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1.5 Phage display 
 

1.5.1 Basic concepts of phage display 

The phage display technology can be used to identify target molecules for 

ligands and was developed by Smith in 1985 245. Phage display is based on the 

expression of peptides or proteins on the surface of bacteriophage particles, 

which are viruses capable of infecting bacterial cells 246. An example of a phage 

strain that has been used extensively in phage display is the M13 filamentous 

phage. During infection with M13 filamentous phage and production of novel 

phage particles, lysis of the infected bacterial cell is prevented. Therefore, the 

M13 filamentous phage is a so called lysogenic phage. Display of foreign DNA 

products on the surface of the filamentous phage is enabled by fusion of foreign 

DNA to filamentous phage coat genes pIII, pVI or pVIII. Expression of the fusion 

product and its subsequent incorporation into mature phage coat results in the 

ligand being presented on the phage surface, while its genetic material resides 

in the phage particle, creating a physical link between genotype and phenotype 

(Figure 1.3) 247. 

 

Figure 1.3: Principle of phage display. Foreign DNA is genetically fused to a phage 
coat gene. As a result, the foreign DNA product is expressed as a fusion protein with the 
phage coat protein on the surface of the phage. In this way, a link between genotype 
(foreign DNA insert) and phenotype (expressed cDNA product) is created. 

Different vector systems are employed in filamentous phage display 248. Phage 

vectors enable multivalent expression, which means that all coat proteins 

display the incorporated DNA product. On the other hand, phagemid vectors 

give rise to a monovalent expression system in which each phage particle 

displays only 1 copy of the foreign DNA product. This phagemid vector contains 
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the gene encoding the coat protein to which the foreign DNA will be fused as 

well as a plasmid and phage origin of replication. In order to produce phage 

particles with a phagemid vector, co-infection with a so called helper phage is 

required. This helper phage contains all wild-type phage genes, but lacks a 

packaging signal, which prevents replication of the helper phage 248. 

 

The advantage of phage display is that multiple DNA fragments (libraries), 

instead of 1 DNA product, can be expressed in a population of phage particles. 

Several types of libraries have been used for phage display. Random peptide 

libraries are composed of 4 - 36 randomly ordered synthetic amino acids 246. A 

drawback of these libraries is that they lead to the identification of mimotopes, 

peptides that do not necessarily have the same or even a similar amino acid 

sequence as the natural binding partners, but mimic their binding properties 249 . 

This may be avoided by the use of cDNA libraries, derived from cDNA repertoires 

expressed in (diseased) tissue 247. In addition, antibody libraries have been 

successfully constructed, which allow the selection of high-affinity antibodies for 

a given target 250. Therefore, a large variety of molecules can be expressed 

through phage display. However, a disadvantage of the phage display 

technology is that displayed proteins lack post-translational modifications, 

because proteins are generated via the bacterial protein machinery. 

Furthermore, some DNA products may contain mutations that inhibit viral 

replication 251. On the other hand, DNA products may be highly advantageous in 

growth rate or viral stability, which may lead to overrepresentation 251.    

 

Apart from M13 filamentous phage, also other phage strains such as lambda 

phage, T4 and T7 phage have been used for phage display.  

      

1.5.2 Phage display approaches in MS 

Several groups applied the phage display technology to identify (novel) antigens 

recognized by antibodies of MS patients. Cortese and colleagues used a 9-mer 

(9 randomly ordered amino acids) peptide library fused to protein pVIII to study 

the antibody repertoire in CSF of MS patients 252. In this way, several peptides 

were identified that were recognized by antibodies in the CSF of MS patients. A 

similar frequency of antibody reactivity towards these peptides was found in 
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serum from MS patients and healthy controls. In a subsequent study, the 

surface glycoprotein gB of the herpes simplex virus 1 and a brain-specific 

protein were found to cross-react with antibodies directed to a peptide identified 

in the former study 249.  

In another study, a 28-mer peptide library fused to pVIII was used for affinity 

selections on CSF from 1 MS patient, which revealed that antibody reactivity 

towards identified peptides remained stable in CSF samples taken at different 

time points 253. However, antibody reactivity towards the identified targets was 

absent in CSF samples from 55 other MS patients. To increase the possibility of 

finding disease-specific antibodies, affinity selections were performed on pooled 

CSF from 20 MS patients and in parallel on CSF samples from patients with 

other neurological disorders. A positive antibody response towards peptides 

identified in selections on MS CSF was rarely observed in CSF from neurological 

controls, but antibody reactivity was also only detected in CSF samples from 1-2 

MS patients 253. 

More successful results were obtained by Jolivet-Reynaud et al., who screened a 

15-mer peptide library fused to protein pVIII with CSF from 4 MS patients. 

Antibody reactivity towards 4 identified peptides was detected in 21 out of 60 

CSF samples of MS patients and 2 out of 27 CSF samples of patients with other 

neurological diseases 254. Moreover, identified peptides displayed homology to 

multiple-sclerosis associated retrovirus and HERV-W. Homology to viral proteins 

was also found in other studies in which 6- and 12-mer peptide libraries were 

used for affinity selection on CSF from MS patients 255, 256. 

In 2005, Yu et al generated recombinant antibodies from over-represented IgG 

sequences expressed from single plasma cells from MS CSF 257. To identify the 

corresponding antigens of these recombinant antibodies, a 12-mer peptide 

phage library was screened. In this way, several antibody-binding peptides were 

selected and antibody reactivity towards these peptides could be confirmed by 

the native IgG of the MS CSF. 

In addition, cDNA libraries have been used to study the antibody repertoire of 

MS patients. Owens et al. prepared cDNA lambda expression libraries from 

chronic MS plaques and screened these libraries with CSF and serum from MS 
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patients 258. However, MS-specific antigens were not retrieved. In another study, 

lambda phage cDNA expression libraries were constructed from an 

oligodendrocte-precursor cell line and selections were performed on pooled CSF 

from 54 MS patients 185. Among 1,000,000 plaques, 6 positive clones were 

identified. Five out of these 6 clones displayed homology to an Alu repeat 

epitope. Furthermore, antibody reactivity towards these Alu repeats could be 

detected in 44% of serum and CSF samples from MS patients.  

 

1.5.3 Serological antigen selection  

Serological antigen selection (SAS) is a high-troughput molecular screening 

technology based on the expression of a cDNA library fused to the surface 

exposed C-terminus of phage minor coat protein pVI and allows the interaction 

and selection of phage particles displaying cDNA products from (diseased) tissue 

with antibodies in body fluids 247, 259 . The SAS procedure starts with the 

incubation of pooled serum or CSF containing antibodies with a cDNA phage 

display library constructed from (disease) relevant tissue (Figure 1.4). This leads 

to the formation and subsequent capture of antibody/antigen complexes. Next, 

unbound phage are washed away, followed by elution of bound phage. Eluted 

phage are infected in bacteria and used as input for a new selection round. In 

order to enrich phage particles with high affinity to the antibodies, several 

selection rounds are mandatory. 
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Figure 1.4: Serological antigen selection. Pooled serum or cerebrospinal fluid 
containing antibodies are incubated with a cDNA phage display library (1). Antigen-
antibody complexes are formed between antibodies and their respective target antigens 
(2). An anti-human immunoglobuling G (IgG) antibody is used to capture phage/IgG 
complexes (3) and non-bound phage are washed away (4). Next, bound phage are eluted 
(5) and amplified by infection into bacteria, followed by a new selection round (6).  

Three pVI display phagemid vectors have been contructed, pSPVIA, pSPVIB and 

pSPVIC. These phagemid vectors differ in 1 nucleotide, which allows the 

expression of the cDNA products in the correct reading frame 247. The SAS 

technology has been successfully applied for the identification of antibody 

targets for colorectal cancer 260, atherosclerosis 261 and rheumatoid arthritis 262. 

 

In addition, SAS has been used in our group to study the CSF antibody 

repertoire of MS patients. To this end, a normalized cDNA expression library 

derived from active chronic MS plaques 263, 264  was subcloned into the pVI 

phage display system and affinity selections were performed on pooled CSF from 

10 RR-MS patients 115. Antibody reactivity towards a panel of 8 candidate 

targets was further evaluated in CSF samples from 63 other MS patients, 30 

patients with other inflammatory neurological diseases and 64 patients with 
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non-inflammatory neurological disorders, which revealed a 86% specificity and 

45% sensitivity for MS. Moreover, 4 out of 8 candidate targets showed exclusive 

reactivity in CSF from MS patients. In another study, SAS has been used to 

compare the antibody repertoire in blood and CSF of MS patients 265. To this 

end, SAS procedures were performed on paired serum and CSF from a single 

RR-MS patient and led to the identification of 13 antigenic targets. Five and 2 of 

these antigenic targets were enriched by serum and CSF antibodies, 

respectively. Antibody reactivity towards the 6 remaining targets was detected 

in both CSF and serum. These findings pointed to both common and distinct 

antibody profiles in CSF and serum of MS patients 265. 
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1.6 Aims of the study 
 

MS and its possible initial manifestation CIS are characterized by an aberrant 

(auto)antibody response. Therefore, identification of antibody targets for CIS 

and MS may provide insight into underlying disease processes and allow early 

diagnosis of MS. Several antibody targets have been proposed for CIS and MS 

(Table 1.1). For a subset of these antibody targets, findings could not be 

confirmed in subsequent studies. In addition, inconclusive results have been 

reported on antibody reactivity towards several antibody targets and conversion 

to MS in CIS patients. Therefore, an ongoing need exists for the identification of 

(novel) antibody targets for CIS and MS with diagnostic properties as well as 

antibody targets that may predict progression to MS in CIS patients. Moreover, 

the identified antibody targets may serve as therapeutic targets. 

 

The goal of this study is to identify and characterize novel antibody targets for 

CIS and MS. To this end, we will use the SAS technology, a powerful high-

throughput molecular screening technology based on phage display, to identify 

antibody targets recognized by antibodies in CSF and serum from CIS and MS 

patients. In addition, we will investigate the antibody response towards a panel 

of known MS antibody targets in serum from CIS patients.  

 

Aim 1: Identification of novel antibody targets for CIS 

Limited information is available on the antibody response in CIS. Previous 

studies that investigated the antibody response in CIS primarily focused on 

antibody targets that were previously identified in MS. 

 

Therefore, we aim to identify novel antibody targets for CIS using the SAS 

technology (chapter 2). To this end, high-diversity (cDNA) libraries are required. 

A cDNA library derived from MS plaques was already available in our institute. 

However, we also aim to construct a cDNA library derived from normal brain. In 

this way, we are able to investigate whether the antibody repertoire in CIS is 

primarily targeted at proteins expressed in MS or normal brain. 
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To identify novel antibody targets for CIS, SAS procedures will be performed in 

parallel with MS and normal brain libraries on pooled CSF from CIS patients that 

developed MS. After candidate antibody targets are selected, the antibody 

response towards these targets will be evaluated in CSF and serum from 

additional CIS and MS patients, neurological controls and in serum from healthy 

subjects. An ongoing need exists for prognostic markers that predict conversion 

to MS in CIS patients. Therefore, we will also investigate the prognostic potential 

of identified targets in CIS patients. 

 

Aim 2: Investigation and comparison of the antibody response in CSF 

from RR- and PP-MS patients 

RR- and PP-MS are characterized by different clinical presentations and different 

disease mechanisms may be primarily involved in these MS subtypes. Therefore, 

the antibody response in RR- and PP-MS may be directed to different antibody 

targets. 

  

In chapter 3, we aim to identify novel antibody targets for RR- and PP-MS and to 

compare the antibody repertoire in these MS subtypes. To this end, SAS 

procedures will be performed in parallel with MS and normal brain cDNA libraries 

on pooled CSF from RR- and PP-MS patients. After identification of candidate 

antibody targets, antibody reactivity towards these targets will be examined in 

CSF and serum samples from patients used in the SAS procedures as well as in 

CSF samples from additional MS patients and neurological controls. 

  

Aim 3: Characterization of a novel candidate antibody target for CIS and 

MS 

The potential of novel candidate antibody targets needs to be confirmed in 

subsequent studies. If these antibody targets are identified by phage display, 

they may encode mimotopes and therefore identification of corresponding in 

vivo antibody targets is warranted. Furthermore, additional characterization of 

antibody targets may provide more information on their role in CIS and MS 

pathogenesis. 
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In chapter 4, we aim to further characterize a novel candidate antibody target 

for CIS and MS. The first goal of this study is to further study the antibody 

response towards this target by developing a peptide ELISA. Since this 

candidate antibody target encodes a mimotope, we also aim to identify and 

characterize the in vivo antibody target. 

 

Aim 4: Analysis of the antibody response towards MS antibody targets in 

CIS 

Several antibody targets for CIS have been reported (Table 1.1). However, the 

sensitivity and/or specificity of a subset of these antibody targets remains under 

debate. Moreover, an ongoing need exists for the identification of markers that  

allow the identification of CIS patients that are at high risk for progression to 

MS. Additional antibody targets have been identified in MS, but their sensitivity 

and specificity in CIS is currently unknown. 

For this reason we will investigate in chapter 5 the antibody response towards 

MS antibody targets SPAG16, NF-L and NF in serum from CIS patients and 

compare this with the antibody response towards a novel candidate antibody 

target. Moreover, we will examine whether antibody reactivity towards the 

tested autoantibody targets correlates with clinical parameters and conversion to 

MS. 
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clinically isolated syndrome 
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Abstract 

 

Limited information is available on the identity of antigens targeted by 

antibodies present in cerebrospinal fluid (CSF) of patients with clinically isolated 

syndrome (CIS). The aim of this study was to identify novel antigens for CIS and 

investigate their prognostic potential to predict conversion to multiple sclerosis 

(MS). We applied serological antigen selection (SAS) to identify antigens 

interacting with antibodies present in the pooled CSF from 4 CIS patients, who 

developed MS. Antibody reactivity towards CIS antigens identified by SAS was 

tested in CSF and serum from patients with CIS (n=123/n=108), MS 

(n=65/n=44) and other (inflammatory) neurological diseases (n=75/n=38) as 

well as in healthy control sera (n=44). Using SAS, a panel of 6 novel CIS 

candidate antigens was identified. CSF antibody reactivity was detected in both 

CIS and relapsing-remitting (RR) MS. Serum reactivity was significantly 

increased in CIS and RR-MS as compared to controls (p=0.03). For 2 antigens, 

the frequency of antibody positive patients was higher in CIS patients who 

converted to MS as compared to CIS patients without conversion. We identified 

novel CIS antigens to which antibody reactivity was primarily detected in CIS 

and RR-MS as compared to controls. Possible prognostic potential could be 

demonstrated for 2 antigens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 

36 
 

2.1 Introduction 
 

In the majority of multiple sclerosis (MS) patients, MS is preceded by a condition 

called clinically isolated syndrome (CIS), which is an acute or sub-acute episode 

of neurological disturbance due to a single white matter lesion 7. However, only 

30-70% of CIS patients develop MS 7. An important role of B cells and 

antibodies has been recognized in CIS and MS. For instance, treatment with the 

B cell depleting monoclonal antibody Rituximab has shown to reduce 

inflammatory lesions and clinical relapses in relapsing-remitting (RR) MS 92. 

Cerebrospinal fluid (CSF) of both CIS and MS patients is often characterized by 

the presence of oligoclonal band (OCB) antibodies 266 and it has been 

demonstrated that CSF B cells produce these antibodies in MS 114. At this 

moment, little is known about the identity of the antigens to which antibodies 

are directed in CIS and if there are antigens associated with progression to MS. 

Examples of known antigens for antibodies in CIS are myelin components, such 

as myelin oligodendrocyte glycoprotein (MOG) and myelin basic protein (MBP). 

Moreover, there are reports indicating an association on such antibody reactivity 

and conversion to MS 121, 128, although this could not be confirmed by others 129.  

 

Previous studies investigating the antibody response in CIS focused mainly on 

antigens that have been identified in MS or in other diseases 68, 121, 128, 157, 177, 267, 

268. For this reason, we aimed to identify novel antigens for CIS by means of an 

unbiased technique called serological antigen selection (SAS), which is a high-

throughput molecular screening technology based on cDNA phage display 247, 269, 

270. Up till now, this technique has been used successfully to analyze the 

autoantibody profile in several diseases, such as MS 115, 265, 271, rheumatoid 

arthritis 262, colorectal cancer 260 and atherosclerosis 261. To identify novel 

antigens for CIS, SAS procedures were performed in parallel with 2 cDNA 

expression libraries, composed of normal white matter (NWM) and MS plaques, 

to examine whether primarily normal or diseased brain antigens are targeted by 

the antibody response in CIS. Subsequently, candidate CIS antigens were 

identified and antibody reactivity towards these antigens was assessed in CSF 

and serum from CIS and MS patients and in controls. In addition, the prognostic 
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potential of novel CIS antigens to predict conversion to MS in CIS patients was 

investigated. 
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2.2 Materials and methods 
 

2.2.1 Patient material 

CSF specimens of 4 CIS patients, all of who developed MS within 2 years after 

lumbar puncture, were used for SAS procedures (Table 2.1). These CSF samples 

were pooled and preadsorbed against E.Coli and phage extracts, as described 

previously 271. 

 

Table 2.1: Characteristics of CIS patients selected for SAS procedures 

 

a F: female; M: male 
b EDSS, expanded disability status scale 
 

Immunoreactivity directed to antigens identified by SAS was assessed in patient 

and control samples (Table 2.2). For this reason, paired CSF and serum samples 

were collected from 105 CIS patients, 30 RR-MS patients, 11 and 8 patients with 

non-inflammatory neurological disorders (NIND) and other inflammatory 

neurological diseases (OIND), respectively. In addition, CSF samples were 

available from 18 other CIS, 25 RR-MS, 10 secondary-progressive (SP) MS, 36 

NIND and 20 OIND patients as well as serum specimens from 3 CIS, 14 RR-MS, 

13 NIND, 6 OIND patients and 44 healthy controls (HC). MS diagnosis and MS 

development in CIS patients was established according to McDonald criteria 14, 

15. In general, CIS patients were clinically followed for at least two years after 

sampling of CSF and serum. This study was approved by the institutional ethics 

committee and fulfilled guidelines from the declaration of Helsinki. CSF and 

serum samples were obtained after informed consent. 

 

 

 
CIS patient 

 
Gendera 

 
Age 

 
EDSSb score 

 

 
1 

 
F 

 
27 

 
2.0 

2 M 29 1.0 
3 F 35 1.0 
4 
 

M 17 2.0 
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Table 2.2: Characteristics of patients selected for CSF and serum antibody 
reactivity screening 

 
Patient  
group 

 
Gender 
(M/Fa) 

 
Mean age 

(years)± SD 

 
Mean disease 

duration (years)b 
± SD 

 
EDDS 

scorec ± 
SD 

 

 
CIS 

    

CSF (n=123) 27/96 35.9±10.7 0.5±1.4 1.5±1.1 
Serum (n=108) 22/86 35.7±10.3 0.5±1.5 1.5±1.1 

 
RR-MS     
CSF (n=55) 10/45 40.8±9.1 8.0±9.0 2.7±1.1 
Serum (n=44) 5/39 41.5±8.7 8.9±9.5 2.9±1.1 

 

SP-MS     
CSF (n=10) 2/8 47.2±9.3 14.9±8.1 4.8±1.3 

 
OIND     
CSF (n=28) 15/13 47.4±17.3  NAd NA 
Serum (n=14) 8/6 48.9±14.3 NA NA 

 
NIND      
CSF (n=47) 16/31 47.5±17.8 NA NA 
Serum (n=24) 6/18 44.3±19.1 NA NA 

 
HC     
Serum (n=44) 15/29 46.1±15.8 NA NA 

 
a M: male, F: female 
b Data available on 102/99 (CSF/serum) CIS, 49/43 RR-MS and 10 SP-MS patients 
c EDDS: expanded disability disease scale. Data available on 92/79 (CSF/serum) CIS, 
24/25 RR-MS and 8 SP-MS patients 
d NA: not applicable/not available 
 
2.2.2 cDNA phage libraries for SAS 

To identify novel antigens for CIS, 2 cDNA libraries were obtained: a cDNA 

library derived from active chronic MS plaques, with a primary diversity of 1.0 * 

106 recombinants (kindly provided by Dr. M. B. Soares 263, 264) and a NWM cDNA 

library from multiple areas of white matter from one normal human brain, with a 

primary diversity of 0.9 * 106 recombinants (obtained from Dr. G.P Owens 258). 

The cloning procedure of the MS cDNA library into the pVI phage display system 

has been described previously 271. The pVI phage display system entails 3 

vectors, pSPVIA, pSPVIB and pSPVIC, which allows expression of the cDNA 
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products in the correct reading frame. An overview of the cloning procedure of 

the NWM cDNA library is depicted in Figure 1. 

2.2.3 Construction of a NWM cDNA library 

The NWM cDNA library was directionally cloned into the lambda phage UniZAP 

vector (Stratagene, La Jolla, USA) (Figure 2.1A). In order to subclone the NWM 

cDNA inserts into the pVI phage display system, the NWM pBluescript phagemid 

was mass excised out of the lambda phage UniZAP vector according to 

manufacturers’ instructions (B). Next, NWM pBluescript phage particles were 

then infected into SOLR bacterial cells and NWM plasmid was isolated (C). 

Subsequently, NWM cDNA inserts were isolated by restriction digestion and 

ligated into the pSPVI phage display vectors (D,E).  
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Figure 2.1: Construction of a NWM cDNA phage display library. A NWM library 
cloned into the lambda phage UniZap vector was obtained (A). A mass excision step was 
performed to generate filamentous pBluescript phage particles (B). NWM plasmid DNA was 
isolated (C), followed by restriction digestion to isolate NWM cDNA inserts (D). 
Subsequently, digested NWM cDNA inserts were ligated into pSPVIA, B and C vectors and 
a pSPVI phage display library was generated (E).  
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First, 9*107 plaque forming units (pfu) of lambda NWM phage (100 fold primary 

diversity of the library) were added to 9*108 XL1-Blue cells (OD600 = 1, diluted 

in 10 mM magnesium sulfate (MgSO4)) and 9*109 pfu of Exassist helper phage. 

Phage and bacteria were then incubated for 15 minutes at 37°C, which enabled 

lambda phage to attach to the XL1-Blue cells. Subsequently, 20 ml LB (Luria-

Bertani (Life Technologies, Merelbeke, Belgium) medium, supplemented with 

200 µl 1 M MgSO4 and 200 µl 20% (w/v) maltose, was added and incubated for 

3 hours while shaking at 37°C. In this way, NWM filamentous pBluescript phage 

particles were generated. Lambda phage particles and bacterial cells were lysed 

after incubation for 20 minutes at 70°C , which was followed by centrifugation to 

remove cell debris. The efficiency of the mass excision was determined by 

infection of NWM pBluescript phage particles into SOLR bacterial cells, which are 

resistant for infection with lambda or helper phage. For this purpose, dilutions of 

the supernatant containing the NWM pBluescript phage particles were added to 

SOLR bacterial cells (OD600 = 1, in 10 mM MgSO4) and incubated for 15 minutes 

at 37°C. Phage infected bacteria were then plated on LB-A agar plates (LB (Life 

Technologies) supplemented with 100 µg/ml ampicillin (Roche Diagnostics, 

Vilvoorde Belgium) and incubated overnight at 37°C. The number of colonies 

was then used to determine the efficiency of the mass excision. 

 

Next, 9 * 107 colony forming units (cfu) pBluescript phage particles (100 fold 

primary diversity of the library) were infected into SOLR cells (OD600 = 1, in 10 

mM MgSO4) and plated on LB-A plates. Colonies were scraped and plasmid was 

isolated using the Qiagen Plasmid Midi Kit (Qiagen, Venlo, the Netherlands), 

according to manufacturers’ instructions. 

 

A restriction digestion with BamHI and KpnI was performed to isolate NWM 

cDNA inserts from the pBluescript plasmid. The restriction digestion mixture 

contained 5 µg NWM pBluescript plasmid DNA, 25 U BamHI and 25 U KpnI 

(Promega, Leiden, the Netherlands) and was incubated for 2 hours at 37°C. 

Subsequently, the restriction digestion product was separated via agarose gel 

electrophoresis and digested NWM cDNA inserts were isolated and purified from 

the agarose gel using the Illustra GFX™ PCR DNA and Gel Band Purification Kit 

(GE healthcare, Diegem, Belgium). In addition, plasmid DNA from pSPVIA, B and 
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C vectors was isolated and 2 µg plasmid DNA from each vector was sequentially 

digested with BglII and KpnI (Promega).  

 

Individual ligation reactions were performed for each pSPVI vector and NWM 

cDNA inserts. Ligations reactions were composed of 100 ng BglII/KpnI digested 

pSPVI plasmid, 250 ng BamHI/KpnI digested NWM cDNA inserts and 2 U T4 DNA 

ligase (Promega) and incubated overnight at 16°C. Next, ligation mixtures were 

electroporated into freshly prepared electrocompetent TG1 cells, and plated on 

TY-AG (TY (BD, Erembodegem, Belgium), 100 µg/ml ampicillin (Roche 

Diagnostics) and 2% glucose) agar plates. To check whether the original 

diversity of the library was maintained, dilutions of the electroporation mixture 

were plated on separate TY-AG plates.  In addition, a colony polymerase chain 

reaction (PCR) with Gene 6 primers (forward: 5’-TTACCCTCTGACTTTGTTCA-3’ and 

reverse: 5’-CGCCAGGGTTTTCCCAGTCACGAC-3’)(Eurogentec, Seraing, Belgium) was  

performed on individual colonies to verify correct cloning sites and diversity in 

cDNA insert size. 

 

2.2.4 SAS procedures  

SAS procedures were performed with NWM and MS cDNA phage display libraries 

and characterized as described previously 115, 271. In brief, 4 consecutive 

selection rounds were performed in parallel with both cDNA libraries on pooled 

CSF from CIS patients, to selectively enrich for cDNA products with high affinity 

for CIS immunoglobulin G (IgG). Immunotubes (Nunc, Roskilde, Denmark) were 

coated overnight at 4°C with 50 µg/ml (first round) or 10 µg/ml (subsequent 

rounds) rabbit anti-human IgG antibody (Dako, Heverlee, Belgium) in coating 

buffer (0.1 M sodium hydrogen carbonate pH 9,6). Next, immunotubes were 

blocked with 2% (w/v) skimmed milk powder in phosphate-buffered saline 

(MPBS). Meanwhile, 1012 – 1013 phage particles were pre-incubated with the 

pooled preadsorbed CSF (diluted 1:15) in 2% MPBS for 1.5 hour at room 

temperature (RT), while shaking. The pre-incubation mixture was then 

transferred to the immunotube and incubated for 30 minutes while shaking at 

RT, followed by 2 hours of stationary incubation. After extensive washing with 

0.1% PBS Tween20 (PBST) and PBS, bound phage were eluted with 100 mM 

triethylamine and neutralized with 1 M Tris-HCl pH 7.4. To characterize the 



Chapter 2 

44 
 

output from each selection round, eluted phage were used for infection of E.coli 

TG1 bacteria. Subsequently, a colony PCR was performed on phage infected 

bacteria with Gene 6 primers, followed by restriction digestion of the PCR 

product. In this way, enriched cDNA products representing identical cDNA clones 

could be selected and identified by sequencing. The basic local alignment search 

tool (BLAST) of the national center for biotechnology information (NCBI) was 

used to compare nucleotide and amino acid sequences of the identified clones 

with public nucleotide and protein databases (http://blast.ncbi.nlm.nih.gov). 

 

2.2.5 Phage enzyme-linked immunosorbent assay 

Phage enzyme-linked immunosorbent assay (ELISA) was used for (1) a pilot 

screening to select for the most promising enriched candidate targets and for (2) 

a screening for antibody reactivity in CSF and serum towards these selected 

antigens. 

 

Ninety-six well flat bottom plates (Greiner Bio-One, Wemmel, Belgium) were 

coated overnight at 4°C with 10 µg/ml anti-M13 antibody (GE healthcare) in 

coating buffer. Plates were blocked with 5% MPBS for 2 hours at 37°C, followed 

by 3 times washing with 0.1% PBS Tween20 and once with PBS. In each well, 

100 µl polyethylene glycol purified phage displaying the candidate antigen 

(7*1011 colony forming units/ml) or corresponding empty phage (used as 

negative control), were added and incubated for 1 hour at 37°C and 30 minutes 

at RT, while shaking. Washing steps were repeated and 100 µl diluted CSF or 

serum was added (1 hour at 37°C and 30 minutes shaking at RT). CSF was 

diluted 1:5 and serum 1:100 with a similar range of IgG concentration for 

patients and controls (CSF: 1-10 mg/dl, serum: 600–1600 mg/dl). Plates were 

washed and the amount of bound IgG was detected with a 1:2,000 dilution of 

horse radish peroxidase labeled goat anti-human IgG antibody preadsorbed 

against mouse IgG (Life technologies). Colour development was performed by 

addition of 100 µl 3,3’,5,5’ tetramethyl-benzidine dihydrochloride (TMB) solution 

(Perbioscience, Erembodegem, Belgium). The colour reaction was stopped with 

50 µl H2SO4 and plates were read at 450 nm in a Tecan plate reader (Tecan, 

Männedorf, Switzerland).  
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2.2.6 Peptide ELISA and competition assays 

Synthetic peptides (GL Biochem, Shanghai, Belgium) corresponding to the 

peptides displayed on phage were used to confirm immunoreactivity detected 

with the phage ELISA assay. Based on phage ELISA results, an antibody-positive 

and an antibody-negative serum sample were selected for phage/peptide 

competition assays. For the competition assay, a standard phage ELISA was 

performed, after pre-incubation of antibody-positive and antibody-negative 

serum samples with increasing amounts of corresponding peptide (0-100 

µg/ml). 

 

Antibody reactivity was additionally measured in a solid phase peptide ELISA by 

coating specific or a random irrelevant peptide (WTKTPDGNFQLGGTEP), as 

described previously with minor modifications 262. Briefly, 96-well flat bottom 

plates (Greiner Bio-One) were coated with specific or irrelevant peptide in 

coating buffer for 2 hours at 37°C. Plates were blocked with 2% MPBS. 

Subsequently, 100 µl of a phage ELISA antibody-positive or antibody-negative 

sample (diluted 1:100) was added and incubated at RT for 2 hours, while 

shaking. The amount of bound IgG was detected with rabbit anti-human IgG 

HRP labeled antibody (1:2000 Dako). Colour development was performed by 

addition of 100 µl TMB and stopped with 50 µl H2SO4. Plates were read at 450nm 

in a Tecan plate reader. 

 

2.2.7 Statistics 

Statistical analyses were performed using Graph Pad Prism 5 software 

(GraphPad software, La Jolla, USA). Phage ELISA data were analysed with the 

Kruskall Wallis test, followed by Dunn’s multiple comparison test. Putative 

associations between antibody reactivity and disease were analysed using the 

Fisher’s exact test. In addition, associations between antibody and reactivity 

clinical parameters were examined. The Fisher’s exact test was used for 

categorical variables, while for demographical variables an unpaired two-tailed 

student t-test or Mann Whitney test was used, when appropriate. For all 

statistical tests, a p-value lower than 0.05 was considered statistically 

significant.
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2.3 Results 

 

2.3.1 Construction of a NWM cDNA phage display  

In order to investigate whether primarily normal or diseased brain antigens are 

targeted by the antibody response in CIS, a cDNA phage display library derived 

from NWM from healthy brain was constructed. A MS cDNA library, derived from 

chronic active plaques was already generated 271. 

 

A NWM cDNA library, directionally cloned into the lambda phage UniZap vector,  

with a primary diversity of 0.9 *106 pfu was obtained. NWM cDNA inserts were 

isolated by restriction digestion and ligated in separate reactions into pSPVIA, B 

and C vectors (Figure 2.2). The primary diversity of the NWM library was 

preserved for each reading frame (diversity pSPVIA: 2.2 * 106 cfu, pSPVIB: 1.3 

*106 cfu and pSPVIC: 1.9 * 106 cfu). A PCR with Gene 6  primers was performed 

on 20 randomly selected clones for each pSPVI vector. This revealed the 

presence of correct cloning sites and a broad range in cDNA insert size (600-

1500 bp) (Figure 2.3). 

 

Figure 2.2: Vector sequence of generated NWM pSPVI cDNA library. BglII/BamHI 
and KpnI restriction sites were used to directionally subclone NWM cDNA inserts into the 
pSPVIA, B and C vectors. NWM cDNA inserts were originally cloned between EcoRI and 
XhoI sites of the UniZap/pBluescript vector (EcoRI and EcoRI adaptor sites are depicted in 
red). Several nucleotides of the UniZap/pBluescript vector are included in the NWM pSPVI 
cDNA library (depicted in green).  
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Figure 2.3: Preservation of diversity of the NWM cDNA library after subcloning of 
NWM cDNA inserts into the pVI phage display system. A PCR with vector primers 
binding adjacent to the cDNA inserts was performed, which revealed a broad range in 
insert size. M=100 bp marker, - = negative (no template) control. 

 

2.3.2 Discovery of novel candidate antigens for CIS 

To identify CIS associated antigens, 4 consecutive selection rounds were 

performed in parallel for the MS and NWM cDNA phage display libraries on 

pooled CSF from 4 CIS patients, who developed MS within two years after 

lumbar puncture (Table 2.3). As shown in Table 2.3 output titers gradually 

increased from the second round onwards, indicating enrichment of specific 

phage.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  1     2     3     4     5     6     7     8     9    10   M    11   12   13  14   15   16   17   18   19    20   -              
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Table 2.3: Output of SAS procedures  

 

 

 

 

 
 

 

 

 

 

 

a Phage input and output is depicted in cfu/ml 

 

PCR and restriction digestion was performed on 200 randomly selected clones 

from each selection round (2, 3 and 4). Enrichment was demonstrated for 22 

clones, all representing novel CIS candidate antigens. Seventeen enriched cDNA 

clones were obtained from selections on the NWM library, while 5 clones were 

obtained from selections on the cDNA library from chronic active MS plaques. 

One candidate clone was identified in selection outputs from both cDNA libraries. 

 

Of the 22 enriched cDNA clones, the most promising cDNA clones were selected 

based on antibody reactivity in CSF and serum. To this end, a pilot screening 

was performed on individual CSF and serum samples from CIS patients used for 

SAS. For 6 out of the 22 clones, named UH-CIS1 to 6 (University Hasselt, CIS, 

clone number), CSF and serum immunoreactivity in at least 1 out of 4 CIS 

patients used for the SAS procedure could be detected, confirming specific 

selection by CIS autoantibodies in CSF and serum. On the other hand, antibody 

reactivity towards these clones was absent in pooled serum from HC (n=4), 

NIND (n=5) and OIND (n=5) patients. Apart from antibody reactivity in CIS 

patients, antibody reactivity towards clone UH-CIS3 could be confirmed in 

pooled serum from 5 randomly selected MS patients (data not shown). These 6 

clones were further used for a large scale screening for antibody reactivity in 

CSF and serum from patients and controls. 

  

  
NWM library 

 

 
MS library 

 
Selection round  

 
Inputa  

 
Output  

 
Input  

 
Output  

 
 
1 

 
3.0 * 1013 

 
6.6 * 105 

 
3.0 * 1012 

 
5.8 * 105 

2 1.0 * 1013 3.0 * 105 1.0 * 1012 3.7 * 105 
3 1.0 * 1013 8.3 * 105 1.0 * 1012 2.3 * 106 
4 1.0 * 1013 1.9 * 106 1.0 * 1012 1.8 * 106 
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The selected candidate antigens, clones UH-CIS1 to 6, encode for peptides with 

a size of 6 to 123 amino acids. Subsequently, these peptides were compared to 

public protein databases using BLAST analysis. One of the candidate antigens, 

UH-CIS2 encoded part of host cell factor c1 regulator 1, which has not been 

associated with CIS up till now (Table 2.4). UH-CIS6 showed homology to 

several proteins including bestrophin 1, peroxisomal biogenesis factor 6 and ring 

finger protein 157. The other clones, UH-CIS1, UH-CIS3, UH-CIS4 and UH-CIS5, 

were translated from 3’ untranslated regions (UTR) or from non-coding reading 

frames, but did show partial homology to known proteins (Table 2.4).
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2.3.3 CSF and serum antibody reactivity in CIS and RR-MS towards UH-

CIS1 to 6 

To investigate whether antibody reactivity directed to UH-CIS1 to 6 could be 

detected in a large cohort of CIS and MS patients, a phage ELISA screening was 

performed on CSF samples from CIS (n=123), RR-MS (n=55), SP-MS (n=10), 

OIND (n=28) and NIND (n=47) patients (Table 2.5). For all 6 antigens, antibody 

reactivity could be confirmed in other CSF samples from CIS patients not used 

for SAS procedures. A trend for an increase in antibody reactivity towards the 

panel was observed in the CIS and RR-MS group as compared to the OIND and 

NIND patients, although this was not significant (Table 2.5). For the whole panel 

of CIS candidate antigens, no reactivity could be detected in CSF from SP-MS 

patients. 

 

Table 2.5: Antibody reactivity in CSF to UH-CIS 1 to 6 

 
Clone 

 
CIS 

(n=123) 

 
RR-MS 
(n=55) 

 
SP-MS 
(n=10) 

 
OIND 

(n=28) 

 
NIND 

(n=47) 
 

 
UH-CIS1 

 
4/123a (3%) 

 
1/55 (2%) 

 
0/10 (0%) 

 
1/28 (4%) 

 
1/47 (2%) 

UH-CIS2 3/123  (2%) 1/55 (2%) 0/10 (0%) 0/28 (0%) 2/47 (4%) 
UH-CIS3 8/123  (7%) 10/55 (19%) 0/10 (0%) 0/28 (0%) 3/47 (6%) 
UH-CIS4 7/120b (6%) 1/55 (2%) 0/10 (0%) 0/28 (0%) 2/47 (4%) 
UH-CIS5 2/123  (2%) 1/55 (2%) 0/10 (0%) 0/28 (0%) 0/47 (0%) 
UH-CIS6 8/123  (7%) 1/55 (2%) 0/10 (0%) 2/28 (7%) 2/47 (4%) 

 
Total 

 
21/123 (17%) 

 
12/55 (22%) 

 
0/10 (0%) 

 
3/28 (11%) 

 
5/47 (11%) 

 
a The cut-off for a positive sample was set at 3 times the standard deviation (SD) above 
the mean ∆ OD signal (OD specific phage – OD corresponding empty phage) obtained for 
the NIND and OIND samples 
b Samples were excluded for analysis when the intra-assay coefficient of variation (CV) 
>20% for duplicates 

 

An almost equal sensitivity could be obtained by combining ELISA results for 

UH-CIS3, UH-CIS4 and UH-CIS6 as compared to the whole panel. Therefore, 

these clones were selected to further study antibody reactivity in serum of CIS 

(n=108), RR-MS (n=44), OIND (n=14) and NIND (n=24) patients, as well as HC 
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(n=44). Similar to the CSF antibody screening, reactivity could be detected in 

serum from CIS patients not used for SAS and from RR-MS patients (Table 2.6).  

 

Table 2.6: Antibody reactivity in serum to UH-CIS3, UH-CIS4 and UH-CIS6 

 
Clone 

 
CIS  

(n=108) 

 
RR-MS 
(n=44) 

 
OIND 

(n=14) 

 
NIND  

(n=24) 

 
HC 

(n=44) 

 
Fisher’s exact 
testb (p-value) 

 
 

UH-CIS3 
  

7/108a 

(6%) 

 
4/44 
(9%) 

 
0/14 
(0%) 

 
0/24 
(0%) 

 
4/44 
(9%) 

 
0.58 

UH-CIS4 4/108  
(4%) 

1/44 
(2%) 

0/14 
(0%) 

1/24 
(4%) 

1/44 
(2%) 

1.00 

UH-CIS6 25/108  
(23%) 

7/44 
(16%) 

0/14 
(0%) 

  3/24 
(13%) 

3/44 
(7%) 

0.01 

 
Total 

 
30/108   
(28%) 

 
10/44 
(23%) 

 
0/14 
(0%) 

 
 3/24 
(13%) 

 
 8/44 
(16%) 

 
0.03 

 
 

a The cut-off for a positive sample was set at 3 times the SD above the mean ∆ OD signal 
(OD specific phage – OD corresponding empty phage) obtained for HC samples 
b Fisher’s exact test was used to investigate a putative association between antibody 
reactivity and disease (CIS and MS versus OIND, NIND and HC) 
 

Twenty-eight % of the CIS patients and 23% of the RR-MS patients tested 

positive for the 3 markers, although some serum samples from neurological and 

healthy controls were also antibody positive. This led to a combined sensitivity 

of 26% and specificity of 87% for CIS and RR-MS. As shown in Table 2.6, the 

number of antibody positive CIS and RR-MS patients for the combined panel 

(26% versus 13%, Fisher’s exact test: p=0.03) and UH-CIS6 (21% versus 7%, 

Fisher’s exact test: p=0.01) was significantly increased as compared to controls. 

In addition, a trend for elevated antibody levels towards UH-CIS6 was detected 

in both CIS and RR-MS (Figure 2.4). 
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Figure 2.4: Serum antibody reactivity to UH-CIS6. Phage ELISA was used to test 
serum antibody reactivity to UH-CIS6 in patients with CIS and MS and controls. The 
displayed results are ∆OD values. The cut-off (dash line) for a positive sample was set at 3 
times the standard deviation (SD) above the mean ∆ OD signal (OD specific phage – OD 
corresponding empty phage) obtained for HC samples. 
 
 
To evaluate a putative correlation between CSF and serum antibody reactivity, 

ELISA results for UH-CIS3, UH-CIS4 and UH-CIS6 from 154 paired CSF and 

serum samples were compared. Out of these 154 CSF samples, 18 CSF samples 

tested positive for one or more antigens, resulting in a total number of 22 

positive ELISA tests. Importantly, 19 out of these 22 positive ELISA tests in CSF 

could be confirmed in serum (data not shown), implicating the presence of a 

mostly similar antibody repertoire in CSF and peripheral blood. 
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For both CSF and serum antibody reactivity towards our panel, no significant 

correlation could be detected between immunoreactivity and gender, age, 

disease duration, expanded disability status scale (EDSS) or the presence of 

unique CSF oligoclonal bands. No information on magnetic resonance imaging 

(MRI) was available for the tested CIS and MS patients. 

 

Synthetic peptides were generated for UH-CIS3 and UH-CIS6. Antibody 

reactivity towards phage displayed peptides UH-CIS3 and UH-CIS6 could be 

confirmed using these synthetic peptides in solid phase peptide ELISA and in 

phage/peptide competition assays (Figure 2.5). 

 

 

Figure 2.5: Antibody reactivity towards UH-CIS3 and UH-CIS6 synthetic peptides. 
A,B. Solid phase peptide ELISAs with synthetic peptides corresponding to UH-CIS3 and 
UH-CIS6 confirmed antibody reactivity in positive serum samples based on phage ELISA. 
C,D. Increasing amounts of UH-CIS3 and UH-CIS6 synthetic peptides (X-axis) resulted in 
inhibition (Y-axis) of UH-CIS3 and UH-CIS6 phage ELISA derived signals. 
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2.3.4 Investigation of prognostic potential of UH-CIS1 to 6 to predict 

conversion to MS 

Antibody reactivity towards the panel of CIS candidate antigens could also be 

detected in CSF and serum of RR-MS patients. This implies that our panel might 

have potential prognostic and predictive value for conversion to MS. For this 

reason, follow-up information concerning MS development in CIS patients was 

collected. Among the CIS patients tested for CSF and serum antibody reactivity, 

59 out of 123 (48%) and 53 out of 108 (49%) CIS patients converted to MS, 

respectively. As shown in Table 2.7, antibody reactivity towards the panel could 

be detected in both CSF and serum irrespective of conversion to MS. Although 

not significant, a trend for an increase in antibody reactivity towards UH-CIS4 

and UH-CIS6 was observed in CIS patients with conversion to MS as compared 

to CIS patients without MS development. This suggests that antibody reactivity 

towards UH-CIS4 and UH-CIS6 could be used as a prognostic marker. However, 

additional CIS patients should be tested to further study the prognostic potential 

of these antigens. 

 

Table 2.7: Antibody reactivity in CSF and serum of CIS patients without and with 
conversion to MS 

  
CSF 

 

  
 Serum 

 
Clone 

 
CIS (n=64) 

 
CIS-MS (n=59) 

 
CIS (n=55) 

 
CIS-MS (n=53) 

 
UH-CIS1 

 
2/64a (3%) 

 
2/59 (3%) 

  
NAc 

 
NA 

UH-CIS2 1/64  (2%) 2/59 (3%) NA NA 
UH-CIS3 6/64  (9%) 2/59 (3%) 5/55 (9%) 2/53 (4%) 
UH-CIS4 2/61b(3%) 5/59 (8%) 0/55 (0%) 4/53 (8%) 
UH-CIS5 1/64  (2%) 1/59 (2%) NA NA 
UH-CIS6 3/64  (5%) 5/59 (8%) 10/55 (18%) 15/53 (28%) 

 
Total 

 
12/64 (19%) 

 
9/59 (15%) 

 
14/55 (25%) 

 
16/53 (30%) 

 
a The cut-off for a positive sample was set at 3 times the SD above the mean ∆ OD signal 
(OD specific phage – OD corresponding empty phage) obtained for the NIND and OIND 
samples (CSF) and HC (serum) 
b Samples were excluded for analysis when the %CV >20% for duplicates 
c NA: not applicable 
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2.4 Discussion 

 
In this study, we used SAS to identify novel CIS antigens. Antibody reactivity 

towards our panel of 6 novel antigens could be confirmed in CSF from CIS 

patients used for SAS procedures, as well as in CSF from other CIS and RR-MS 

patients. In addition, serum antibody reactivity towards 3 antigens, UH-CIS3, 

UHCIS-4 and UH-CIS 6, was significantly increased in CIS and RR-MS patients 

as compared to (neurological) controls. Furthermore, possible prognostic 

potential to predict conversion to MS in CIS patients could be demonstrated for 

2 antigens, UH-CIS4 and UH-CIS6. 

 

CIS can be considered either as an isolated event or as an early presentation of 

MS. Therefore, the antibody response in CIS might be directed to initial antigens 

involved in pathogenesis. In general, the number of brain lesions and plaques is 

low and could explain why the antibody response in CIS is preferentially directed 

towards antigens expressed in the NWM cDNA library. Moreover, another study 
264 demonstrated that the MS cDNA library used in our study contained unique 

transcripts involved in immune activation, which were absent in 2 normal brain 

cDNA libraries. Thus, the antigen repertoire present in MS lesions is different as 

compared to normal brain. In addition, no antibody positive CSF samples from 

SP-MS patients were identified for our panel. This might be explained by a 

restricted antibody response in the progressive phase of MS, which is 

characterized by neurodegeneration and to a lesser extent by inflammatory 

processes 272. 

 

CIS and MS are both considered heterogeneous conditions, supported by the 

presence of a wide spectrum of symptoms in CIS and MS patients. The 

heterogeneity of the disease is also reflected by the different types of lesions 

present in MS brain 26. Only one of these type lesions, type II, is characterized 

by the presence of IgG. Therefore, antibodies might play a substantial role in the 

pathogenesis in only a subset of CIS and MS patients. In addition, due to the 

fact that phage-displayed proteins are produced by the prokaryotic protein 

translational machinery, the identification of post-translational modifications is 

not feasible with phage display systems. Future studies will be performed to 
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investigate whether the addition of such post-translational modifications can 

increase the sensitivity of our panel. On the other hand, the phage display 

system used is based on monovalent expression, which allows high affinity 

interactions with antibodies. 

 

Zéphir et al. 218 demonstrated that the self-reactive serum IgG repertoire is 

already distorted in CIS patients and is different from healthy controls. 

Moreover, they showed that in 80% of CIS patients this IgG repertoire is similar 

to MS. Therefore, analysis of the antibody profile in CIS patients might have 

prognostic potential. For instance, IgG antibodies towards measles, rubella and 

the varicella zoster virus have been proposed as prognostic marker to predict 

conversion to MS in CIS patients 68. In addition, similar results have been 

obtained for the IgG response towards EBV protein Epstein-Barr nuclear antigen 

1 (EBNA-1) 268. On the other hand, conflicting results have been reported for 

other antibody targets such as MBP, MOG and alpha-glucose based glycans 121, 

129, 177, 214. For our panel, possible prognostic potential could be demonstrated for 

2 antigens, UH-CIS4 and UH-CIS6. Although the majority of CIS patients 

without current conversion were followed for at least 2 years, MS might develop 

in at least a subset of this group in the future. For example, 5 CIS patients 

without MS development who tested positive for UH-CIS4 or UH-CIS6 have 

unique OCB in the CSF, which has been associated with conversion to MS 222. 

Therefore, the prognostic value of our panel could increase after a longer period 

of follow-up. In addition, to further investigate the prognostic potential of our 

panel, additional CIS patients should be tested. 

 

Although initially identified as CSF antigens, antibody reactivity could be 

confirmed in the majority of paired serum samples, hereby providing an easily 

accessible source of antibodies. Whether the antibodies towards our panel are 

produced in CSF and/or in serum remains elusive and additional studies are 

needed to investigate their origin. Previously, abnormal antibody production in 

MS has been described for both serum and CSF. For instance, it has been shown 

that CSF B cells produce the CSF oligoclonal immunoglobulin bands in MS 

patients 114. On the other hand, also an increased number of antibody producing 
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cells have been demonstrated in the bone marrow and peripheral blood of MS 

patients as compared to healthy controls 273. 

  

One of the novel CIS candidate antigens was host cell factor c1 regulator 1 

(HCFCR1). This nuclear export factor interacts with host cell factor 1 (HCF-1), a 

ubiquitously expressed transcription factor and HCFCR1 is thought to be 

implicated in HCF-1 transport into the cytoplasm. Here, HCF-1 binds herpes 

simplex virus protein, VP16. The HCF-1-VP16 complex is then transported to the 

nucleus, where it acts as a transcription factor to activate herpes simplex virus 

immediate early genes in herpes infected cells 274. Interestingly, an intrathecal 

antibody response towards the herpes simplex virus has been detected in MS 66. 

Other identified CIS antigens from our panel showed homology to proteins that 

have been linked with MS. For instance, UH-CIS4 showed homology to the 

sodium channel Nav1.5. Expression of Nav1.5 has been shown to be upregulated 

in reactive astrocytes in MS lesions and could have compensatory effects 275. 

Inhibition of poly (ADP-ribose) polymerase 1, another protein with similarity to 

UH-CIS4, has been suggested as a therapy to suppress neuroinflammation in MS 
276. UH-CIS6 displayed high similarity to several proteins, including alternatively 

expressed isoforms of bestrophin 1 (19/22 amino acids, 86%) and peroxisomal 

biogenesis factor 6 (19/24 amino acids, 79%). In addition, mutations in BEST1 

and PEX6, genes encoding UH-CIS6 homologs, have been associated with 

retinopathies 277 and several neurological diseases 278. Antibodies towards these 

described antigens might exert several functions. For example, antibodies 

towards NaV1.5 could be pathogenic by blocking its proposed compensatory 

mechanism in MS lesions. On the other hand, antibodies might also have 

protective roles. For instance, antibodies towards HCFCR1 might lead to a 

decrease of cytoplasmatic HCF-1, which then indirectly could inhibit viral 

infection. 

 

As suggested by the BLAST results for UH-CIS6, alternative spliced antigens 

might be a target for autoimmunity. This is supported by findings reported by 

Ng et al. 279, who demonstrated that alternative splicing occurred in 100% of 45 

randomly selected autoantigens, which was significantly higher than the 

alternative splicing rate of 42% in 9554 randomly selected gene transcripts. For 
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this reason, it was suggested that alternative splicing could lead to the 

generation of untolerized epitopes involved in autoimmunity 279. Of note, 

alternative splicing has already been described for several known autoantigens 

which are associated with MS 280. 

 

Whether antibodies towards our panel are involved in CIS and MS pathogenesis 

remains to be elucidated. At least a subset of known MS associated 

autoantibodies has been shown to have pathogenic effects. For instance, 

oligoclonal IgM against myelin lipids has shown to correlate with disability 

progression in MS 217. Co-injection of monoclonal antibodies directed to the 

axonal antigen neurofascin together with encephalitogenic MOG specific T cells 

exacerbated disease in experimental autoimmune encephalomyelitis (EAE), the 

animal model of MS 138. In addition, human serum with high titers of antibodies 

binding to native MOG has been to shown to enhance demyelination and axonal 

damage in EAE 189. 

 

In summary, we used an unbiased high-throughput technology based on phage 

display, which led to the identification a panel of novel CIS candidate antigens. 

Both CSF and serum antibody reactivity towards this panel could be primarily 

detected in CIS and RR-MS and to lesser extent in healthy and neurological 

controls. In the future, experiments will be performed to further characterize 

these antigens, explore their prognostic potential into more detail and identify 

their role in CIS and MS pathogenesis. 
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Exploring the cerebrospinal fluid 
antibody repertoire in relapsing-

remitting and primary-progressive 
multiple sclerosis 
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Abstract 
 
Several subtypes of Multiple Sclerosis (MS) have been described; in 80% of the 

MS patients disease manifests in a relapsing-remitting (RR) fashion, while 20% 

of the MS patients have a primary-progressive (PP) disease course from onset. 

Different autoantibody repertoires may be present in these MS subtypes. 

Therefore, the aim of this study was to identify novel antibody targets for RR- 

and PP-MS and to compare the antibody repertoire in these MS subtypes.  

To identify antibody targets for RR- and PP-MS, serological antigen selection 

(SAS) procedures were performed on pooled cerebrospinal fluid (CSF) from RR- 

(n=6) and PP-MS (n=6) patients. Antibody reactivity towards a panel of novel 

candidate antibody targets was tested in paired serum and CSF samples from 

patients used in the SAS procedures. In addition, CSF samples were obtained 

from patients with RR-MS (n=84), PP-MS (n=32), secondary progressive MS 

(n=9), other inflammatory neurological diseases (OIND) (n=31) and non-

inflammatory neurological diseases (NIND) (n=53).  

Using SAS procedures, a panel of 9 novel antibody targets for MS was identified 

(RR-MS n=8, PP-MS n=1). No overlap was present in the SAS output from both 

CSF pools, which may indicate the presence of distinct antibody repertoires in 

RR- and PP-MS. Antibody reactivity towards the panel could be confirmed in 

serum and CSF from patients used for SAS. In addition, CSF samples from 4/51 

MS patients and 1/39 neurological controls tested positive for 1 candidate 

target, UH-RRMS7. In summary, a panel of 9 novel antibody targets for RR- and 

PP-MS was identified to which antibody reactivity in both CSF and serum of MS 

patients was detected. 
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3.1 Introduction 
 
In 80% of multiple sclerosis (MS) patients, disease presents in a relapsing-

remitting (RR) fashion followed by a secondary-progressive (SP) phase, while 

20% of the MS patients have a primary-progressive (PP) disease course from 

onset 3. Apart from a different clinical presentation, the proportion of affected 

males and average age of disease onset is higher in PP-MS 281. Furthermore, 

disease-modifying strategies used for RR-MS are not effective in PP-MS 282. In 

addition, neuro-inflammatory processes are more prominent in RR-MS than in 

PP-MS 282. Together, these differences may point to the presence of distinct 

disease mechanisms in RR- and PP-MS. 

 

Since different disease mechanisms may be primarily involved in RR- and PP-

MS, it may be hypothesized that these MS subtypes are characterized by 

different cerebrospinal fluid (CSF) and serum autoantibody repertoires. Quintana 

and colleagues used antigen arrays to investigate the antibody response towards 

a set of known autoantibody targets in serum of MS subtypes 241. RR-MS was 

characterized by antibody responses towards heat-shock proteins (HSP) 60 and 

70, which is consistent with the inflammatory processes associated with RR-MS. 

On the other hand, HSP antibody reactivity was absent in PP-MS. Both MS 

subtypes displayed antibody reactivity towards central nervous system (CNS) 

antigens, such as myelin oligodendrocyte protein (MOG) and 2',3'-cyclic 

nucleotide 3'-phosphodiesterase (CNP). Although in PP-MS antibody responses 

were detected towards the same CNS antigens as in RR-MS, a lower number of 

epitopes were targeted in PP-MS.  

 

Lipids represent another class of antibody targets in MS. Increased antibody 

reactivity towards the myelin lipid galactocerebroside has been observed in 

serum from RR-MS patients as compared with PP-MS patients 155. On the other 

hand, serum antibody levels towards the lipid ganglioside GM3 were elevated in 

PP-MS 152. In addition, the intrathecal and serum antibody response towards the 

axonal protein neurofilament-light (NF-L) was increased in PP-MS 144, 145.  
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In general, the majority of these studies focused on serum rather than on CSF 

antibody responses towards known (MS) antibody targets. In addition, validation 

studies are lacking or results could not be confirmed in subsequent studies 146. 

Therefore, novel MS specific antibody targets need to identified. 

 
The aim of this study was to identify novel antibody targets for RR- and PP-MS 

and to compare the antibody repertoire in these MS subtypes. To this end, a 

high-throughput screening technology based on phage display, serological 

antigen selection (SAS) was applied 259, 269, 270. Previously, this approach has led 

to the successful identification of novel antibody targets for MS 115 and clinically 

isolated syndrome (CIS) 283. In this study, we prepared CSF pools from RR- 

(n=6) and PP-MS patients (n=6) and screened both normal and MS brain cDNA 

phage display libraries to identify RR- and PP-MS antibody targets. Furthermore, 

we analyzed the antibody response towards identified candidate antibody targets 

in CSF from additional MS patients and (inflammatory) neurological controls. 
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3.2 Materials and methods 
 
3.2.1 Patient material 

CSF samples of 6 RR- and 6 PP-MS patients were used for SAS procedures 

(Table 3.1). These CSF samples were pooled and preadsorbed against E.Coli and 

phage extracts, as described previously 271. Pooled serum from 7 healthy 

controls (HC) (3 men,  4 women, mean age = 40.7,  range 25-55 years) was 

used for negative selection rounds. 

 

Table 3.1: Characteristics of RR- and PP-MS patients used for SAS procedures 

a F: female; M: male 
b EDDS, expanded disability status scale 

c NA: not available 

In addition, paired serum samples were collected from patients included in the 

SAS procedures. Serum samples were also obtained from 5 other MS patients, 9 

HC and 5 patients with non-inflammatory neurological disorders (NIND) and 

other inflammatory neurological diseases (OIND), respectively. Furthermore, 

CSF samples were available from 84 RR-MS, 32 PP-MS, 9 SP-MS, 31 OIND and 

53 NIND patients (Table 3.2). MS diagnosis was established according to 

McDonald criteria 14, 15. This study was approved by the ethics committee of 

Hasselt University. 

 Patient Gendera Age EDSSb 

 
Disease 
duration 
(years) 

 
 
Pool 1: RR-MS 

 
RR1 

 
F 

 
26 

 
4.0 

 
0.6 

 RR2 F 43 3.0 6.0 
 RR3 M 38 5.0 0.1 
 RR4 M 62 1.0 0.3 
 RR5 F 55 3.5 5.0 
 RR6 F 40 2.0 

 
4.0 

Pool 2: PP-MS PP1 F 65 NAc 1.0 
 PP2 F 30 2.5 2.0 
 PP3 F 48 6.5 8.0 
 PP4 M 37 2.0 6.0 
 PP5 M 55 2.5 10.0 
 PP6 M 69 4.5 NA 
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Table 3.2: Characteristics of patients and controls used for antibody reactivity 

analysis 

 

 
Patient group 

 
Gender 
(M/Fa)  

 
Age ± SD 

 
Disease 
duration 

(years)b ± SD 
 

 
EDSSc ± SD 

 
RR-MS  SAS 
procedures 
 

    

Initial cohort     
RR-MS (n=49) 10/39 38.8 ± 9.4 6.1 ± 6.9 2.9 ± 1.2 

OIND (n=9) 4/5 34.9 ± 20.1 NAc NA 
NIND (n=17) 5/12 47.3 ± 17.6 NA NA 
     
Second cohort     
RR-MS (n=35) 8/27 38.7±9.5 6.0±7.0 2.7±1.1 
PP-MS (n=7) 3/4 47.1±12.9 7.0±5.3 4.5±1.8 
SP-MS (n=9) 2/7 46.1±9.5 14.3±9.0 5.0±1.1 
OIND (n=15) 7/8 45.3±15.5 NAd NA 
NIND (n=24) 
 

8/16 46.4±16.6 NA NA 

     
PP-MS SAS 
procedures 
 

    

PP-MS (n=25) 11/14 48.3 ± 10.4 8.7±5.9 3.8±1.5 

OIND (n=7) 4/3 44.3 ± 24.2 NA NA 
NIND (n=12) 5/7 48.3 ± 16.2 NA NA 

 
a F: female; M: male 

b Data available for 80 RR-MS and 27 PP-MS patients 
c EDSS, expanded disability status scale. Data available for 56 RR-MS, 19 PP-MS and 7 SP-
MS patients 
d NA: not applicable/not available 
 

3.2.2 Construction of cDNA phage display libaries 

To identify novel antibody targets for RR- and PP-MS, cDNA phage display 

libraries were constructed from normal white matter (NWM) of healthy brain 

(0.9 * 106  primary recombinants) and active chronic MS plaques (1.0 * 106 

primary recombinants). These libraries were subcloned in the pVI phage display 

vectors, pSPVIA, pSPVIB and pSPVIC, each representing one of the 3 different 
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reading frames. The subcloning procedure was performed as described 

previously 271. 

 

3.2.3 SAS procedures 

SAS procedures were performed and SAS output was characterized as described 

previously 271, 283. In brief, 3-4 consecutive positive selection rounds were 

performed in parallel with both cDNA libraries on pooled CSF from RR- and PP-

MS patients (Figure 3.1A). Immunotubes (Nunc, Roskilde, Denmark) were 

coated with 50 µg/ml (first round) or 10 µg/ml (subsequent rounds) rabbit anti-

human immunoglobulin G (IgG) antibody (Dako, Heverlee, Belgium). Next, NWM 

or MS phage particles were pre-incubated with the pooled preadsorbed CSF in a 

glass tube, followed by transfer of the pre-incubation mixture to the 

immunotube. To remove unbound phage, the immunotube was washed 10 times 

(first selection round) and 20 times (subsequent rounds) with 0.1% PBS 

Tween20 (PBST) and PBS, followed by elution of bound phage with 100 mM 

triethylamine. Output phage were amplified through infection of E.coli TG1 

bacteria and characterized by polymerase chain reaction (PCR) and restriction 

digestion. In this way, enrichment of phage clones could be identified. 

Nucleotide and amino acid sequences of selected clones were compared with 

public nucleotide and protein databases using the basic local alignment search 

tool (BLAST) of the national center for biotechnology information (NCBI) 

(http://blast.ncbi.nlm.nih.gov). 

 

In addition, negative selection procedures were performed to deplete aspecific 

binding cDNA products (Figure 3.1B) 269, 271. To this end, output phage from a 

positive selection procedure were pre-incubated with pooled HC serum for 1.5 

hour at room temperature (RT). Next, the pre-incubation mixture was incubated 

in an immunotube coated with 10 µg/ml of rabbit anti-human IgG antibody 

(Dako) for 30 minutes while shaking at RT, followed by 2 hours of stationary 

incubation. Non-bound phage were retained and used for infection of E.coli TG1 

bacteria. Subsequently, output phage were characterized as described. 

 

 

 



Chapter 3 

68 
 

 

 
 



                                         Novel antigens for RR-MS and PP-MS
  

69 
 

Figure 3.1: SAS procedures for the identification of antibody targets for MS. A. 
Positive selection rounds were initiated with the incubation of MS or NWM phage particles 
with pooled RR- or PP-MS CSF (1). Complexes were formed consisting of MS antibodies 
and cDNA products expressed on the surface of the phage (2). Antibody/antigen 
complexes were captured by an anti-human immunoglobulin G (IgG) antibody (3). Next, 
unbound phage were washed away (4). This was followed by elution of bound phage (5), 
which were amplified by infection in bacteria and used as input for a new selection round 
(6). B. A negative selection round was incorporated in order to deplete aspecific binding 
cDNA products. First, a positive selection round was performed (1-5). Next, eluted phage 
of the positive selection round were incubated with pooled serum from healthy controls 
(HC) (6). HC antibody/antigen complexes were formed (7) and captured (8). Unbound 
phage were retained and amplified by infection in bacteria, followed by characterization of 
phage output (9). 

 

3.2.4 Phage ELISA 

A phage enzyme-linked immunosorbent assay (ELISA) was performed as 

described 283. First, a pilot screening was performed on (paired) serum to select 

the most promising candidate targets. Next, phage ELISA was used to analyze 

antibody reactivity towards selected antibody targets in CSF from MS patients 

and neurological controls. 

 

In brief, 96-well ELISA plates (Greiner Bio-One, Wemmel, Belgium) were coated 

with 10 μg/ml anti-M13 antibody (GE healthcare, Diegem, Belgium). After ELISA 

plates were blocked, 100 μl of phage displaying the candidate target (7*1011 

colony forming units (cfu) /ml) and corresponding empty phage (used as a 

negative control) were added. Subsequently, 100 μl of diluted serum (1:100) or 

CSF (1:5 or 1:1.33) was added. Bound human IgG was detected with a 1:2,000 

dilution of horse radish peroxidase (HRP) labeled goat anti-human IgG antibody 

(Life Technologies, Merelbeke, Belgium). Colour development was initiated with 

the addition of 3,3’,5,5’ tetramethyl-benzidine dihydrochloride (TMB) solution 

(Perbioscience, Erembodegem, Belgium) and stopped with 50 μl H2SO4. Plates 

were read at 450 nm in a Tecan plate reader (Tecan, Männedorf, Switzerland) 
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3.3 Results 
 

3.3.1 Affinity selection of NWM and MS cDNA phage display libraries 

with RR- and PP-MS CSF pools 

To investigate and compare the antibody repertoire in CSF from RR- and PP-MS 

patients, 3-4 consecutive positive selection procedures were performed in 

parallel with NWM and MS cDNA phage display libraries on pooled RR- and PP-

MS CSF (Table 3.3). Using the NWM and MS cDNA phage display libraries, we 

also examined whether primarily MS or normal brain antigens are targeted by 

the antibody response in RR- and PP-MS. Due to increased selection stringency 

(lower coating concentration of rabbit anti-human IgG antibody and more 

extensive washing), output titers decreased in the second selection round as 

compared with the first round. However, from the second round onwards, phage 

output titers increased for all SAS procedures, indicating specific enrichment of 

phage. Furthermore, output titers were in a similar range for both CSF pools and 

cDNA libraries. For the MS cDNA library, a separate positive selection round 

followed by a negative selection procedure was performed to deplete aspecific 

cDNA products (Table 3.3). This resulted in a 2-3 fold drop of output titers, 

which points to the depletion of aspecifically binding cDNA products. 
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Table 3.3: Output of SAS procedures 

a Phage input and output is depicted in cfu/ml 
b Round 2 was repeated (2B) and a positive selection round followed by a negative 
selection procedure was performed 

3.3.2 Characterization of output phage from SAS procedures 

The output of the SAS procedures was characterized by PCR and restriction 

digestion on 200 clones from selection rounds 2, 3 and 4. This led to the 

selection of 31 clones for further investigation. Fourteen NWM and 3 MS clones 

were obtained from selections on RR-MS CSF, while for the PP-MS selection 

procedures 11 NWM and 3 MS clones were selected. Identical clones were 

absent when output phage from RR- and PP-MS selection rounds were 

compared, which indicates the presence of different CSF antibody repertoires for 

these MS subtypes. 

 

Two out of the selected 31 clones (1 clone from each CSF pool) were found to be 

dominantly enriched in the output from the positive selections with the MS 

library. These clones were detected in 35-50% of analyzed colonies in the output 

 

 

  

RR-MS 

 

PP-MS 

 

 

Round 

 

Selection 

procedure 

 

 

Inputa 

 

Output 

 

Input 

 

Output 

NWM library      

1 Positive 3.0 * 1013 7.8 * 10
5
 3.0 * 1013 1.1 * 10

6
 

2 Positive 1.0 * 1013 1.5 * 10
5
 1.0 * 1013 4.8 * 10

5
 

3 Positive 1.0 * 1013 7.8 * 10
5
 1.0 * 1013 1.6 * 10

6
 

4 Positive 1.0 * 1013 9.9 * 10
5
 1.0 * 1013 4.1 * 10

6
 

      

MS library    

1 Positive 3.0 * 1012 5.9 * 10
5
 3.0 * 1012 6.4 * 10

5
 

2A Positive 1.0 * 1012 4.4 * 10
5
 1.0 * 1012 1.7 * 10

5
 

2Bb Positive + 1.0 * 1012 4.6 * 105 1.0 * 1012 2.4 * 105 

 Negative 4.6 * 105 1.3 * 105 2.4 * 105 1.4 * 105 

3 Positive 1.0 * 1012 3.3 * 10
6
 1.0 * 1012 2.0 * 10

6
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of the second positive selection round, while in the third positive round their 

presence increased up to 75-100%. Negative selection procedures were 

performed to investigate whether enrichment of these clones was due to specific 

binding with MS antibodies. Characterization of output phage from negative 

selection rounds revealed an equal prevalence of the dominantly enriched clones 

as compared with the output from positive selection rounds. Therefore, the 

dominant enrichment of these clones was due to specific interaction of 

antibodies from MS patients.  

 

3.3.3 Identification of novel antibody targets for RR- and PP-MS 

To select the most promising antibody targets out of the 31 candidate clones, a 

pilot screening on paired serum samples from RR-MS and PP-MS patients 

included in the SAS procedures was performed. For 9 out of the 31 clones, 

named UH-RRMS1 to 8 and UH-PPMS1 (University Hasselt, RRMS/PPMS, clone 

number), antibody reactivity was confirmed by phage ELISA in serum from at 

least 1 RR- or PP-MS patient used for SAS procedures (Table 3.4). Moreover, 

antibody reactivity towards these candidate targets was absent in serum from 

individual HC (n=5) and pooled serum from NIND (n=5), OIND (n=5) and other 

HC (n=4). However, antibody reactivity towards 1 clone, UH-RRMS7, was also 

observed in pooled serum from other MS patients (n=5), although pooled serum 

from HC (n=5) tested positive as well. Eight clones were identified in SAS 

procedures with the NWM cDNA library, while 1 clone was derived from 

selections with the MS cDNA library. These 9 clones were used for a large scale 

screening in CSF from patients and controls.  

The selected clones encode for peptides with a size of 5 to 32 amino acids (Table 

3.5). The amino acids of these peptides were compared to public protein 

databases using BLAST analysis. UH-RRMS6 corresponded for 21 out of 23 

amino acids to hCG2045783. Although other peptides were translated from non-

coding reading frames or 3’ untranslated regions, homology could be detected to 

proteins such as calcyphosine 2 (UH-RRMS1) and kruppel-like factor 14 (UH-

RRMS7). 
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3.3.4 Analysis of antibody reactivity towards candidate antibody targets 

in CSF from MS patients and neurological controls 

Next we investigated by phage ELISA whether antibody reactivity towards the 

panel of 9 candidate targets could be detected in CSF from (additional) MS 

patients and neurological controls. For all candidate targets, antibody reactivity 

could be verified in at least 1 CSF sample from patients used for the SAS 

procedures. Moreover, antibody reactivity could be confirmed in paired serum 

samples (section 3.3.3), which may indicate a similar antibody repertoire in CSF 

and serum. However, antibody reactivity towards UH-RRMS1-6 and 8 was 

absent in CSF from additional RR-MS (n=49), OIND (n=9) and NIND (n=17) 

patients. In addition, no antibody reactivity towards UH-PPMS1 was detected in 

CSF from additional PP-MS (n=25), OIND (n=7) and NIND patients (n=12). On 

the other hand, 2/35 RR-MS, 1/7 PP-MS, 1/9 SP-MS and 1/24 NIND patients 

tested positive for UH-RRMS7 when the amount of CSF per well was increased 

from 20 µl (diluted 1:5) to 75 μl (diluted 1:1.33) (Table 3.6). Therefore, UH-

RRMS7 may represent a common antibody target for RR- and PP-MS. 

 

As suggested by the described results, the amount of CSF may be an important 

factor contributing to the identification of a positive CSF sample. In the future, 

additional phage ELISA assays may be performed for UH-RRMS1-6,8 and UH-

PPMS1 using the higher amount of CSF.  

 

Table  3.6:  Antibody reactivity in CSF towards UH-RRMS7 

  

RR-MS 

 

PP-MS 

 

SP-MS 

 

OIND 

 

NIND 

 

 

# ab pos patients 

 

2/35a 

 

1/7 

 

1/9 

 

0/15 

 

1/24 

% ab pos patients 6 14 11 0 4 

 
a The cut-off for a positive sample was set at 3 times the SD above the mean ∆ OD signal 
(OD specific phage – OD corresponding empty phage) obtained for the NIND and OIND 
samples.
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3.4 Discussion 
 
In this study, we identified a panel consisting of 8 novel candidate antibody 

targets for RR-MS and 1 candidate target for PP-MS. Antibody reactivity towards 

this panel could be confirmed in individual serum and CSF samples from patients 

used for SAS. Moreover, antibody reactivity towards 1 candidate target, UH-

RRMS7 was detected in CSF from additional MS patients not used for SAS 

procedures.  

 

No overlap was observed in the output from SAS procedures of the RR- and PP-

MS pools, which may reflect the presence of distinct humoral disease 

mechanisms in these MS subtypes. On the other hand, immunoreactivity 

towards UH-RRMS7 was detected in CSF from both RR- and PP-MS patients, 

which points to common antibody targets for RR- and PP-MS. However, for 

antibody targets, such as galactocerebroside 155 and NF-L 144, 145, antibody 

reactivity could be observed in all MS subtypes, although the frequency of 

antibody reactivity was increased in RR- and PP-MS, respectively. Therefore, the 

number of RR- and PP-MS patients should be expanded to investigate whether 

antibody reactivity towards UH-RRMS7 is primarily present in RR-MS. 

 

Antibody reactivity towards the panel of candidate antibody targets was 

detected in both CSF and serum from patients used for SAS. However, with the 

exception of UH-RRMS7, no additional positive CSF samples from MS patients 

not included in the SAS procedures could be identified. This may have a 

biological cause since MS is a heterogeneous disease and the antibody response 

may be pathologically involved in a subset of MS patients. In particular in PP-

MS, the antibody response may have a less prominent role. For example, type 

IV lesions, characterized by oligodendrocyte death and without antibody 

deposition, have been reported only in PP-MS 26. Quintana and colleagues were 

able to discriminate PP-MS from healthy subjects based on their antibody profile 
241. However, this was not due to a general increase in antibody levels in PP-MS, 

but rather to a decrease in antibody reactivity as compared with healthy 

subjects. In another study, the pathogenic potential of antibodies from MS 

patients was tested in a myelinating culture system 192. Although complement-
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dependent demyelination caused by IgG of PP-MS patients was observed 

occasionally, the frequency of a pathogenic antibody response was significantly 

higher in RR-MS as compared with PP-MS. 

 

Alternatively, technical issues may cause the lack of additional antibody positive 

samples. When the amount of CSF was increased in the ELISA, additional 

positive CSF samples from patients not included in the SAS procedures could be 

identified. However, for the whole panel of 9 antibody targets, antibody 

reactivity could be detected in at least 1 CSF sample from patients used for SAS. 

Nevertheless it may be interesting to test whether antibody reactivity towards 

UH-RRMS1-6,8 and UH-PPMS1 can be detected in additional MS patients when 

the amount of CSF in the phage ELISA will be increased. 

 

Seven out of 8 selected candidate antibody targets for RR-MS were derived from 

the NWM cDNA library, whereas 1 clone was derived from selections with the MS 

library. This may be due to the relative short disease duration of the RR-MS 

patients included in the SAS procedures (Table 1, average 2.7 years), which 

may skew the antibody response towards initial antigens involved in disease. 

Moreover, similar results were obtained in another study, which focused on the 

antibody repertoire of patients with clinically isolated syndrome (CIS), a possible 

first manifestation of MS 283. 

 

For both patient groups dominant enrichment of a single clone was present in 

the output of selections with the MS cDNA library. Enrichment of these clones 

was not due to aspecific binding, since their prevalence did not decrease after 

the incorporation of a negative selection round. Importantly, specific antibody 

reactivity towards these clones could be demonstrated in serum from patients 

used for SAS. Moreover, due to the high prevalence of these dominantly 

enriched clones, other enriched candidate targets may be overseen in phage 

output from the MS library, which may clarify the low number of candidate 

antibody targets derived from the MS library. 

 

UH-RRMS8 corresponded for 21 out 23 amino acids to hCG2045783. However, 

no further information for this protein was available. Another candidate antibody 
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target, UH-RRMS4 displayed homology to general transcription factor IIH, 

polypeptide 4 (GTF2H4), a protein involved in nucleotide excision repair. 

Interestingly, a single nucleotide polymorphism (SNP) within intron 11 of 

GTF2H4 was found to be associated with MS susceptibility 284. Antibody 

reactivity towards GTF2H4 may inhibit the DNA repair function of GTF2H4 and 

lead to an increase in DNA damage, which has been demonstrated in MS plaques 
285.  

 

In conclusion, a panel of 9 novel antibody targets was identified for RR and PP-

MS. Antibody reactivity was confirmed in both CSF and serum from patients 

used for the SAS procedures. In the future, further study of these targets is 

mandatory to validate their potential as antibody targets for MS. Moreover, we 

provided an initial indication for the presence of different antibody repertoires in 

RR- and PP-MS. Future studies should be performed to confirm and further 

investigate the antibody response in MS subtypes. 
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Abstract 

Recently, we identified the mimotope UH-CIS6 as a novel candidate antibody 

target for clinically isolated syndrome (CIS) and relapsing-remitting (RR) 

multiple sclerosis (MS). The purpose of this study was to further validate UH-

CIS6 as an antibody target for CIS and MS and to identify the in vivo antibody 

target of UH-CIS6. First, a UH-CIS6 peptide ELISA was optimized. Next, we 

investigated the antibody response towards UH-CIS6 in cerebrospinal fluid (CSF) 

from patients with CIS (n=20), MS (n=43) and other neurological diseases 

(n=42). Immunoprecipitation of anti-UH-CIS6 antibodies on a normal human 

brain lysate was performed to identify the in vivo antibody target of UH-CIS6. 

The cellular expression of an in vivo candidate target was investigated by 

immunohistochemistry using MS brain tissue sections. Antibody reactivity 

towards UH-CIS6 was detected in a significantly increased proportion of CSF 

samples from CIS and RR-MS patients as compared with neurological controls 

(p=0.046). We identified and confirmed coronin-1a as the in vivo antibody 

target for UH-CIS6. Furthermore, coronin-1a was expressed by T cells and 

macrophages in an active MS lesion. Together, these results demonstrate that 

coronin-1a is a novel antibody target for CIS and MS. 
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4.1 Introduction 

Multiple sclerosis (MS) is a chronic inflammatory neurological disorder of the 

central nervous system (CNS), characterized by inflammation-driven 

demyelination and neuro-axonal degeneration. In Europe, MS has a prevalence 

of approximately 0,1% 1. The majority of MS patients display a relapsing-

remitting (RR) disease course, in which disease exacerbations are followed by 

periods of remission. In 85% of the MS patients, the disease first manifests with 

a clinically isolated syndrome (CIS), a single episode of neurological disturbance 

which should last at least for 24 hours 4. Clinical symptoms and signs in CIS can 

be caused by a lesion in the optic nerve, spinal cord, brainstem, cerebellum or 

cerebral hemisphere 4. Thirty to 70% of CIS patients develop MS by a second 

clinical relapse or by new lesions on a follow-up MRI 7. An ongoing need exists 

for markers which allow early diagnosis.  

 

The presence of antibodies in cerebrospinal fluid (CSF) and in peripheral blood is 

one of the inflammatory hallmarks of CIS and MS. However, targets of this 

antibody response are largely unknown. An example of an antibody target 

shared by CIS and MS is myelin oligodendrocyte glycoprotein (MOG) 117. 

However, contradictory results on the anti-MOG antibody response have been 

obtained, which is reflected by the wide range of antibody positive CIS and MS 

patients that have been reported 117. These discrepancies may be caused by the 

different types of assays, such as Western blot analysis, ELISA and cell based 

assays, that have been used. In addition, antibody reactivity towards linear and 

conformational MOG epitopes has been investigated 117. Recently, the potassium 

channel KIR4.1 has been identified as a novel antibody target for CIS and MS 
116. Serum antibodies to KIR4.1 were detected in 46.9% of CIS and MS patients, 

while these antibodies were present in serum from 0.9% of neurological controls 

and absent in healthy subjects. However, additional studies are needed to 

confirm these promising findings.  

 

In a recent study, we identified UH-CIS6 as a novel candidate antibody target 

for CIS and RR-MS by using a phage display approach 283. Phage ELISA assays 

confirmed antibody reactivity towards UH-CIS6 in CSF from the CIS discovery 
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cohort as well as in CSF samples from additional CIS and RR-MS patients. 

Furthermore, a significantly higher percentage of CIS and RR-MS patients 

displayed serum antibody reactivity towards UH-CIS6 as compared to 

neurological and healthy controls (21% versus 7%). A disadvantage of phage 

display, however, is the identification of mimotopes. These peptides or proteins 

do not necessarily have the same or even a similar amino acid sequence as the 

natural epitopes, but mimic their binding properties 249. UH-CIS6 is an example 

of a mimotope and therefore the in vivo antibody target is unknown. 

 

Since UH-CIS6 represents a promising candidate autoantibody target for CIS 

and MS, the goal of this study was to further characterize UH-CIS6. First, a UH-

CIS6 peptide ELISA was developed to study the antibody response towards UH-

CIS6 in CSF from CIS and MS patients. Secondly, since UH-CIS6 encodes a 

mimotope, we aimed to identify the in vivo antibody target and further 

characterize the expression of a candidate target in MS brain tissue. 
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4.2 Materials and methods 

4.2.1 Patient material  

Immunoreactivity towards UH-CIS6 was assessed in CSF samples from 20 CIS, 

31 RR-MS, 7 primary-progressive (PP) MS and 5 secondary-progressive (SP) MS 

patients. In the control group, 26 and 16 CSF samples were included from 

patients with non-inflammatory neurological disorders (NIND) and other 

inflammatory neurological diseases (OIND), respectively (Table 4.1). MS 

diagnosis and MS development in CIS patients was established according to 

McDonald criteria 14, 15. In general, CIS patients had a clinical follow-up for 2 

years after sampling. This study was approved by the ethics committee of 

Hasselt University and fulfilled guidelines from the declaration of Helsinki. 

Samples were obtained after informed consent. 

 

Table 4.1: Characteristics of patients and controls used for anti-UH-CIS6 antibody 

reactivity analysis in CSF 

 
Patient group  

 
Gender 
(M/F)a 

 
Mean age 

(years)± SD 

 
Mean 

disease 
durationb 

(years) ± SD 
 

 
EDDS scorec 

± SD 
 

 
CIS (n=20) 
   CIS-CIS (n=5) 
   CIS-MS (n=15) 

 
7/13 
2/3 
5/10 

 
30.8±9.4 
32.0±11.4 
30.4±9.0 

 
0.4±0.7 
0.1±0.2 
0.5±0.8 

 
1.6±0.7 
1.7±0.6 
1.6±0.7 

RR-MS (n=31) 9/22 38.7±9.4 6.3±7.1 2.8±1.2 
PP-MS (n=7) 2/5 45.1±13.8 8.2±4.7 4.5±1.4 
SP-MS (n=5) 2/3 50.0±9.6 15.8±12.3 4.2±1.3 
OIND (n=16) 5/11 51.6±14.7 NAd NA 
NIND (n=26) 
 

8/18 48.6±15.1 NA NA 

a M: male, F: female 
b Data not available for 3 CIS (CIS-MS) patients 
c EDDS: expanded disability disease scale. Data available for 11 CIS (3 CIS-CIS, 8 CIS-
MS), 29 RR-MS, 7 PP-MS and 3 SP-MS patients 
d NA: Not available/not applicable 
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4.2.2 UH-CIS6 peptide ELISA  

Two N-terminal biotinylated synthetic UH-CIS6 peptides (GL Biochem, Shanghai, 

China) with or without 6 additional amino acids of the phage vector 

(MPVVPATWEAETGESLEPGRRRLQ and QEFGTSMPVVPATWEAETGESLEPGRRRLQ) 

were used. An irrelevant peptide (WTKTPDGNFQLGGTEP) was purchased to 

correct for background reactivity.  

 

To determine human immunoglobulin G (IgG) antibody reactivity towards the 

biotinylated UH-CIS6 peptide, enzyme-linked immunosorbent assay (ELISA) 

plates coated with streptavidin (Nunc, Roskilde, Denmark) were used. First, 

ELISA plates were washed 3 times with 0.05% Tween 20 in phosphate-buffered 

saline (PBST). Subsequently, plates were coated with 0.5 μg/ml UH-CIS6 

peptide in PBST for 1 hour at room temperature (RT), while shaking. Plates were 

blocked in 5% (w/v) skimmed milk powder in PBS (MPBS) for 2 hours at 37°C, 

which was followed by washing of the plates. Subsequently, 100 μl 1:100 diluted 

serum or 1:1.33 diluted CSF was added to each well and incubated for 2 hours 

at RT, while shaking. After washing steps were repeated, 100 μl of a rabbit anti-

human IgG horse radish peroxidase (HRP) labeled antibody (diluted 1:2,000, 

Dako, Heverlee, Belgium) was added to detect the amount of bound human IgG 

(1 hour, shaking at RT). Colour development was started after the addition of 

100 μl 3,3’,5,5’ tetramethyl-benzidine dihydrochloride (TMB) solution 

(Perbioscience, Erembodegem, Belgium) and stopped with 50 μl 2N H2SO4. 

Plates were read at 450 nm in a Tecan plate reader (Tecan, Männedorf, 

Switzerland). 

  

4.2.3 Competition assays  

To confirm that UH-CIS6 phage particles and synthetic UH-CIS6 peptides 

contained identical epitopes, competition ELISA assays were performed as 

described previously 283. Briefly, 96-well ELISA plates (Greiner Bio-One, 

Wemmel, Belgium) were coated overnight at 4°C with 10 μg/ml anti-M13 

filamentous phage antibody (GE healthcare, Diegem, Belgium). Plates were 

blocked for 2 hours at 37 °C  with 2% MPBS. Next, 100 μl of polyethylene glycol 

purified UH-CIS6 phage particles (7*1011 colony forming units/ml) were added 

to each well and incubated for 1 hour at 37 °C, followed by 30 minutes at RT 
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while shaking. Meanwhile, pre-incubation mixtures were prepared in a separate 

96-well round bottom plate (Nunc). These mixtures consisted of 1:100 diluted 

UH-CIS6 antibody positive or negative serum sample (based on previously 

reported phage ELISA results 283) and increasing concentrations of UH-CIS6 or 

irrelevant peptide (0-10 μg/ml). Serum antibodies and peptides were allowed to 

interact for 1.5 hour (RT, shaking). Subsequently, 100 μl of each pre-incubation 

mixture was transferred to the ELISA plate (1 hour 37 °C, 30 minutes  RT 

shaking). The amount of bound IgG was then determined with 100 μl 1:2,000 

diluted goat-anti-human IgG HRP labeled antibody preadsorbed against mouse 

immunoglobulin G (IgG) (Life technologies, Merelbeke, Belgium). The remaining 

steps were performed as described for the UH-CIS6 peptide ELISA. 

 

4.2.4 Purification of anti-UH-CIS6 antibodies and total IgG 

To further study and characterize the target of UH-CIS6, a rabbit polyclonal anti-

UH-CIS6 antibody was purchased (Eurogentec, Seraing, Belgium). A Poros-A 

column (Life technologies) was used to purify total IgG from the pre-immune 

rabbit serum, which could be used as a negative control. To purify human anti-

UH-CIS6 antibodies, UH-CIS6 peptide was coupled to a HiTrap NHS-Activated HP 

colum (GE healthcare), according to manufacturer’s instructions. An Äkta Prime 

Plus device (GE healthcare) was used for purification. Rabbit and human serum 

was bound to the resin by addition of binding buffer (0.1 M glycine-sodium 

hydroxide, 3 M sodium chloride, pH 8.6 or 0.4 M sodium hydrogen carbonate, 

1.0 M sodium chloride, pH 8.3), followed by elution of rabbit IgG or human anti-

UH-CIS6 antibodies with elution buffer (0.1 M citric acid monohydrate, pH3 or 

100 mM glycine, pH3). Positive elution fractions were pooled and rabbit IgG was 

concentrated using Pierce Protein Concentrators (Thermo Scientific, 

Erembodegem, Belgium). Subsequently, IgG concentration was determined with 

the BCA protein assay kit (Thermo Scientific) or with a Nanodrop 2000 (Thermo 

Scientific). 

 

4.2.5 Preparation of human brain lysate 

A human brain lysate was prepared by homogenization of normal human brain 

tissue with a rotor-stator in RIPA lysis buffer (150 mM sodium chloride, 1% NP-

40 (Sigma-Aldrich, Bornem, Belgium), 0.5% sodium dioxycholate, 0.1%  sodium 
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dodecyl sulphate (SDS) 50 mM Tris, pH 8) supplemented with EDTA-free 

nuclease inhibitors (Roche Diagnostics, Vilvoorde, Belgium). Subsequently, the 

lysate was centrifuged and the protein concentration of the supernatant was 

determined with the BCA protein assay kit (Thermo Scientific), following 

manufacturer’s instructions. 

 

4.2.6 Immunoprecipitation  

To identify the in vivo antibody target for UH-CIS6, an immunoprecipitation (IP) 

procedure was performed with a rabbit polyclonal anti-UH-CIS6 antibody on a 

normal human brain lysate. To this end, the Pierce Crosslink 

Immunoprecipitation Kit (Thermo Scientific) was used according to 

manufacturer’s instructions with minor modifications. Briefly, 50 μg anti-UH-

CIS6 antibody diluted in tris-buffered saline (TBS) (0.025 M Tris, 0.15 M sodium 

chloride, pH 7.2) was coupled to 20 μl Protein A/G Plus Agarose overnight at 

4°C, followed by crosslinking of bound antibody. To remove aspecific binding, 

human brain lysates were precleared prior to the IP procedure. For this purpose, 

2 mg lysate was added to 160 μl control agarose resin (overnight at 4°C). Next, 

precleared lysate was added to the UH-CIS6 antibody coupled column and 

incubated overnight at 4°C. The antibody coupled column was washed, followed 

by 4 sequential elution steps. Elution fractions were neutralized with 1 M Tris 

(pH 9.5). 

 

4.2.7 Mass spectrometry 

IP elution fractions were separated by  sodium dodecyl sulfate (SDS) - 

polyacrylamide gel electrophoresis (PAGE) and proteins were stained with the 

Silverquest Silver Staining Kit, according to manufacturer’s recommendation 

(Life technologies). Protein bands were excised, separately trypsinized and 

resulting peptides were analyzed by nanoliquid chromatography mass 

spectrometry as previously described 286. Thus obtained peptide fragmentation 

spectra were searched in Proteome Discoverer v1.2 using Sequest v1.2.0.208 

and Mascot v2.4 against the International Protein Index Human database 

(v.3.87; 91464 entries). The output of both search engines was validated with 

Scaffold  v3.6.1.  
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4.2.8 Western blot  

Ten μg of a human coronin-1a overexpressing human embryonic kidney (HEK) 

lysate (Novus Biologicals, Cambridge, United Kingdom) or 1 μg purified human 

coronin-1a protein expressed in HEK cells (Origene, Rockville, USA) was 

separated by SDS-PAGE. Next, proteins were blotted onto a polyvinylidene 

difluoride (PVDF) membrane (Millipore, Brussels, Belgium), followed by a 

blocking step for 2 hours in 5% MPBS supplemented with 0.1% Tween. The 

rabbit anti-UH-CIS6 antibody (1:100), pre-immune rabbit IgG (1:100) and a 

commercial anti-coronin-1a antibody (1:250, Sigma Aldrich) were diluted in 

blocking buffer and incubated overnight at 4°C. After the PVDF membrane was 

washed several times with PBST, a swine anti-rabbit IgG HRP labeled antibody 

(diluted 1:1,000, Dako) was added and incubated for 2 hours at RT. Washing 

steps were repeated and bound antibody was visualized using the Pierce ECL 

Plus Western Blotting Substrate kit (Thermo Scientific). 

 

4.2.9 Coronin-1a ELISA 

Ninety-six well ELISA plates (Greiner Bio-One) were coated overnight at 4°C 

with 2 µg purified coronin-1a protein (Origene) in coating buffer (0,1 M sodium 

hydrogen carbonate pH 9.6). Plates were blocked with 2% MPBS for 2 hours at 

37 °C. Next, plates were washed 3 times with 0.1% PBST and once with PBS. 

Subsequently, the commercial anti-coronin-1a antibody (Sigma Aldrich) was 

diluted 1:690, the rabbit polyclonal anti-UH-CIS6 antibody 1:20 (stock 1 

mg/ml), pre-immune rabbit IgG 1:100 (stock 5 mg/ml), and purified human 

anti-UH-CIS6 antibodies 1:5 (stock 0.2 mg/ml) and 100 μl diluted antibody was 

added to each well and incubated for 2 hours at RT while shaking. Plates were 

washed and 100 μl swine anti-rabbit IgG HRP labeled antibody (diluted 1:1,000, 

Dako) or rabbit anti-human IgG HRP labeled antibody (diluted 1:2,000, Dako) 

was added (1 hour, RT, shaking). The remaining steps were performed as 

described for the UH-CIS6 peptide ELISA. 

 

4.2.10 Immunohistochemistry 

Frozen tissue sections from human MS brain and normal white matter from a 

non-demented neurological control were used to investigate coronin-1a 

expression. Sections were fixed with aceton and blocked with serum-free protein 
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block (Dako). Next, sections were incubated with primary antibodies (coronin-

1a: 1:1,000 (Sigma Aldrich), proteolipid protein (PLP) : 1:500 (Serotec, 

Düsseldorf, Germany), major histocompatibility complex class II (MHC II: HLA-

DP, DQ, DR) 1:100 (Dako)) for 1.5 hour at RT. To detect binding, the Envision 

Dual Link System-HRP (Dako) was used, followed by staining with (3,3’-

diaminobenzidine) DAB chromogen solution (Dako). Hematoxylin was used as 

counterstaining. In addition, a double staining was performed for coronin-1a and 

MHC II. Antibodies were incubated simultaneously overnight at 4°C. As 

secondary antibodies, a goat anti-rabbit Alexa 488 (1:250, Life Technologies) 

and a goat anti-mouse Alexa 555 (1:250, Life Technologies) fluorescent labeled 

antibody were used. A nuclear staining was performed with 4’, 6-diamidino-2-

phenylindole (DAPI). Stained tissue sections were evaluated with a Nikon Eclipse 

80i microscope (Nikon, Tokyo, Japan) and NIS-Elements Basic Research 

Software (Nikon, Tokyo, Japan). 

 

4.2.11 Statistics 

Graph Pad Prism 5 software (GraphPad software, La Jolla, USA) was used for 

statistical analysis. ELISA data were analyzed with the Kruskall Wallis test, 

followed by Dunn’s multiple comparison test. The cut-off for a positive UH-CIS6 

sample was set at 3 times the standard deviation (SD) above the mean OD 

signal  obtained for NIND and OIND samples. Putative associations between 

antibody reactivity and disease were analyzed using the Fisher’s exact test. In 

addition, associations between antibody reactivity and clinical parameters were 

examined. An unpaired two-tailed student t-test or Mann Whitney test was used 

for demographical variables, while the Fisher’s exact test was used for 

categorical variables. A p-value smaller than 0.05 was considered significant. 
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4.3 Results 

4.3.1 Development of a peptide ELISA for UH-CIS6 

In order to further validate the potential of UH-CIS6 as an antibody target in CIS 

and MS, we aimed to screen both CIS and MS patients for anti-UH-CIS6 

antibody reactivity in a peptide ELISA format. First, the peptide ELISA was 

optimized. Two biotinylated UH-CIS6 peptides, with and without linker were 

tested. This linker consisted of 6 additional amino acids of the phage vector and 

may further improve the accessibility of the epitope. 

 

As shown in Figure 4.1A, antibody reactivity towards UH-CIS6 could be detected 

with both UH-CIS6 peptides. A clear increase in the OD signal could be observed 

for the UH-CIS6 peptide with linker as compared with the UH-CIS6 peptide 

without linker. Moreover, OD signals increased 2-6 fold for the antibody positive 

sample with biotinylated UH-CIS6 peptides as compared with unbiotinylated UH-

CIS6 peptides with and without linker (data not shown). Competition assays 

revealed that both UH-CIS6 peptides were able to compete with UH-CIS6 phage 

particles, which confirmed that the UH-CIS6 peptides and phage particles 

contain identical epitopes (Figure 3.1B). Based on these results the biotinylated 

UH-CIS6 peptide with linker was used in further experiments. 

 

To validate the UH-CIS6 peptide ELISA, 52 CSF samples (17 CIS and 17 MS 

patients, 18 neurological controls) were tested with both peptide and phage 

ELISA assays (data not shown). Two CIS patients and 2 neurological controls 

tested positive using the UH-CIS6 phage ELISA. These samples tested also 

positive when using the UH-CIS6 peptide ELISA. Interestingly, 6 additional UH-

CIS6 antibody positive samples (3 CIS and 3 MS patients) were identified using 

the UH-CIS6 peptide ELISA, demonstrating an increased sensitivity of the UH-

CIS6 peptide ELISA. 
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Figure 4.1: Development of the UH-CIS6 peptide ELISA. An antibody positive and 
negative serum sample were selected based on UH-CIS6 phage ELISA results. A. Antibody 
reactivity towards the UH-CIS6 peptides could be demonstrated for the antibody positive 
sample, while no anti-UH-CIS6 antibody reactivity was observed for the antibody negative 
sample. Addition of the linker markedly increased the observed OD signal for the antibody 
positive sample. B. Both UH-CIS6 peptides were able to compete with UH-CIS6 phage 
particles and contained the epitope of the UH-CIS6 phage. 
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4.3.2 CSF antibody reactivity towards UH-CIS6 in CIS and MS patients 

Using the UH-CIS6 peptide ELISA, antibody reactivity towards UH-CIS6 was 

evaluated in CSF samples from 20 CIS, 31 RR-MS, 7 PP-MS and 5 SP-MS 

patients. In addition, anti-UH-CIS6 antibody reactivity was analyzed in CSF 

samples from 26 NIND and 16 OIND patients. This cohort also contained CSF 

samples  that were used for the validation of the UH-CIS6 peptide ELISA. Five 

CIS patients (25%), 7 RR-MS patients (23%) and 1 SP-MS patient (20%) tested 

positive for anti-UH-CIS6 antibodies. On the other hand, 3 neurological controls 

(7%), diagnosed with epilepsy (n=2) and papilla edema (n=1), also displayed 

antibody reactivity towards UH-CIS6 (Figure 4.2A). As shown in Figure 4.2B, the 

number of antibody positive CIS and RR-MS patients was significantly increased 

as compared to controls (24% versus 7%, Fisher’s exact test: p=0.046). No 

correlation between antibody reactivity towards UH-CIS6 and clinical parameters 

was detected (data not shown). In conclusion, antibody reactivity towards UH-

CIS6 could be primarily detected in CSF from CIS and RR-MS patients. Thus, 

these findings confirm that UH-CIS6 is a candidate antibody target for CIS and 

RR-MS. 

 

Clinical follow-up revealed that 15 out of 20 CIS patients developed MS. 

Interestingly, all CIS patients that tested positive for antibody reactivity towards 

UH-CIS6 progressed to MS, which may indicate that UH-CIS6 could serve as a 

prognostic marker. However, the number of CIS patients should be expanded in 

the future to further investigate whether antibody reactivity towards UH-CIS6 

has prognostic potential to predict conversion to MS. 
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Figure 4.2: CSF antibody reactivity towards UH-CIS6. A. The UH-CIS6 peptide ELISA 
was used to detect anti-UH-CIS6 antibody reactivity in CSF from patients with CIS, MS and 
other (inflammatory) neurological diseases (NIND and OIND). Measurements were 
performed in duplicate and mean values are shown. Lines indicate mean antibody levels. 
The cut-off for a positive sample (dash line) was set at 3 times the SD above the mean OD 
signal obtained for NIND and OIND samples. B. CSF samples from a significant larger 
proportion of CIS and RR-MS patients tested positive for UH-CIS6 as compared with 
neurological controls. * indicates a p-value<0.05. 
 

4.3.3 Identification of coronin-1a as the antibody target for UH-CIS6 

To identify the in vivo antibody target corresponding to UH-CIS6, a polyclonal 

rabbit anti-UH-CIS6 antibody was generated. First, we tested whether this 

polyclonal rabbit anti-UH-CIS6 antibody bound the same epitope as human anti-

UH-CIS6 antibodies. Competition assays revealed that the anti-UH-CIS6 

polyclonal rabbit antibody and human anti-UH-CIS6 antibodies indeed bound the 

same epitope (Figure 4.3). Therefore, the polyclonal rabbit anti-UH-CIS6 

antibody was suitable to characterize and identify the in vivo antibody target of 

UH-CIS6. 
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Figure 4.3: Identical epitope for rabbit and human anti-UH-CIS6 antibodies. A 
human serum sample positive for UH-CIS6 was pre-incubated with increasing amounts of 
the rabbit anti-UH-CIS6 antibody. The rabbit anti-UH-CIS6 antibody competed with the 
human anti-UH-CIS6 antibodies as increasing amounts of the rabbit anti-UH-CIS6 antibody 
led to a strong decrease in bound human anti-UH-CIS6 antibodies. Measurements were 
performed in duplicate and mean values are shown. 
 

Next, to identify the in vivo antibody target for UH-CIS6, a normal brain lysate 

was immunoprecipitated with the rabbit anti-UH-CIS6 antibody. SDS-PAGE 

followed by mass spectrometric analysis of obtained  precipitates identified the 

peptide ‘AAPEASGTPSSDAVSR‘ with a peptide probability of 95% corresponding 

to amino acids 417 - 432 of coronin-1a (Figure 4.4). 
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Figure 4.4: Peptide mass spectrum for coronin-1a. Immunoprecipitation output was 
analyzed by mass spectrometry. N-terminal b and C-terminal y fragment ions are 
indicated as well as corresponding amino acids. This revealed the identification of the 
peptide “AAPEASGTPSSDAVSR”  identical to amino acid 417- 432 of coronin-1a.  
 
 
4.3.4 Confirmation of coronin-1a as an antibody target in CIS and MS 

To confirm coronin-1a as the in vivo antibody target for UH-CIS6, an in silico 

alignment of the amino acid sequence of UH-CIS6 and coronin-1a was 

performed (http://blast.ncbi.nlm.nih.gov/). This led to the identification of a 

shared protein motif, which could represent the UH-CIS6/coronin-1a epitope 

(Figure 4.5A). Furthermore, binding of the rabbit anti-UH-CIS6 antibody to 

coronin-1a could be demonstrated by Western blot analysis on purified coronin-

1a protein and a coronin-1a overexpressing lysate (Figure 4.5B,C). In addition, 

these findings could be confirmed by ELISA (Figure 4.5D). To investigate 

whether human anti-UH-CIS6 antibodies also displayed reactivity towards 

coronin-1a, anti-UH-CIS6 antibodies were purified from a UH-CIS6 positive 

human serum sample and tested by ELISA. As shown in Figure 4.5D, the human 

anti-UH-CIS6 antibodies were also positive for coronin-1a. In conclusion, UH-

CIS6 was found to correspond to coronin-1a, which represents a novel antibody 

target for CIS and MS. In the future, the antibody response towards coronin-1a 

should be analyzed into more detail by analysis of anti-coronin-1a antibody 

reactivity in serum and CSF samples from patients with CIS and MS. 
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Figure 4.5: Confirmation of anti-UH-CIS6 antibody binding towards coronin-1a.  
A. Alignment of UH-CIS6 and coronin-1a protein sequences (Swiss prot accession number 
P31146) led to the identification of a shared protein motif (indicated in bold). B. Western 
blot analysis with the rabbit anti-UH-CIS6 antibody on a human coronin-1a overexpressing 
lysate revealed the presence of a band with a molecular weight similar to coronin-1a. This 
band was absent in Western blot analysis with the anti-UH-CIS6 antibody on a control 
lysate without coronin-1a overexpression. C. Binding of the rabbit anti-UH-CIS6 antibody 
to coronin-1a could be confirmed by Western blot analysis on purified human coronin-1a 
protein. A commercial anti-coronin-1a antibody was used as a positive control. Pre-
immune IgG from the rabbit used for UH-CIS6 immunization was used as a negative 
control D. Binding to coronin-1a and anti-UH-CIS6 antibodies could also be demonstrated 
by ELISA. Moreover, purified human anti-UH-CIS6 antibodies were also positive for 
coronin-1a. 
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4.3.5 Expression of coronin-1a in MS brain 

Immunohistochemistry was performed to investigate the expression pattern of 

coronin-1a in human brain samples. An active MS lesion, characterized by 

reduced PLP and increased MHC II expression (Figure 4.6A,B), contained many 

coronin-1a immunopositive cells (Figure 4.6C). Coronin-1a expression was 

markedly increased inside the demyelinated MS lesion as compared with 

surrounding normal appearing white matter (NAWM). In NAWM, microglia were 

decorated with anti-coronin-1a expression (Figure 4.6D), which was similar to 

normal white matter from a non-demented neurological control (data not 

shown). Within the active MS lesion, coronin-1a expression was restricted to 

macrophages and T cells (Figure 4.6E). Moreover, double positive coronin-1a 

and MHC II cells were identified (Figure 4.6F). These results demonstrate that 

coronin-1a immunoreactivity is enhanced and predominantly expressed by 

infiltrated immune cells in active MS lesions. 

 

 
Figure 4.6: Expression of coronin-1a in MS brain. An active MS lesion is shown, 
reflected by reduced PLP expression (A) and a strong increase in MHC II immunoreactivity 
(B). Coronin-1a expression was increased inside the active lesion as compared to the 
surrounding NAWM (C). When the primary antibody was omitted no staining was visible 
(data not shown). Resting microglia in NAWM were positive for coronin-1a (D), whereas 
inside the lesion coronin-1a expression was found in macrophages (arrow) and T cells 
(asterisk) (E). Furthermore, double positive coronin-1a (green) and MHC II (red) cells 
were identified (F). Representative images are shown. Images are 40X (A-C) and 400X (D-
F) magnified. 
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4.4 Discussion 

In a previous study, we identified UH-CIS6 as a novel candidate antibody target 

for CIS and MS. Therefore, the goal of this study was to further characterize UH-

CIS6. First, we developed a sensitive peptide ELISA to detect antibody reactivity 

towards UH-CIS6. Using this ELISA, anti-UH-CIS6 antibody reactivity could be 

detected in CSF samples from a significantly increased proportion of CIS and RR-

MS patients as compared with neurological controls. Since UH-CIS6 encodes a 

mimotope, we also aimed to identify the in vivo antibody target for UH-CIS6. To 

this end, immunoprecipitation of a rabbit anti-UH-CIS6 antibody on a normal 

human brain lysate was performed, which led to the identification of coronin-1a 

as the in vivo antibody target for UH-CIS6.  Binding of the rabbit anti-UH-CIS6 

antibody to coronin-1a could be confirmed by Western blot analysis and ELISA. 

Moreover, purified human anti-UH-CIS6 antibodies also bound coronin-1a. In 

addition, coronin-1a positive T cells and macrophages were identified inside an 

active MS lesion which demonstrates the presence of coronin-1a expression in 

MS brain. Therefore, coronin-1a represents a novel antibody target for CIS and 

MS.  

 

In this study, a sensitive UH-CIS6 peptide ELISA was developed. The improved 

sensitivity of the peptide ELISA as compared with the phage ELISA was 

demonstrated by the identification of a higher number of UH-CIS6 antibody 

positive samples (10 versus 4). This may also clarify why the percentage of UH-

CIS6 antibody positive CSF samples from CIS and RR-MS patients was increased 

as compared to findings reported in our previous study (25% vs. 7% and 23% 

vs. 2%) 283. 

 

Antibody reactivity towards UH-CIS6 was detected in a significantly larger 

proportion of CSF samples from CIS and RR-MS patients as compared with 

neurological controls. Interestingly, all CIS patients that tested positive for 

antibody reactivity towards UH-CIS6 progressed to MS. These findings further 

support the possible prognostic potential of UH-CIS6 to predict conversion to MS 

as was demonstrated in our previous study 283. However, the number of CIS 

patients should be expanded in the future, to further investigate the prognostic 
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potential of anti-UH-CIS6 antibody reactivity. In this way, it would be relevant to 

investigate whether antibody reactivity towards UH-CIS6 associates with disease 

activity and if a higher anti-UH-CIS6 antibody response correlates with a more 

rapid conversion to MS.  

 

Coronin-1a was identified as the in vivo antibody target for UH-CIS6. Coronin-

1a, primarily expressed in hematopoietic cells, has been proposed to be an actin 

regulatory protein, which functions as a bridging protein between plasma 

membrane domains and the dynamic actin cytoskeleton of leukocytes and may 

allow for the remodeling of the cytoskeleton in response to outside signals 

transmitted into leukocytes 287. However, coronin-1a may also have actin-

independent functions 288.  In T cells, a role for coronin-1a has been recognized 

in survival through promotion of Ca2+ mobilization form intracellular stores 288 

and in T cell receptor induced immunological synapse formation and signaling 
289. In addition, coronin-1a is expressed in macrophages, where it has been 

associated with survival of mycobacteria within phagosomes 290, Ca2+ dependent 

signaling processes 291 and with lipoprotein uptake and degradation 292. Finally, 

coronin-1a has been implicated in phagocytosis in neutrophils 293. Mutations in 

coronin-1a have been described in an individual with severe combined 

immunodeficiency 294, 295 and in 3 siblings with immunodeficiency and EBV-

associated B-cell lymphoproliferation 296, which suggest a key role for coronin-1a 

in the immune system. Furthermore, coronin-1a deficient mice did not develop 

experimental autoimmune encephalomyelitis (EAE), the animal model of MS 

after immunization with MOG35-55 297, although after re-immunization coronin-1a 

deficient mice exhibited enhanced EAE signs that correlated with increased 

number of interleukin 17 (IL-17) producing CD4+ cells in the CNS 298. 

 

Up till now, coronin-1a has not been associated with antibody reactivity in 

humans. On the other hand, antibody reactivity towards coronin-1a has been 

observed after T-cell vaccination in mice 299. To our knowledge, antibody 

reactivity towards proteins which are primarily expressed in immune cells, such 

as coronin-1a, has not been described yet in CIS and MS. In other diseases, 

however, antibody reactivity towards such antibody targets has been reported. 

For example anti-neutrophil cytoplasmic antibodies (ANCAs) directed towards 
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antigens expressed in neutrophils and monocytes, have been described in 

diseases such as vasculitis, rheumatoid arthritis and inflammatory bowel disease 
300, 301, 302. Once ANCAs have bound their target antigen, intracellular molecules 

are recruited to activate the neutrophil, which will lead for example to 

degranulation, super-oxide generation and cytokine production 303. Apart from 

these pathogenic effects, antibodies may have protective effects as well. For 

instance, immunoglobulin M (IgM) antibodies towards neurons have been shown 

to promote axonal outgrowth and improve functional recovery in a mouse model 

of MS 193. Whether anti-coronin-1a antibodies have pathogenic effects and 

mediate activation of immune cells or have protective properties by blocking the 

inflammatory response, needs to be examined in future studies. Alternatively, 

the presence of anti-coronin-1a antibodies may represent an epiphenomenon 

caused by the infiltration of coronin-1a expressing immune cells in MS brain. To 

this end, anti-coronin-1a antibodies may be injected into animals with EAE. It 

may be also interesting to investigate how antibodies can be generated towards 

an intracellular protein such as coronin-1a. Several hypotheses on the 

generation of an antibody response towards intracellular proteins have been 

proposed 304. Such antibodies may be generated by dysregulation of the immune 

system, which causes expansion of polyreactive natural antibodies. Apoptosis 

may result in exposure of intracellular antigens on the cell surface or release 

into the extracellular environment. Furthermore, alterations in epigenetic 

modifications, such as DNA methylation, histon acetylation and microRNA 

expression, as well as molecular mimicry to extracellular or foreign antibody 

targets may cause an antibody response towards intracellular targets. Moreover, 

antibody reactivity towards other intracellular targets has already been 

described in MS 144, 150, 151, 176.   

  

In summary, antibody reactivity towards UH-CIS6 was detected in CSF from a 

significantly increased proportion of CIS and RR-MS patients as compared with 

neurological controls. Coronin-1a was identified as the in vivo antibody target for 

UH-CIS6, which represents a novel antibody target for CIS and MS. Future 

research is needed to fully explore the role of an anti-coronin-1a antibody 

response in the pathogenesis of CIS and MS. In addition, studies should be 
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performed to investigate the prognostic potential of anti-coronin-1a antibody 

reactivity to predict conversion to MS in CIS patients. 
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Abstract 

Clinically isolated syndrome (CIS) is a possible first presentation of multiple 

sclerosis (MS). Autoantibody reactivity has been detected in cerebrospinal fluid 

and serum from CIS patients. However, the antibody response towards several 

MS autoantibody targets is unknown in CIS. The aim of this study was to further 

investigate the antibody response towards candidate CIS antibody target UH-

CIS6 in serum from CIS patients and compare this with the antibody response 

towards MS antibody targets sperm associated antigen 16 (SPAG16), 

neurofilament-light (NF-L) and neurofascin (NF). Antibody reactivity towards the 

panel of 4 antibody targets was measured in serum from CIS (n=92) patients 

and healthy subjects (n=77) by ELISA. Fourteen CIS patients tested positive for 

UH-CIS6 (15%), 12 patients for SPAG16 (13%), 6 patients for NF-L (7%) and 7 

patients for NF (8%), while a specificity of 90-95% was obtained (SPAG16:95%, 

UH-CIS6:90%, NF-L: 94% and NF: 95%). Furthermore, although not significant, 

a trend for mean increased antibody levels towards UH-CIS6 was observed 

(p=0.08) in CIS patients as compared with healthy controls. Anti-UH-CIS6 

antibody reactivity correlated with an increase in IgG concentration of paired 

cerebrospinal fluid (p=0.012). In conclusion, UH-CIS6 and SPAG16 may 

represent candidate autoantibody targets for CIS.
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5.1 Introduction 

Clinically isolated syndrome (CIS) is an episode of neurological disturbance due 

to a single white matter lesion and can be an early manifestation of multiple 

sclerosis (MS) 7. In CIS patients the optic nerve, brainstem, cerebellum, spinal 

cord or cerebral hemispheres may be affected 4. Similar to MS, the 

(auto)antibody response may play an important role in CIS. For instance, 

oligoclonal band (OCB) antibodies have been detected in the cerebrospinal fluid 

(CSF) of CIS patients and antibody reactivity towards myelin and other viral 

proteins has been observed 68, 116, 121, 177, 305. Additional antibody targets have 

been identified in MS, although their sensitivity and specificity in CIS is currently 

unknown. 

 

In a recent study, we identified UH-CIS6 as a novel candidate antibody target 

for CIS and MS by application of a phage display approach 283. Elevated antibody 

levels towards UH-CIS6 were detected in both cerebrospinal fluid (CSF) and 

serum from a subset of CIS and RR-MS patients 283. UH-CIS6 encodes for a 24 

amino acid mimotope and we recently identified and confirmed coronin-1a as 

the in vivo antibody target for UH-CIS6. 

   

Previously, our group also identified sperm associated antigen 16 (SPAG16) 

isoform 2 as an antibody target in MS. Elevated antibody levels towards SPAG16 

were detected in serum and CSF samples from MS patients 115, 191. In addition, 

disease exacerbating effects have been observed after adoptive transfer of anti-

SPAG16 antibodies in mice with experimental autoimmune encephalomyelitis, 

the animal model of MS 191. However, in CIS patients the antibody response 

towards SPAG16 is unknown.  

 

Neurofilament-light (NF-L) and neurofascin (NF) are other examples of antibody 

targets to which increased antibody reactivity has been demonstrated in MS 138, 

143, 144, 145. Although antibody reactivity towards these targets has been identified 

in several patients with CIS or possible MS, confirmation is lacking 138, 143. 

Therefore, detailed investigation onto the antibody reactivity towards NF-L and 

NF in CIS is mandatory. 
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Accurate assays are a prerequisite to measure the antibody response towards a 

particular antibody target in human samples. Non-human proteins used in a test 

should display a large degree of homology to the tested human antibody targets 

and the natural conformation of a protein should be preserved. For instance, 

different results were obtained by enzyme-linked immunosorbent assay (ELISA) 

and cell based assays used for detection of antibody reactivity towards myelin 

oligodendrocyte glycoprotein (MOG) 240, another antibody target in MS. 

 

The aim of this study was to further explore the antibody response towards UH-

CIS6 in serum from CIS patients and healthy controls (HC) by using a UH-CIS6 

peptide ELISA. Furthermore, the antibody response towards MS antibody targets 

SPAG16, NF-L and NF was examined in the same cohort in order to compare 

antibody reactivity. Moreover, we analyzed putative correlations between clinical 

parameters and antibody reactivity as well as whether antibody reactivity could 

predict conversion to MS. 
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5.2 Materials and methods 

5.2.1 Patient material  

Serum samples from 92 CIS patients and 77 HC were collected to evaluate the 

antibody response towards UH-CIS6, SPAG16, NF-L and NF (Table 5.1). A subset 

of this HC cohort, consisting of 47 healthy subjects was used for the NF 

screening. CIS and MS diagnosis was established according to McDonald criteria 
14, 15. In general, CIS patients were clinically followed for 2 years. This study was 

approved by the ethics committee of Hasselt University.   
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5.2.2 Recombinant SPAG16 production 

Recombinantly expressed full-length SPAG16 isoform 2 was produced as a fusion 

protein to thioredoxin using the pBAD/TOPO ThioFusion Expression Kit (Life 

Technologies, Merelbeke, Belgium) as described 306. In brief, the cDNA sequence 

corresponding to human full length SPAG16 isoform 2 was cloned into the 

pBAD/TOPO ThioFusion vector and transformed into TOP10 E.coli bacteria. Next, 

the SPAG16 construct was transformed into LMG194 E.coli bacteria. LMG 

bacterial cells were grown to an OD600=0,5 and recombinant SPAG16 expression 

was induced by the addition of 0,2% arabinose. Bacterial cells were lysed using 

a guanidium chloride containing lysis buffer (6 M guanidium chloride, 20 mM 

sodium phosphate, 500 mM sodium chloride, pH 7.8). Next, recombinant 

SPAG16 protein was purified with Ni-NTA sepharose beads (IBA, Leusden, the 

Netherlands). In addition, thioredoxin was produced by transformation of the 

empty pBAD/TOPOThioFusion vector into LMG194 bacteria. In this way, a 

compensation could be performed for aspecific reactivity. 

 

5.2.3 ELISA assays to detect antibody reactivity towards SPAG16, NF-L, 

NF and UH-CIS6 

Ninety-six well ELISA plates (Greiner Bio-One, Wemmel, Belgium) were coated 

overnight at 4°C with protein in coating buffer (0.1 M sodium hydrogen 

carbonate pH 9.6). To this end, 1 μg/ml SPAG16/thioredoxin, 2.5 μg/ml bovine 

NF-L (Progen, Heidelberg, Germany) or 2.5 μg/ml rat NF (R&D systems, 

Abingdon, United Kingdom) was used. Plates were washed twice with PBS and 

blocked with skimmed milk powder in phosphate-buffered saline (MPBS) (2% 

(w/v) SPAG16, 5% NF-L and NF) for 2 hours at 37 °C while shaking. Next, 

plates were washed 3 times with 0.1% PBS Tween20 (PBST) and once with PBS. 

Serum samples were diluted 1:100 (SPAG16 and NF-L) or 1:200 (NF) in MPBS 

and 100 μl was added to each well (2 hours at room temperature (RT), 

shaking). Subsequently, plates were washed and 100 μl rabbit anti-human 

immunoglobulin G (IgG) horse radish peroxidase (HRP) labeled antibody (diluted 

1:2,000, Dako, Heverlee, Belgium) was added (1 hour, RT, shaking). Washing 

steps were repeated and the colour reaction was started by the addition of 100 

μl of 3,3’,5,5’ tetramethyl-benzidine dihydrochloride (TMB) solution 

(Perbioscience, Erembodegem, Belgium). Subsequently, the colour reaction was 



Chapter 5 

112 
 

stopped with 50 μl 2N H2SO4. Plates were read at 450 nm in a Tecan plate 

reader (Tecan, Männedorf, Switzerland). 

 

A biotinylated synthetic peptide corresponding to UH-CIS6 was generated (GL 

Biochem, Shanghai, Belgium). Prior to coating of the UH-CIS6 peptide, 96-well 

ELISA plates coated with streptavidin (Nunc, Roskilde, Denmark)  were washed 

3 times with 0.05% PBST. Next, plates were coated with 0.5 μg/ml UH-CIS6 

peptide (GL Biochem, Shanghai, China) in 0.05% PBST for 1 hour at RT while 

shaking. Subsequently, washing steps were repeated. Serum samples were 

diluted 1:100 and 100 μl was added to each well (2 hours at RT, shaking). The 

remaining steps were performed as described for the other ELISA assays. 

 

5.2.4 Statistics 

Graphpad prism 5 software (GraphPad software, La Jolla, USA) was applied for 

statistical analysis. The cut-off for a positive sample was set at 3 times the 

standard deviation (SD) above the mean OD signal obtained for HC samples. 

Mean antibody levels between CIS patients and healthy controls were compared 

with the Mann-Whitney test. To investigate differences in clinical parameters 

between CIS patients with and without conversion to MS, the Fisher’s exact test 

was used. Correlations between antibody reactivity of the tested antibody 

targets was investigated by a Spearman’s rank test. The IgG index was 

calculated by dividing the quotient of CSF IgG and serum IgG by the quotient of 

CSF albumin and serum albumin. An IgG index >0.7 was considered elevated 

and indicative of antibody production. 

 

In addition, SAS 9.2 (SAS Institute Inc, Cary, USA) was applied to study 

putative correlations between antibody reactivity and clinical parameters. 

Correlations between antibody reactivity towards the tested antibody targets in 

CIS patients and their clinical parameters were measured by an univariate 

statistical model. In addition, linear mixed models were built to study the 

relationship between combined results for the antibody targets and clinical 

parameters. Whether antibody reactivity towards the tested antibody targets 

predicted conversion to MS was investigated via multiple logistic regression 

models. A p-value smaller than 0.05 was considered significant. 
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5.3 Results 

5.3.1 The serum antibody response towards SPAG16, UH-CIS6, NF-L and 

NF in CIS  

The antibody response towards UH-CIS6, SPAG16, NF-L and NF was investigated 

in serum from 92 CIS patients and 77 HC (47 HC were included in the NF 

screening). Fourteen CIS patients tested positive for UH-CIS6 (15%), 12 

patients for SPAG16 (13%), 6 patients for NF-L (7%) and 7 patients for NF 

(8%). A specificity of 90-95% was obtained (UH-CIS6:90%, SPAG16:95%, NF-

L: 94% and NF: 95%). The sensitivity could be further increased to 26% by 

combining UH-CIS6 and SPAG16, while a specificity of 84% was maintained. 

Although not significant, a trend for an increase in mean anti-UH-CIS6 antibody 

levels was present in CIS patients as compared with healthy subjects (p=0.08). 

Although a subset of CIS patients clearly demonstrated increased antibody 

reactivity towards SPAG16, mean anti-SPAG16 antibody levels did not differ 

between CIS patients and controls (p=0.56). For NF-L and NF, antibody levels 

were similar among CIS patients and healthy controls (p=0.87 and p=0.93).  

 

As shown in Table 5.2 , no correlation between antibody reactivity towards the 

tested antibody targets was detected. Furthermore, individual CIS patients and 

healthy subjects displayed only occasionally antibody reactivity towards multiple 

antibody targets. 

 

Table 5.2: Correlation between antibody reactivity towards SPAG16, UH-CIS6, 

NF-L and NF in CIS patients 

 

 
SPAG16 

 
UH-CIS6 

 
NF-L 

 
NF 

 
 
SPAG16 - 0.67 0.57 0.19 
UH-CIS6  0.67a - 0.78 0.21 
NF-L 0.57 0.78 - 0.21 
NF 
 

0.19 
 

0.21 
 

0.21 
 

- 
 

aDisplayed values represent p-values of the Spearman’s rank test 
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Figure 5.1: Serum antibody reactivity towards candidate autoantibody targets 
UH-CIS6, SPAG16, NF-L and NF in CIS patients and HC. The cut-off for a positive 
sample was set at 3 times the standard deviation (SD) above the mean OD signal obtained 
for HC samples (dash line). Displayed OD450 values for SPAG16 are mean OD450 SPAG16 
signal – OD450 Thio signals, while for UH-CIS6, NF-L and NF mean OD450 values are 
shown. Red lines indicate mean OD450 value for a given group. Samples were excluded 
for analysis when the intra-assay coefficient of variation (CV) was >20% for duplicates. 

 

5.3.2 Correlations between antibody reactivity towards UH-CIS6, 

SPAG16, NF-L and NF and clinical parameters 

To investigate whether a correlation was present between antibody reactivity 

towards individual antibody targets and clinical parameters, statistical models 

were built. Anti-UH-CIS6 antibody reactivity correlated with an increase in IgG 

levels of paired CSF samples (p=0.01), which may imply an intrathecal antibody 

production in the CSF. Data on the IgG index were available for 4 CIS patients. 
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One of these CIS patients tested positive for antibodies towards UH-CIS6 and 

displayed an elevated IgG index of 2.1, which supports the presence of 

intrathecal antibody production. However, it should be kept in mind that this 

calculation is based on the total IgG repertoire.  

  

Despite the observation that a group of CIS patients clearly displayed increased 

antibody reactivity towards SPAG16, no correlation was found between antibody 

reactivity and any of the tested clinical parameters (gender, age, disease 

duration, expanded disability disease scale score, serum IgG levels, paired CSF 

IgG levels and the presence of unique CSF OCB). In addition, correlations were 

absent for clinical parameters and antibody reactivity towards NF-L, NF or 

combined results for the 4 antibody targets. 

 

Since there is an ongoing need to identify markers that can predict progression 

to MS, we investigated whether antibody reactivity towards the tested antibody 

targets correlated with MS development in CIS patients. Clinical follow-up 

information revealed that 47/92 (51%) of the CIS patients developed MS. The 

percentage of CSF samples with unique OCB was significantly increased in the 

CIS group with conversion to MS as compared with the CIS patients without 

disease progression (p<0.0001, Fisher’s exact test) (Table 1). However, no 

association between conversion to MS and antibody reactivity towards UH-CIS6, 

SPAG16, NF-L and/or NF was detected. 
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5.4 Discussion 

In this study, we investigated the antibody response towards UH-CIS6 in serum 

from CIS patients and compared this with the antibody response towards MS 

autoantibody targets SPAG16, NF-L and NF. For UH-CIS6 a sensitivity of 15% 

and a sensitivity of 90% was obtained. Thirteen % of the CIS patients displayed 

antibody reactivity towards SPAG16 (specificity 95%), 7% towards NF-L 

(specificity 94%) and 8% towards NF (specificity 95%). Furthermore, although 

not significant, a trend for an increase in mean anti-UH-CIS6 antibody levels 

was observed in CIS patients as compared with healthy controls. Moreover, the 

anti-UH-CIS6 antibody response in serum correlated with an increase in IgG of 

paired CSF samples.  

 

A trend for increased antibody levels towards UH-CIS6 was observed in serum 

from CIS patients, which is consistent with previous results 283. Elevated anti-

UH-CIS6 antibody levels correlated with increased IgG levels in paired CSF 

samples, which suggests a local CSF production of anti-UH-CIS6 antibodies in 

CSF. This is further supported by our previous study described in chapter 4 in 

which we demonstrated increased anti-UH-CIS6 antibody levels in CSF from CIS 

and RR-MS patients. However in the future, the antibody index should be 

calculated to further investigate whether anti-UH-CIS6 antibodies are produced 

intrathecally. A local antibody response in the CSF has also been demonstrated 

for other antibody targets in CIS and MS, such as the Epstein-Barr virus 160 and 

the human herpesvirus 6 307.  

 

Increased antibody reactivity towards SPAG16 could be demonstrated in a 

subset of serum from CIS patients, which is in line with previous finding on the 

SPAG16 antibody response in serum from MS patients 191. Even though clearly 

elevated antibody levels were present in a subgroup of CIS patients, a 

correlation between clinical parameters and the SPAG16 antibody response was 

absent. Two isoforms of SPAG16 have been described and experimentally 

validated; isoform 2 represents a shorter variant of isoform 1. SPAG16 isoform 2 

was initially identified as a candidate antibody target for MS, but antibody 

reactivity to SPAG16 isoform 1 could also be confirmed (unpublished 
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observations). Little is known about the function of SPAG16 isoform 2, while 

SPAG16 isoform 1 has been demonstrated to be an essential component of the 

axoneme, a microtubular complex, which can be found in cilia and flagella and is 

involved fertility and spermatogenesis 308, 309. The role of SPAG16 in MS is 

currently investigated, but it can be hypothesized that SPAG16 is part of the 

microtubule system in cells present in brain. Moreover, other cytoskeletal 

components such as neurofilament proteins and tubulin have already been 

recognized as antibody targets in MS 146, 147, 150. 

 

The serum antibody response towards NF-L was similar among CIS patients and 

healthy controls. These results are in agreement with findings described by 

Bartos and colleagues 143. Antibody reactivity towards NF-L in CSF may be the 

consequence of an increase in NF-L protein levels in CSF, which is suggested to 

be the result of axonal damage. NF-L antibody reactivity may be restricted to 

the CSF compartment and only be additionally present in serum when a certain 

threshold of axonal damage is reached. Indeed, elevated anti-NF-L antibody 

levels in serum have been reported in patients with progressive MS 145, which 

has been associated with neurodegeneration. However, other researchers were 

not able to replicate these findings 146. Importantly, anti-NF-L antibody reactivity 

is not restricted to CIS and MS and has been reported in amyotrophic lateral 

sclerosis and stroke 119, 310. Similar to NF-L, serum antibody reactivity towards 

NF did not discriminate between CIS patients and HC. In addition, other reports 

demonstrated elevated anti-NF antibody levels in serum from patients with 

Guillain-Barré syndrome and other peripheral neuropathies 118, 311. 

 

Reliable and accurate assays are required to determine the antibody reactivity 

towards a particular antibody target. Compared with our previous results, which 

were based on the use of a UH-CIS6 phage ELISA assay, antibody reactivity 

towards UH-CIS6 was observed more frequently in serum from healthy controls 
283. This might be attributable to the improved sensitivity of the UH-CIS6 peptide 

ELISA (chapter 4) as well as to the inclusion of additional healthy controls that 

were not tested in the UH-CIS6 phage ELISA screening.  In this  study,  we used 

rat NF protein to study the antibody response towards NF 138, 311. Although this 

rat NF is highly similar to human NF, Ng and colleagues recently reported that 
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this rat NF protein may not be suitable to detect antibody reactivity towards NF 
118. They demonstrated that antibody reactivity was directed to antigens from 

the myeloma cell line in which the rat NF was produced rather than to the rat NF 

protein itself 118. 

 

Antibody reactivity towards the tested antibody targets did not correlate with 

each other and antibody reactivity towards multiple antibody targets was 

observed occiasionally. This may represent the heterogeneity of CIS, which is 

also reflected by the wide spectrum of clinical presentations and affected central 

nervous areas 4.  

 

Serum antibody reactivity towards UHCIS6, SPAG16, NF-L and NF did not 

predict conversion to MS in CIS patients. This is in contrast with our previous 

findings in which we observed a trend for increased UH-CIS6 antibody levels in 

serum from CIS patients who converted to MS as compared with CIS patients 

without progression. However, as described in chapter 4 and other publications, 

anti-UH-CIS6 and anti-NF-L antibody reactivity in CSF may have prognostic 

potential 143, 283. For this reason, it may be worthwhile to further investigate the 

antibody response towards the tested antibody targets in CSF samples from CIS 

patients. Furthermore, 28% of the CIS patients without current conversion to 

MS included in this study displayed unique OCB in CSF, which has been 

recognized as a risk factor for conversion to MS 222. A longer period of clinical 

follow up may therefore improve the prognostic potential of the tested antibody 

targets in serum. On the other hand, antibody reactivity towards the tested 

antibody targets may represent general (neuro)inflammatory processes or 

axonal damage which may clarify why increased antibody levels are observed in 

CIS patients irrespective of conversion to MS.  

 

In summary, UH-CIS6 and SPAG16 may represent candidate serum 

autoantibody targets for CIS. In the future, more CIS patients should be tested 

to validate UH-CIS6 and SPAG16 as autoantibody targets in CIS. Moreover, 

studies should be performed to elucidate the role of the antibody response 

towards these targets in CIS.
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Summary 
An important role of B cells and antibodies has been recognized in clinically 

isolated syndrome (CIS) and multiple sclerosis (MS). For instance, treatment 

with the B cell depleting antibody Rituximab has been shown to reduce 

inflammatory lesions and clinical relapses in relapsing-remitting (RR) MS 92. In 

addition, oligoclonal band (OCB) antibodies have been detected in CSF samples 

from the majority of CIS and MS patients 266. However, the targets of the 

antibody response in CIS and MS are largely unknown. Identification of antibody 

targets for CIS and MS may help to establish a rapid diagnosis and allows early 

initiation of therapy. In addition, this may provide additional information on 

pathogenic mechanisms involved in CIS and MS.  

 

In this thesis, we aimed to identify novel candidate antibody targets for CIS and 

MS by using serological antigen selection (SAS), a powerful high-throughput 

screening technology based on phage display. One of the identified candidate 

targets, UH-CIS6, was further characterized and we aimed to identify the in vivo 

antibody target for UH-CIS6. Moreover, we examined the antibody response 

towards UH-CIS6 in serum from CIS patients and compared this with 3 known 

MS antibody targets, which were analyzed in the same cohort. In this chapter, 

the main results of this study are described and discussed. 

 Aim 1: Identification of novel antibody targets for CIS  

Several studies have been performed in which the antibody response in CIS is 

investigated. However, these studies were mainly restricted to known MS 

antibody targets. Therefore, we aimed to identify novel CIS antigens by using 

the SAS technology (chapter 2). In addition, we investigated whether the 

antibody repertoire in CIS was primarily directed to normal or MS brain antibody 

targets. Furthermore, we examined whether antibody reactivity towards the 

identified targets had prognostic potential to predict conversion to MS in CIS 

patients. 

 

A MS cDNA phage display library was already available in our institute, however 

a normal brain cDNA phage display library was lacking. Therefore, we also 

constructed a normal white matter (NWM) cDNA phage display library derived 
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from healthy brain. SAS procedures were performed in parallel with NWM and 

MS cDNA phage display libraries on pooled cerebrospinal fluid (CSF) from 4 CIS 

patients, who developed MS within 2 years after lumbar puncture. This led to 

the identification of a panel of 6 novel antibody targets, UH-CIS1 to 6, which 

were all derived from the NWM library. Interestingly, all candidate clones were 

shown to represent novel antibody targets for CIS and MS. For example, UH-

CIS2 encoded part of host cell factor c1 regulator 1, a protein involved in herpes 

simplex virus infection 274, whereas UH-CIS6 displayed  homology to several 

proteins including bestrophin 1, peroxisomal biogenesis factor 6 and ring finger 

protein 157. Antibody reactivity towards UH-CIS1 to 6 could be confirmed in CSF 

and serum from at least 1 CIS patient included in the SAS procedures, by using 

a phage enzyme-linked immunosorbent assay (ELISA). Furthermore, antibody 

reactivity towards this panel was identified in CSF samples from additional CIS 

patients not used for SAS as well as in CSF from RR-MS patients. The antibody 

response towards UH-CIS3, UH-CIS4 and UH-CIS6 was also evaluated in 

(paired) serum samples. Antibody reactivity towards these targets was detected 

in a significantly increased proportion of CIS and RR-MS patients as compared 

with neurological and healthy controls (p=0.03). Interestingly, antibody 

reactivity towards UH-CIS3, UH-CIS4 and UH-CIS6 in CSF could be confirmed in 

the majority of paired serum samples, which demonstrates an overlap in the 

antibody repertoire in CSF and serum. Since progression to MS is restricted to a 

subset of CIS patients, we also investigated the prognostic potential of our 

identified panel. Although not significant, an increased frequency of antibody 

reactivity was observed in CIS patients who converted to MS as compared with 

CIS patients without disease progression for 2 targets, UH-CIS4 and UH-CIS6. 

This implies that antibody reactivity towards these targets may serve as a 

prognostic marker. 

 

Aim 2: Investigation and comparison of the antibody response in CSF 

from MS subtypes 

MS is characterized by several subtypes: 80% of the MS patients display a 

disease course reflected by disease exacerbations and periods of remission (RR), 

while in 20% of the MS patients disease is progressive (PP) from onset. These 
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MS subtypes may be characterized by different antibody repertoires. Therefore, 

we aimed to identify novel antibody targets for RR- and PP-MS and to compare 

the antibody repertoire in these MS subtypes (chapter 3).  

 

SAS procedures were performed with NWM and MS cDNA phage display libraries 

on pooled CSF from RR- (n=6) and PP-MS (n=6) patients. Characterization of 

output phage revealed the absence of common clones for RR- and PP-MS, which 

indicates the presence of distinct antibody repertoires in RR- and PP-MS. A panel 

of 9 novel candidate clones was selected for further investigation. Eight clones 

were derived from SAS procedures on CSF from RR-MS patients (UH-RRMS1 to 

8), while 1 clone was selected from PP-MS selection procedures (UH-PPMS1). 

These clones displayed homology to proteins, which had not yet been associated 

with antibody reactivity in MS. For example, UH-RRMS6 showed homology to the 

putative protein hCG2045783. In addition, UH-RRMS4 displayed homology to 

general transcription factor IIH, polypeptide 4 (GTF2H4), a protein involved in 

nucleotide excision repair. Furthermore, a single nucleotide polymorphism (SNP) 

within intron 11 of GTF2H4 was found to be associated with MS susceptibility 284. 

Interestingly, an association between autoantibody reactivity and a SNP within 

the autoantibody target SPAG16 has been described in rheumatoid arthritis 312. 

Antibody reactivity towards the panel could be confirmed in serum and CSF from 

patients used for SAS. For UH-RRMS7, antibody reactivity could be identified in 

CSF samples in 4 additional MS patients (8%) and 1 neurological control (3%). 

In conclusion, a panel of 9 novel antibody targets for MS was identified. 

Moreover, this study provides an initial indication for the existence of distinct 

antibody repertoires in RR- and PP-MS. 

 

Aim 3: Characterization of a novel candidate antibody target for CIS and 

MS 

A drawback of phage display is the identification of mimotopes 249. To decrease 

the identification of these mimotopes, we used cDNA phage display libraries in 

the SAS procedures. However, a number of identified CIS candidate antibody 

targets in chapter 2 still represent a mimotope. UH-CIS6 is an example of such 

a target. By using phage ELISA, antibody reactivity towards UH-CIS6 was 
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identified in CSF from CIS and MS patients as well as in serum from a 

significantly increased proportion of CIS and RR-MS patients as compared with 

controls. Therefore, we aimed to further characterize UH-CIS6 (chapter 4).  

 

First we developed a UH-CIS6 peptide ELISA to further study the anti-UH-CIS6 

antibody response. This UH-CIS6 peptide ELISA was shown to have an increased 

sensitivity as compared with the phage ELISA since more anti-UH-CIS6 antibody 

positive CSF samples were identified when the UH-CIS6 peptide ELISA was used. 

Next, we investigated the antibody response towards UH-CIS6 in CSF from 

patients with CIS, MS and other (inflammatory) neurological diseases. The 

frequency of antibody reactivity towards UH-CIS6 was significantly increased in 

CIS and RR-MS as compared to neurological controls (p=0.046). Moreover, 

antibody reactivity towards UH-CIS6 was restricted to CIS patients who 

converted to MS, which further confirms the prognostic potential of UH-CIS6. A 

second aim of this study was to identify the in vivo antibody target of UH-CIS6. 

We used a polyclonal rabbit anti-UH-CIS6 antibody and we demonstrated that 

this antibody bound the same epitope as human anti-UH-CIS6 antibodies. Next, 

the rabbit anti-UH-CIS6 antibody was used for immunoprecipitation on a human 

brain lysate. Analysis of the immunoprecipitation output revealed coronin-1a as 

a candidate target for anti-UH-CIS6 antibodies. Moreover, binding of rabbit and 

human anti-UH-CIS6 antibodies to coronin-1a could be confirmed. In addition, 

coronin-1a expressing T cells and macrophages were identified inside a MS brain 

lesion. In summary, we identified in this study coronin-1a as a novel candidate 

antibody target for CIS and MS. 

 

Aim 4: Analysis of the antibody response towards MS antibody targets in 

CIS 

In a previous study (chapter 2), we identified UH-CIS6 as a novel candidate 

antibody target for CIS and RR-MS and we successfully developed a sensitive 

UH-CIS6 peptide ELISA to detect antibody reactivity towards UH-CIS6 (chapter 

4). Apart from the antibody response towards UH-CIS6 in CSF, we were also 

interested to analyze anti-UH-CIS6 antibody reactivity in serum from CIS 

patients. Since CIS can represent a putative first presentation of MS it is 
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conceivable that the antibody response in CIS and MS is directed to a similar 

antigen repertoire. Indeed, for several antibody targets, such as myelin 

oligodendrocyte glycoprotein (MOG), myelin basic protein (MBP) and the 

potassium channel KIR 4.1, antibody reactivity has been demonstrated in both 

CIS and MS (total overview shown in Table 1.1). However, for several antibody 

targets in MS the antibody response in CIS is unknown. Examples of such 

antibody targets are sperm associated antigen 16 (SPAG16), neurofilament-light 

(NF-L) and neurofascin (NF). Therefore, we investigated in chapter 5 the 

antibody response towards MS antibody targets SPAG16, NF-L and NF in serum 

from CIS patients and compared this with the antibody response directed to UH-

CIS6. 

 

We measured the antibody response towards the panel of 4 antibody targets in 

serum from CIS patients and healthy subjects. For UH-CIS6 a sensitivity of 15% 

and a sensitivity of 90% was obtained. Furthermore, although not significant, a 

trend for an increase in mean antibody levels towards UH-CIS6 was observed in 

CIS patients as compared with HC (p=0.08). Moreover, anti-UH-CIS6 antibody 

levels correlated with an increase in immunoglobulin G (IgG) concentration of 

paired CSF (p=0.012), which may point to the production of anti-UH-CIS6 

antibodies in CSF. Thirteen % of the CIS patients displayed antibody reactivity 

towards SPAG16 (specificity 95%), 7% towards NF-L (specificity 94%) and 8% 

towards NF (specificity 95%). In addition, antibody reactivity towards multiple 

antibody targets was observed only occasionally in CIS patients. The findings 

described in this study indicate that UH-CIS6 and SPAG16 are candidate 

antibody targets in CIS. 
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General discussion and future perspectives 
 
Are antibody targets in CIS and MS expressed in normal or in MS brain? 

In chapter 2 and 3, SAS procedures were performed with 2 cDNA libraries, 

derived from normal white matter (NWM) from healthy brain and MS brain, 

respectively. In this way, we aimed to examine whether antibody targets in CIS 

and MS are primarily expressed in diseased or normal brain tissue. The MS cDNA 

library was composed of active chronic plaques with varying degrees of 

demyelination and inflammatory activity and was derived from a patient with an 

11 year history of MS that was progressive from onset 264. In a previous study, 

Becker et al. performed a sequence analysis on the MS cDNA library and showed 

that the MS cDNA library used in this study contained unique transcripts 

involved in immune activation and expression of genes encoding autoantigens, 

which were absent in 2 normal brain cDNA libraries 264. Therefore, normal and 

MS brain contain distinct antigen repertoires.  

 

In chapter 2, we investigated the antibody repertoire in CSF from CIS patients. 

Selected CIS candidate antibody targets were all derived from the NWM cDNA 

library. This may be due to the relative short disease duration of these CIS 

patients, and it is likely that the antibody repertoire in these patients is directed 

to antigens involved in early disease, which may be primarily expressed in 

normal brain and are not present in MS brain from long established disease as 

was used for the construction of the MS cDNA library. In addition, 7 out of 8 

antibody targets for RR-MS that were identified in chapter 3 were also derived 

from the NWM library. Although established disease was present in these RR-MS 

patients, the average disease duration was still relatively short (average 2.7 

years). Moreover, the expanded disability status scale (EDSS) score of the RR-

MS patients included in the SAS procedures was also rather low (average EDSS 

score 3.1). Therefore, it may be hypothesized that in patients with a longer 

disease duration, the antibody repertoire may also be directed to antigens 

whose expression is restricted to MS brain. Although we performed SAS 

procedures with CSF samples from PP-MS patients with longer disease (average 

5.4 years), only 1 PP-MS candidate antibody target was identified. This may be 

clarified by the underlying disease mechanisms in PP-MS. Less inflammation has 
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been observed in PP-MS as compared with RR-MS and neuro-axonal 

degeneration has been suggested to underlie PP-MS 282. Therefore, these 

findings may point to a less prominent role of the antibody response in PP-MS. 

In order to further investigate whether the antibody repertoire changes during 

the disease course, SAS procedures may be performed in the future with CSF 

samples from RR-MS patients with long established disease. 

 

Which proteins are targeted by the antibody reponse in CIS and MS? 

In this study, several novel antibody targets for CIS and MS were identified. For 

example, host cell factor c1 regulator 1, (HCFCR1) a protein involved in herpes 

simplex virus infection was identified 274. Furthermore, the herpes simplex virus 

has already been recognized as an antibody target in MS 66. Although we used 

cDNA libraries in the SAS procedures, a number of identified candidate clones 

were not expressed in the correct reading frame or were derived from 3’ 

untranslated regions (UTR). Interestingly, homology analysis revealed that 

several of these clones displayed homology to proteins that were associated with 

MS. For example, UH-CIS4 showed similarity to the sodium channel Nav1.5, 

whose expression has been shown to be upregulated in reactive astrocytes in 

MS lesions 275. In addition, UH-CIS4 displayed homology to poly (ADP-ribose) 

polymerase 1, which has been suggested as a therapeutic target to suppress 

neuroinflammation in MS 276. Another candidate target, UH-RRMS4 was similar 

to general transcription factor IIH, polypeptide 4 (GTF2H4), a protein involved in 

nucleotide excision repair, and a SNP within intron 11 of GTF2H4 was found to 

be associated with MS susceptibility 284. Importantly, although these proteins 

were already associated with MS, antibody reactivity towards these targets has 

not been investigated and thus reported in CIS or MS. Antibodies directed to 

these proteins may exert several functions. For instance, antibodies may have 

pathogenic properties. For instance, anti-Nav1.5 antibodies may be pathogenic 

by blocking its proposed compensatory mechanism in MS lesions 275 and anti-

GTF2H4 antibodies may inhibit the DNA repair function of GTF2H4. On the other 

hand, antibodies might also have protective roles as antibodies towards HCFCR1 

may indirectly inhibit viral infection.  
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A subset of the clones encoding non-coding reading frames may represent 

alternative spliced forms that have not yet been experimentally described. 

Interestingly, alternative splicing may lead to the generation of untolerized 

epitopes involved in autoimmunity 279. Moreover, alternative splicing has been 

implicated in genes associated with MS, including several known autoantigens, 

such as MBP and MOG 280. In addition, alternative splicing has been implicated in 

other autoimmune diseases 280, 313.  

 

Are the antibody targets different in CIS, RR-MS and PP-MS? 

For all antibody targets identified in chapter 2, UH-CIS1 to 6, antibody 

reactivity could be identified in both CIS and RR-MS patients. These findings 

point to similar antibody reactivity in CIS and RR-MS and this is in line with 

other known antibody targets such as MOG, MBP and the Epstein-Barr virus 

(summarized in Table 1.1). Interestingly, antibody reactivity towards UH-CIS1 

to 6 was absent in CSF from patients with secondary-progressive (SP) MS, which 

may be due to a less prominent role of the inflammatory response in the 

progressive phase of MS. On the other hand, antibody reactivity towards UH-

RRMS7 was detected in CSF samples from both RR- and PP-MS patients 

(chapter 3). In general, antibody reactivity towards a given target is observed 

in all MS subtypes. However, for several antibody targets, such as 

galactocerebroside 155, ganglioside GM3 152 and NF-L 144, 145, antibody reactivity 

is primarily observed in either RR- or PP-MS. It should be noted that a relatively 

low number of progressive MS patients were included in chapter 2 and chapter 

3. Therefore, in order to investigate whether antibody reactivity towards UH-

CIS1 to 6 and UH-RRMS7 is restricted or not to CIS and/or certain MS subtypes, 

the number of PP and SP-MS patients should be expanded in the future.  

 

Which assays are suitable to investigate the antibody response? 

Initially, we measured antibody reactivity using phage particles displaying the 

cDNA products of interest. In chapter 4, we describe the optimization of a UH-

CIS6 peptide ELISA. Moreover, we demonstrated that anti-UH-CIS6 antibodies 

bound purified coronin-1a, produced in human embryonic kidney (HEK) cells, 

under reducing (Western blot) and native conditions (ELISA). In this case, linear 

and conformational epitopes display a large similarity. However, it should be 
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kept in mind that this is not always the case and that different antigen 

preparations and assay types may lead to contradictory results. This may be of 

particular importance for transmembrane proteins such as MOG. Initially, the 

presence of antibodies towards MOG was identified in a large proportion of CIS 

and MS patients 117. However, in these studies antibody reactivity was measured 

towards incorrectly folded or denatured MOG. On the other hand, in subsequent 

studies, cell based assays in which antibody reactivity was measured towards 

native MOG were used and revealed the presence of anti-MOG antibody 

reactivity in a minor subset of MS patients 117. In chapter 5, we investigated 

the antibody response towards NF in serum from CIS patients. We used 

recombinant expressed NF that was successfully used in other studies 138, 311. 

Serum antibody levels towards NF were similar in CIS and HC. However, 

recently, Ng et al. stated that the recombinant NF used in our study is not 

suitable to measure anti-NF antibody 118. Instead of measuring antibody 

reactivity towards NF, antibody reactivity was directed to antigens from the 

myeloma cell line in which the rat NF was produced rather than to the rat NF 

protein itself. Therefore, additional studies are mandatory to further investigate 

the antibody response towards NF in CIS. 

 

Do patients display antibody reactivity towards multiple targets ? 

To further investigate whether patients displayed antibody reactivity towards 

multiple antibody targets, we examined the presence of putative correlations in 

serum antibody reactivity towards SPAG16, UH-CIS6 (peptide ELISA), NF-L, NF, 

UH-CIS3, UH-CIS4 and UH-CIS6 (phage ELISA) in a cohort of 92 CIS patients 

(Table 6.1). A significant correlation (p<0.01) was detected for antibody 

reactivity towards UH-CIS4 and UH-CIS6 (phage (rs=0.36) and peptide ELISA 

(rs=0.29)). Interestingly as shown in Figure 6.1, similar to UH-CIS6, a shared 

protein motif could be identified for UH-CIS4 and coronin-1a 

(http://blast.ncbi.nlm.nih.gov/). This may explain the correlation of antibody 

reactivity towards UH-CIS4 and UH-CIS6. Therefore, it would be relevant to test 

whether anti-UH-CIS4 antibodies are also able to bind coronin-1a. Moreover, 

UH-CIS6 peptide and UH-CIS6 phage ELISA results were shown to correlate with 

each other (p<0.0001; rs=0.57). This finding further supports that the UH-CIS6 

peptide ELISA is a well suited alternative for the UH-CIS6 phage ELISA. 
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Additional correlations between antibody reactivity towards the tested CIS 

serum antibody targets were absent.  

 
Table 6.1: Correlation between reactivity of the tested CIS serum antibody 

targets in a cohort of CIS patients 

 
SPAG16 

 

 
UH-CIS6a 

 

 
NF-L 

 

 
NF 

 

 
UH-CIS3 

 

 
UH-CIS4 

 

 
UH-CIS6b 

 

SPAG16 - 0.67 0.57 0.19 0.11 0.72 0.51 

UH-CIS6a 0.67c - 0.78 0.21 0.42 p<0.01 p<0.0001 

NF-L 0.57 0.78 - 0.21 0.28 0.74 0.54 

NF 0.19 0.21 0.21 - 0.28 0.58 0.57 

UH-CIS3 0.11 0.42 0.28 0.28 - 0.62 0.05 

UH-CIS4 0.72 p<0.01 0.74 0.58 0.62 - p<0.01 

UH-CIS6b 

 
0.51 

 
p<0.0001 

 
0.54 

 
0.57 

 
0.05 

 
p<0.01 

 
        - 
 

a UH-CIS6 peptide ELISA 
b UH-CIS6 phage ELISA 
c Displayed values represent p-values of the Spearman’s rank test 

 

 

 
Figure 6.1: Putative shared epitope of UH-CIS4 and coronin-1a. Alignment of UH-
CIS4 and coronin-1a protein sequences (Swiss prot accession number P31146) led to the 
identification of a shared protein motif (indicated in bold). 
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Is the antibody response towards our targets different in CSF and 

serum? 

The central nervous system (CNS) is affected in CIS and MS and therefore it is 

plausible that disease relevant antibodies are present in the CSF, which is in 

close proximity of the CNS. However, a lumbar puncture is an invasive 

procedure and serum would be an easily available alternative. Therefore, we 

also investigated whether antibody reactivity towards antibody targets initially 

identified in CSF was also present in (paired) serum from CIS and MS patients 

(chapter 2 and chapter 3). Antibody reactivity towards our CSF antibody 

targets could be confirmed in the majority of paired serum samples, which 

points to the existence of similar antibody repertoires in CSF and serum. This is 

further supported by a study performed by Larman et al 314, in which an 

unbiased proteomic technology, “phage immunoprecipitation sequencing”, was 

used to investigate the antibody repertoire in matched serum and CSF samples 

from MS patients. Indeed, similar to our findings, the majority of enriched 

peptides was found to be recognized by antibodies present in CSF and serum. In 

addition, an exchange of IgG expressing B cells between the CNS and peripheral 

blood has been demonstrated 315. Moreover, the SAS procedure has been used 

to study the antibody response in paired CSF and serum from a single RR-MS 

patient 265. This revealed the presence of common, but also to distinct antibody 

profiles in paired CSF and serum. The presence of distinct antibody repertoires 

in paired CSF and serum samples has also been reported by Quintana et al, 242. 

Interestingly, the authors reported that the antibody response in a CSF sample 

was more similar to that of other CSF samples than to a paired serum sample 

from the same individual. However, in the study of Quintana et al., analysis of 

antibody reactivity was restricted to a set of known (auto)antigens and the 

targets included in our study were not tested 242. Therefore, antibody reactivity 

towards a subset of targets may be present in both CSF and serum, while other 

antibodies are restricted to the CSF compartment. 

 

Are the antibodies towards the studied targets produced in CSF or in 

serum? 

Antibodies in CIS and MS may be produced in CSF, since unique OCB not 

present in serum are found in CSF samples from CIS and MS patients. These 
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OCB were found to be produced by CSF B cells, by comparing the Ig proteomes 

of CSF samples and Ig transcriptomes of CSF B cells 114. Moreover, by using the 

same experimental approach a strong overlap of the IgG repertoires in brain 

lesions and in CSF could be demonstrated 316. It should be noted that the 

identity of the targets reacting with the OCB are (largely) unknown. Therefore, it 

remains elusive whether these antibodies are relevant in the pathogenesis of 

CIS and MS. Antibodies may be produced in the CSF and transported to the 

peripheral blood by passage through the venous sinuses. This may in particular 

explain the presence of antibodies towards brain proteins in serum. However, 

antibodies in CIS and MS patients may also be produced in the periphery, since 

an increased number of antibody producing cells has been demonstrated in the 

bone marrow and peripheral blood of MS patients as compared to healthy 

controls 273. In the future, the antibody index may be used to investigate 

whether antibodies towards a particular target are intrathecally produced. In this 

formula, the quotient of the antibody response towards a target in CSF and 

serum is calculated, divided by the quotient of total CSF and serum 

immunoglobulin G (IgG) 13. For several antibody targets in MS an intrathecal 

antibody production has been demonstrated 127, 160. However, the absence of an 

intrathecal production does not automatically imply that a particular antibody 

target may not be relevant in CIS and MS. For instance, antibodies towards 

KIR4.1 were shown not to be intrathecally produced in the majority of MS 

patients 116. Nevertheless, serum antibody reactivity towards KIR4.1 could be 

identified in 46.9% of CIS and MS patients, while anti-KIR4.1 antibodies where 

nearly absent in serum from healthy and neurological controls. In addition, 

injection of anti-KIR4.1 antibodies in cisternae magnae of mice led to a loss of 

KIR4.1 expression, altered expression of glial fibrillary acidic protein in 

astrocytes and activation of the complement cascade.  

 

How can antibodies towards the identified targets be generated? 

Proteins with an extracellular domain (MOG) or that are secreted (viral particles) 

are well accessible for antibodies. However, a subset of the targets identified in 

our study displayed homology to intracellularly expressed proteins, which may 

be at first sight less accessible for antibodies. Nevertheless, several mechanisms 

leading to antibody reactivity towards intracellular antigens have been proposed 
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304. First, dysregulation of the immune system may cause expansion of existing 

polyreactive natural antibodies. Secondly, defective clearance of apoptotic 

bodies, whose membranes may express intracellular antigens, may trigger an 

autoimmune disorder. In addition, epigenetic modifications and molecular 

mimicry causing cross-reactivity with foreign or extracellular proteins may 

induce antibody reactivity towards intracellular antigens. Importantly, it has 

been demonstrated that antibodies towards intracellular antigens can enter the 

cell by membrane Fc receptor mediated intracellular uptake 317, electrostatic 

interactions of arginine residues in the complementarity determining region of 

antibodies with negatively charged sulfated polysaccharides on the cell surface 
318 or by endocytosis 319. Of note, antibody reactivity towards intracellular 

targets, such as DNA 172, the proteasome 182 as well as enzymes triosephosphate 

isomerase (TPI) 176 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
176, has already been detected in CIS and/or MS. 

 

Does antibody reactivity towards the investigated targets have 

prognostic potential to predict progression to MS in CIS patients? 

Possible prognostic potential to predict conversion to MS in CIS patients could be 

demonstrated for 2 antibody targets, UH-CIS4 and UH-CIS6, that were identified 

in this study (chapter 2 and chapter 4). A higher frequency of antibody 

reactivity towards these targets was observed in CIS patients who converted to 

MS, although antibody reactivity was also present in CIS patients who did not  

(yet) display progression to MS. Therefore, further studies are needed to 

investigate the prognostic potential of these antibody targets. To this end, the 

number of CIS patients should be increased. Although, we generally followed 

CIS patients for 2 years after lumbar puncture, it may take additional time to 

develop MS. Therefore, the length of clinical follow-up may also be expanded. In 

this way, it would also be possible to investigate whether an association exists 

between antibody reactivity towards UH-CIS4 and UH-CIS6 and time to progress 

to MS. Moreover, it may be interesting to investigate whether the prognostic 

potential of our antibody targets can be increased when other prognostic 

markers (shown in Table 1.2) are added.  
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Does antibody reactivity correlate with clinical parameters? 

Associations between antibody reactivity and other clinical and demographical 

parameters were absent. However, the majority of the CIS and MS patients 

included in this study were in an early disease phase. Therefore, it may be 

difficult to detect an association between disease duration and antibody 

reactivity. Antibody reactivity towards the targets may be measured in 

CSF/serum samples from a single patient taken at different time points, to 

investigate whether the antibody response towards a target changes during the 

disease course. In this way, also correlations between antibody reactivity and 

disease activity, for instance relapse and remission, can be examined. 

 

The majority of the patients included in our study were untreated. It may be of 

interest to investigate CIS and MS patients treated with different treatment 

strategies and investigate whether the antibody response is affected as 

compared with non-treated patients. Several studies have been reported which 

suggest an effect of treatment on the antibody response. For instance, 

treatment with the steroid methylprednisolone, which is used to treat MS 

exacerbations, led to a decrease in antibody reactivity, epitope spreading and 

intrathecal autoantibody synthesis 242. However, the treated group consisted of a 

different cohort of MS patients as compared with the untreated group, which 

may hamper the comparison between treated and untreated patients. In another 

study, Natalizumab treatment has been shown to lead to a decrease in 

immunoglobulin M (IgM) and IgG levels in patients with MS 320. A reduction in 

myelin-specific autoantibody titers was observed in RR-MS patients after 

treatment with a DNA vaccine encoding human myelin basic protein 321. 

Moreover, plasma exchange led to a rapid reduction in demyelinating activity of 

IgG 192. Therefore, treatment may indeed affect the antibody response in MS. 

 

How can the pathogenicity of antibodies be studied?  

In this study, we successfully identified novel antibody targets for CIS and MS 

(chapter 2 and 3). Antibody reactivity towards these targets may be used for 

diagnosis of CIS and MS, since antibody reactivity was increased in CIS and MS 

as compared with neurological and healthy controls. However, it is also of 

interest to investigate whether the antibody response directed towards these 
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targets can mediate pathogenic effects. To this end several experiments can be 

performed. First, antibodies may be injected in animals with experimental 

autoimmune encephalomyelitis (EAE), the animal model of MS. In this way,  the 

effect of the antibodies on the disease course can be evaluated. In similar 

experiments, disease exacerbating effects have been observed for other MS 

antibody targets, such as NF 138 and SPAG16 191. Secondly, the pathogenic effect 

of antibodies can be studied in vitro. Elliott and colleagues 192  used a myelinating 

culture system and developed a sensitive and reproducible assay to detect and 

quantify the ability of patient-derived Ig to mediate demyelination and axonal 

injury in vitro. Using this assay, complement-dependent demyelinating IgG 

responses, occasionally accompanied by complement-dependent antibody 

mediated axonal loss, were observed in 30% of MS patients. Interestingly, 

pathogenic IgG antibody responses were absent in patients with other 

neurological diseases or in healthy controls.  

 

What is the role of coronin-1a and the antibody response towards 

coronin-1a in CIS and MS? 

UH-CIS6 is a CIS candidate antibody target identified in chapter 2 and is an 

example of a mimotope. In chapter 4 we were able to demonstrate that 

coronin-1a is the in vivo antibody target for anti-UH-CIS6 antibodies. Coronin-1a 

is a protein composed of 461 amino acids and contains 7 WD repeat domains. 

The WD domain has been implicated in a wide variety of cellular and biochemical 

functions, including a role in the cytoskeleton 322. Indeed, coronin-1a may play a 

role in actin binding 323. Coronin-1a is primarily expressed in hematopoietic cells 

and may function as an actin-regulatory protein, responsible for the remodeling 

of the cytoskeleton in response to external signals transmitted into leukocytes 
287. However, coronin-1a may also have actin-independent functions 288. In T 

cells, coronin-1a is involved in survival 288, activation 324 and is required for 

chemokine-mediated migration 325. In addition, in macrophages, coronin-1a may 

be involved in survival of mycobacteria within phagosomes 290 and may promote 

and accelerate phagocytosis 326. On the other hand, coronin-1a has been shown 

to be a negative regulator of endosomal delivery, degradation of modified 

lipoprotein and cholesterol deposition in macrophages 292. Finally, coronin-1a 

has been implicated in phagocytosis in neutrophils 293. Coronin-1a may also be 
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of relevance in MS, since mice deficient for coronin-1a did not develop EAE, 

which implicates that coronin-1a is crucial for EAE induction 297. However, after 

re-immunization of coronin-1a deficient mice, disease was even more severe as 

compared with wild-type mice and coronin-1a has been demonstrated to 

downregulate interleukin-17 and interferon-γ expression in Th17 cells 298. The 

majority of described functions for coronin-1a suggest a role for coronin-1a in 

maintaining or even promoting the inflammatory response in CIS and MS. 

Alternatively, coronin-1a may have anti-inflammatory properties.  

 

Known antibody targets in CIS and MS constitute proteins expressed in myelin, 

axons, oligodendrocytes, lipids, viruses or are expressed ubiquitously (Table 

1.1). Interestingly, to our knowledge, antibody reactivity towards an antigen 

primarily expressed in immune cells has not been described yet in CIS and MS. 

Antibodies towards coronin-1a may be responsible for (1) the activation of 

coronin-1a expressing immune cells (Figure 6.1). This is supported by the 

function of anti-neutrophil cytoplasmic antibodies (ANCAs) directed towards 

antigens expressed in immune cells such as neutrophils and monocytes, which 

have been shown to recruit and activate neutrophils 303. Interestingly, these 

ANCAs have been described in other autoimmune diseases such as vasculitis, 

rheumatoid arthritis and inflammatory bowel disease 300, 301, 302. Alternatively, 

(2) it may be that the generation of an antibody response towards coronin-1a is 

the consequence of the infiltration of coronin-1a expressing immune cells in MS 

brain and may have putative protective functions by blocking this inflammatory 

response or (3) may represent an epiphenomenon (Figure 6.1).  
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Figure 6.2: Role of coronin-1a and antibody reactivity towards coronin-1a in CIS 
and MS. Coronin-1a may stimulate or inhibit the immune response in CIS and MS. Anti-
coronin-1a antibody reactivity may have several effects. First, the anti-coronin-1a 
antibody response may activate immune cells. Secondly, anti-coronin-1a antibodies may 
inhibit the immune response. Finally, the presence of antibodies directed towards coronin-
1a may represent an epiphenomenon caused by the infiltration of immune cells expressing 
coronin-1a in brain of CIS and MS patients. 
 

In the future, the frequency and specificity of the anti-coronin-1a antibody 

response should be further investigated. To this end, CSF and serum samples 

from patients with CIS, MS and other (inflammatory) neurological diseases as 

well as healthy controls should be tested for antibody reactivity towards coronin-

1a. In addition, future studies should be aimed at the elucidation of the role of 

coronin-1a protein and the anti-coronin-1a antibody response in CIS and MS. 
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Final conclusions 
 

In this thesis, we successfully identified novel antibody targets for CIS and MS 

by using the powerful SAS technology. For the majority of identified antibody 

targets, antibody reactivity could be detected in CSF and/or serum from a 

subset of tested CIS and MS patients, which indicates that the identified targets 

may represent common antibody targets in CIS and MS. Furthermore, we 

successfully identified coronin-1a as the corresponding in vivo antibody target 

for 1 of our identified targets, UH-CIS6. With the obtained results, future studies 

can be undertaken to further investigate the antibody response towards coronin-

1a and other targets identified in this thesis and elucidate their role in the 

pathogenesis of CIS and MS. 
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Multiple sclerose (MS) is een chronische inflammatoire, neurodegeneratieve 

ziekte van het centrale zenuwstelsel. MS wordt gekarakteriseerd door 

demyelinisatie van axonen en het ontstaan van zogenaamde sclerotische 

plaques. Een breed scala aan symptomen wordt geassocieerd met MS, zoals 

moeheid, spierzwakte en cognitieve problemen 3. De ziekte manifesteert zich op 

relatief jonge leeftijd (20-40 jaar) en vrouwen lopen een groter risico op het 

ontwikkelen van MS 2. Het grootste gedeelte (80%) van de MS patiënten heeft 

een zogenaamde “relapsing-remitting” (RR) vorm, waarbij ziekte opstoten 

worden afgewisseld door perioden van herstel. Vijfenzestig % van deze RR-MS 

patiënten zal uiteindelijk in een secundair-progressieve (SP) fase terechtkomen, 

welke is gekenmerkt door een aanhoudend progressief verloop. In 20% van de 

MS-patiënten is de ziekte progressief vanaf het begin, dit wordt ook wel 

“primair-progressieve” (PP) MS genoemd 3.  

 

In 85% procent van de MS-patiënten wordt de ziekte vooraf gegaan door een 

zogenaamd “clinically isolated syndrome” (CIS), een periode van neurologisch 

disfunctioneren die ten minste 24 uur moet aanhouden 4. CIS-patiënten kunnen 

MS ontwikkelen door een tweede klinische opstoot of door het ontstaan van 

nieuwe laesies op een “magnetic resonance imaging” (MRI) scan. Belangrijk is 

dat slechts 30 - 70% van de CIS-patiënten uiteindelijk MS zal ontwikkelen en op 

dit moment is moeilijk te beoordelen welke CIS-patiënten tot de risicogroep 

behoren 7. Om deze reden wordt momenteel veel onderzoek gedaan naar 

specifieke prognostische (laboratorium) merkers, die mogelijk kunnen bijdragen 

tot de opsporing van deze CIS-patiënten. 

 

MS is een auto-immuun ziekte, waarbij het immuunsysteem ontregeld is en 

lichaamseigen eiwitten worden aangevallen. Onderdelen van dit 

immuunsysteem, B cellen en antilichamen, blijken een belangrijke rol in CIS en 

MS te spelen. Dit wordt ondermeer ondersteund door de positieve resultaten die 

werden verkregen wanneer MS-patiënten werden behandeld met het antilichaam 

Rituximab, dat er voor zorgt dat B-cellen worden uitgeschakeld 92. Tevens 

worden er vaak zogenaamde oligoklonale band antilichamen waargenomen in 

cerebrospinaal vocht (CSV) van CIS- en MS-patiënten 266. Echter de doelwitten 

van de antilichaamrespons in CIS en MS zijn grotendeels onbekend. De 
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identificatie van deze antilichaam targets kan mogelijk bijdragen aan een snelle 

diagnose en maakt vroege initiatie van behandeling mogelijk. Bovendien kan de 

identiteit van de antilichaam targets extra informatie geven over de pathogene 

mechanismen betrokken in CIS en MS.  

 

Het doel van deze thesis was om nieuwe antilichaam targets te identificeren 

voor CIS en MS door gebruik te maken van serologische antigen selectie (SAS), 

een krachtige technologie gebaseerd op faag display. Eén van de 

geïdentificeerde kandidaat targets in deze thesis, UH-CIS6, werd tevens verder 

gekarakteriseerd. Ook probeerden we de identiteit van het in vivo antilichaam 

target voor UH-CIS6 te achterhalen. Verder onderzochten we de 

antilichaamrespons tegen UH-CIS6 in serum van CIS-patiënten en vergeleken 

dit met de antilichaamrespons tegen 3 bekende MS antilichaam targets.  

 

Doelstelling 1: Identificatie van nieuwe antilichaam targets voor CIS 

 

In het verleden werden meerdere studies uitgevoerd, die gericht waren op de 

analyse van de antilichaamrespons in CIS. Echter werd in deze studies met 

name de antilichaamrespons tegen bekende MS antigenen onderzocht. 

Daarentegen was het doel van onze studie om nieuwe CIS antigenen te 

identificeren door gebruik te maken van de SAS technologie (hoofdstuk 2). 

Daarnaast hebben we ook onderzocht of de antilichaam respons in CIS primair 

gericht is op eiwitten die tot expressie komen in normaal of in MS 

hersenweefsel. Ook onderzochten we of antilichaam reactiviteit tegen onze 

targets mogelijk prognostisch potentieel had om conversie naar MS in CIS 

patiënten te voorspellen. 

Een MS cDNA faag display bibliotheek was al beschikbaar binnen ons instituut, 

maar dit gold niet voor een cDNA faag display bibliotheek gemaakt van normaal 

hersenweefsel. Om deze reden construeerden we een cDNA faag display 

bibliotheek van normale witte stof (NWS) afkomstig van gezond hersenweefsel. 

SAS procedures werden in parallel uitgevoerd met de NWS en MS cDNA faag 

display bibliotheken op gepoold CSV van 4 CIS-patiënten, die binnen 2 jaar na 

CSV afname MS ontwikkelden. Uiteindelijk werd een panel bestaande uit 6 
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nieuwe antilichaam targets (UH-CIS1 tot en met 6) geïdentificeerd. Deze targets 

waren allemaal afkomstig uit de selecties met de NWS bibliotheek. Dit kan 

mogelijk verklaard worden door het vroege ziektestadium waarin de CIS- 

patiënten verkeren. Een van deze targets, UH-CIS2 bleek te coderen voor een 

gedeelte van host cell factor c1 regulator 1, een eiwit betrokken bij de infectie 

van het herpes simplex virus 274. Opmerkelijk is dat in het verleden antilichaam 

reactiviteit tegen het herpes simplex virus al werd aangetoond in MS 66. Een 

ander kandidaat target, UH-CIS6, vertoonde overeenkomsten met meerdere 

eiwitten, waaronder isovormen van bestrophin 1 en peroxisomal biogenesis 

factor 6 die via alternatieve splicing waren gegenereerd. Alternatieve splicing 

werd reeds geassocieerd met MS en andere auto-immuunziekten en werd tevens 

gededecteerd in bekende autoantigenen zoals myelin basic protein (MBP) en 

myelin oligodendrocyte glycoprotein (MOG) 280. 

Antilichaam reactiviteit tegen UH-CIS1 tot en met 6 kon worden bevestigd in 

CSV en serum van tenminste 1 van de 4 CIS-patiënten, die waren geïncludeerd 

in de SAS procedures. Bovendien konden we ook antilichaam reactiviteit tegen 

ons panel detecteren in CSV van andere CIS-patiënten en in RR-MS patiënten, 

wat er op wijst dat de antilichaam reactiviteit tegen deze targets vaker voorkomt 

in CIS en MS. Deze bevindingen zijn in overeenkomst met antilichaam 

reactiviteit tegen bekende antilichaam targets in CIS en MS (Tabel 1.1).  

Omdat een lumbaal punctie een invasieve procedure is, onderzochten we ook of 

antilichaam reactiviteit kon worden gedetecteerd in (gepaarde) serum samples. 

Aangezien de combinatie van CSV antilichaam reactiviteit tegen UH-CIS3, UH-

CIS4 en UH-CIS6 leidde tot een vergelijkbare sensitiviteit en specificiteit ten 

opzichte van het gehele panel, werden deze targets geselecteerd voor analyse 

van antilichaam reactiviteit in serum. Serum antilichaam reactiviteit tegen deze 

3 targets werd in significant meer CIS en RR-MS patiënten waargenomen, 

wanneer dit werd vergeleken met neurologische en gezonde controles (p=0.03). 

Interessant is het feit dat antilichaam reactiviteit gericht tegen UH-CIS3, UH-

CIS4 en UH-CIS6 in CSV kon worden bevestigd in het merendeel van de 

gepaarde serum samples, wat mogelijk kan duiden op een vergelijkbaar 

antilichaam repertoire in CSV en serum. Dit is in overeenkomst met bestaande 

studies, echter in een klein aantal publicaties werd gesuggereerd dat het 
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antilichaam repertoire verschillend is in CSV en serum. Toekomstige studies 

moeten uitwijzen of antilichamen tegen UH-CIS3, UH-CIS4 en UH-CIS6 worden 

geproduceerd in het CSV en/of serum. 

Aangezien progressie naar MS slechts beperkt is tot een gedeelte van de CIS-

patiënten, onderzochten we ook het prognostisch potentieel van ons panel. Voor 

2 targets, UH-CIS4 en UH-CIS6, was de frequentie van antilichaam reactiviteit 

hoger, hoewel niet significant, in CIS-patiënten die MS ontwikkelden vergeleken 

met CIS-patiënten zonder ziekte progressie. Dit impliceert dat antilichaam 

reactiviteit tegen deze targets mogelijk gebruikt kan worden als een 

prognostische merker. Echter verdere studies zijn nodig om het prognostisch 

potentieel van UH-CIS4 en UH-CIS6 verder te onderzoeken. 

Doelstelling 2: Analyse en vergelijking van de antilichaam respons in 

CSF van MS subtypes  

 

Verscheidene subtypes van MS kunnen worden onderscheiden. Tachtig procent 

van de MS-patiënten vertoont een ziekteverloop dat gekarakteriseerd is door 

ziekte opstoten en perioden van remissie (RR), terwijl in 20% van de MS- 

patiënten de ziekte een progressief verloop vanaf het begin heeft (PP). Deze MS 

subtypes kunnen mogelijk gekarakteriseerd zijn door verschillende antilichaam 

repertoires. Het doel van deze studie was om nieuwe antilichaam targets te 

identificeren voor RR- en PP-MS en om het antilichaam repertoire te vergelijken 

in RR- en PP-MS (hoofdstuk 3).  

 

SAS procedures werden uitgevoerd met NWS en MS cDNA faag display 

bibliotheken op gepoold CSV van RR- (n=6) en PP-MS (n=6) patiënten. 

Karakterisatie van de SAS output wees op de afwezigheid van 

gemeenschappelijke klonen voor RR- en PP-MS, wat mogelijk kan wijzen op de 

aanwezigheid van verschillende antilichaam repertoires in RR- en PP-MS. Een 

panel bestaande uit 9 nieuwe antilichaam targets werd geselecteerd voor 

verdere analyse. Acht kandidaat targets waren afkomstig van SAS procedures 

uitgevoerd op CSV van RR-MS patiënten (UH-RRMS1 tot en met 8), terwijl 1 

target was geselecteerd uit de PP-MS selectie procedures (UH-PPMS1). Het feit 

dat slechts 1 target werd geselecteerd voor PP-MS kan mogelijk te wijten zijn 



Chapter 7 

144 
 

aan een minder belangrijke rol van neuro-inflammatoire processen in de 

progressieve fase van MS. De geidentificeerde kandidaat targets vertoonden 

homologie met eiwitten die tot nu toe nog niet waren geassocieerd met 

antilichaam reactiviteit in MS. Bijvoorbeeld, UH-RRMS6 was homoloog aan het 

hypothetische eiwit hCG2045783. Bovendien vertoonde UH-RRMS4 gelijkenis 

met general transcription factor IIH, polypeptide 4 (GTF2H4), een eiwit 

betrokken bij DNA herstelmechanismen. In het verleden werd reeds een single 

nucleotide polymorfisme (SNP) in intron 11 van GTF2H4 geïdentificeerd dat werd 

geassocieerd met MS 284. Antilichaam reactiviteit tegen het panel kon worden 

bevestigd in serum en CSV van patiënten die gebruikt waren in de SAS 

procedures, wat er mogelijk op duidt dat het antilichaam repertoire 

overeenkomstig is in CSV en serum . Verder werd antilichaam reactiviteit tegen 

UH-RRMS7 gedetecteerd in CSV van 4 bijkomende MS patiënten (8%) en 1 

neurologische controle (3%). Samenvattend, in deze studie slaagden we er in 

om nieuwe antilichaam targets te identificeren voor RR- and PP-MS. Verder 

kregen we een indicatie dat het antilichaam repertoire mogelijk verschillend is 

binnen RR- en PP-MS. Echter is het noodzakelijk dat deze bevindingen in de 

toekomst verder onderzocht worden. 

   

Doelstelling 3: Karakterisatie van een nieuw kandidaat antilichaam 

target voor CIS en MS 

 

Een nadeel van faag display is de identificatie van mimotopen. Deze mimotopen 

lijken op hun natuurlijke targets, maar dit wordt niet perse weerspiegeld in een 

vergelijkbare aminozuur compositie. Om de identificatie van deze mimotopen te 

verminderen, hebben we in de SAS procedures gebruik gemaakt van cDNA faag 

display bibliotheken. Echter, een aantal van de geïdentificeerde kandidaat 

antilichaam targets in hoofdstuk 2, waaronder kandidaat target UH-CIS6, bleek 

toch een mimotoop te zijn. Antilichaam reactiviteit tegen UH-CIS6 werd 

gedetecteerd in CSV van CIS- en MS-patiënten alsmede ook in serum van een 

significant verhoogd aantal CIS- en RR-MS patiënten vergeleken met gezonde en 

neurologische controles.  
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Naar aanleiding van deze resultaten was het doel van deze studie om UH-CIS6 

verder te karakteriseren (hoofdstuk 4). Ten eerste ontwikkelden we een UH-

CIS6 peptide “enzyme-linked immunosorbent assay” (ELISA) om de UH-CIS6 

antilichaamrespons verder te bestuderen. Deze UH-CIS6 peptide ELISA bleek 

een verhoogde sensitiviteit te hebben ten opzichte van de in hoofdstuk 2 

gebruikte faag ELISA, aangezien meer anti-UH-CIS6 antilichaam positieve CSV 

samples konden worden geïdentificeerd wanneer de UH-CIS6 peptide ELISA 

werd gebruikt. Hierna onderzochten we de antilichaamrespons tegen UH-CIS6 in 

CSV van patiënten met CIS, MS en andere (ontstekingsgerelateerde) 

neurologische ziekten. Vergelijkbaar met de resultaten in hoofdstuk 2, was de 

frequentie van antilichaam reactiviteit gericht tegen UH-CIS6 significant 

verhoogd in CIS en RR-MS vergeleken met neurologische controles (p=0.046). 

Bovendien werd antilichaam reactiviteit tegen UH-CIS6 alleen gedetecteerd in 

CIS-patiënten die converteerden naar MS en kon niet worden waargenomen in 

CIS-patiënten zonder ziekte progressie. Deze bevindingen ondersteunen verder 

het prognostisch potentieel van UH-CIS6.  

 

Een tweede doel van deze studie was de identificatie van het in vivo target voor 

UH-CIS6. Hiervoor maakten we gebruik van een polyklonaal konijn anti-UH-CIS6 

antilichaam. Dit antilichaam was in staat om hetzelfde epitoop te binden als 

humane anti-UH-CIS6 antilichamen. Hiermee bewezen we dat dit konijn anti-

UH-CIS6 antilichaam geschikt was voor verdere experimenten. Om het in vivo 

target voor UH-CIS6 te identificeren, werd het konijn anti-UH-CIS6 antilichaam 

gebruikt voor immuunprecipitatie op een humaan hersenlysaat. Analyse van de 

immuunprecipitatie output identificeerde coronin-1a als een kandidaat target 

voor anti-UH-CIS6 antilichamen. Binding van zowel konijn als humane anti-UH-

CIS6 antilichamen aan coronin-1a kon worden bevestigd via Western blot 

analyse en ELISA. Daarnaast werden T-cellen en macrofagen geïdentificeerd die 

coronin-1a tot expressie brachten in een MS hersen laesie, waarmee de 

aanwezigheid van coronin-1a in MS hersenweefsel werd aangetoond. In 

conclusie, kunnen we stellen dat coronin-1a een nieuw antilichaam target is voor 

CIS en MS. Toekomstige studies moeten meer inzicht verschaffen in de rol van 

coronin-1a en de antilichaamrespons tegen dit eiwit in CIS en MS. Onder meer 

kunnen antilichamen gericht tegen coronin-1a worden gebruikt voor 
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experimenten in een diermodel voor MS, genaamd experimental autoimmune 

encephalomyelits. Op deze manier kan het effect van anti-coronin-1a 

antilichamen worden bestudeerd op het ziekteverloop.  

 

Doelstelling 4: Analyse van de antilichaamrespons gericht tegen MS 

antilichaam targets in CIS 

 

In een eerdere studie (hoofdstuk 2) identificeerden we UH-CIS6 als een nieuw 

kandidaat antilichaam target voor CIS en RR-MS en slaagden we er in om een 

gevoelige UH-CIS6 peptide ELISA te ontwikkelen voor de detectie van 

antilichaam reactiviteit tegen UH-CIS6 (hoofdstuk 4). Naast de 

antilichaamrespons gericht tegen UH-CIS6 in CSV, waren we ook geïnteresseerd 

in de analyse van de anti-UH-CIS6 antilichaamrespons in serum van CIS-

patiënten. Aangezien CIS een mogelijke eerste manifestatie van MS is, is het 

aannemelijk dat de antilichaamrespons in CIS en MS gericht is tegen een 

vergelijkbaar antigen repertoire. Inderdaad werd er voor enkele antilichaam 

targets, zoals bijvoorbeeld myelin oligodendrocyte glycoprotein (MOG), myelin 

basic protein (MBP) en het kalium kanaal KIR 4.1, antilichaam reactiviteit 

waargenomen in zowel CIS- als MS-patiënten (samenvatting is weergegeven in 

Tabel 1.1). Echter voor enkele MS antilichaam targets is de antilichaamrespons 

in CIS onbekend. Om deze reden onderzochten we in hoofdstuk 5 de 

antilichaamrespons tegen MS antilichaam targets sperm associated antigen 16 

(SPAG16), neurofilament-light (NF-L) en neurofascin (NF) in serum van CIS- 

patiënten en vergeleken dit met UH-CIS6. 

 

We analyseerden de antilichaamrespons tegen het panel van 4 antilichaam 

targets in serum van CIS-patiënten en gezonde controles. Voor UH-CIS6 werd 

een sensitiviteit van 15% en een specificiteit van 90% bekomen. Tevens was de 

gemiddelde antilichaam reactiviteit tegen UH-CIS6 verhoogd, hoewel niet 

significant, in de CIS-groep vergeleken met de gezonde controles (p=0.08). 

Anti-UH-CIS6 antilichaam reactiviteit correleerde met een stijging van de 

immunoglobuline G (IgG) concentratie in gepaarde CSV samples (p=0.012), wat 

mogelijk kan wijzen op de productie van anti-UH-CIS6 antilichamen in CSV. 

Verder testte 13% van de CIS patiënten positief voor antilichaam reactiviteit 
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tegen SPAG16 (specficiteit 95%), 7% voor NF-L (specificiteit 94%) en 8% voor 

NF (specificiteit 95%).  

 

De afwezigheid van een verschil in de antilichaam respons tegen NF in CIS-

patiënten en gezonde controles kan mogelijk te wijten zijn aan het NF eiwit dat 

werd gebruikt in deze studie. Recent werd namelijk aangetoond dat dit NF eiwit 

niet geschikt is om antilichaam reactiviteit tegen NF te meten 118. Om deze 

reden zijn in de toekomst nieuwe studies noodzakelijk om de anti-NF 

antilichaam respons in CIS-patiënten te bestuderen. Verder werd antilichaam 

reactiviteit gericht tegen meerdere targets zelden waargenomen in CIS-

patiënten. De bevindingen beschreven in deze studie tonen aan dat UH-CIS6 en 

SPAG16 mogelijk serum antilichaam targets zijn voor CIS. 

 

Eindconclusies 

 

In deze thesis hebben we nieuwe antilichaam targets geïdentificeerd voor CIS en 

MS door gebruik te maken van de krachtige SAS technologie. Voor de 

meerderheid van de geïdentificeerde antilichaam targets kon antilichaam 

reactiviteit worden aangetoond in CSV en/of serum in een subpopulatie van de 

geteste CIS- en MS-patiënten. Dit kan er mogelijk op wijzen dat de 

geïdentificeerde targets algemene antilichaam targets zijn binnen CIS en MS. 

Bovendien bleek antilichaam reactiviteit tegen één van onze targets, UH-CIS6, 

te corresponderen met antilichaam reactiviteit tegen coronin-1a. Hierdoor werd 

coronin-1a als een nieuwe antilichaam target voor CIS en MS geïdentificeerd. 

Met de verkregen resultaten kunnen toekomstige studies worden uitgevoerd, 

enerzijds gericht op de verdere analyse van de antilichaamrespons tegen 

coronin-1a en andere targets in CIS en MS. Anderzijds kunnen studies worden 

aangevangen om de rol van de antilichaamrespons tegen deze targets in het 

ziekteproces van CIS en MS te onderzoeken. 
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Tom. Ook jullie bedankt voor de fijne tijd op BIOMED! Evenals mede-

doctoraatstudenten Tess, Marjan, Kristof, Kris, Anurag, Raf, Stelios, Jo, Winde, 

Silke, Karen, Natalie, Evi V, Kaushik, Jeroen V en Katrijn. Veel succes met jullie 

toekomstige carrière en de afronding van jullie doctoraat! 

Pauline, onze weekendjes weg en vakanties zorgden voor de noodzakelijke  

ontspanning. Dankjewel voor het opzoeken van de vele artikels (en niet alleen 

voor mij ;)). Nog eventjes, en dan is het voor jou ook klaar! 

Last but not least. Pap en mam, hoe kan ik hier samenvatten wat jullie voor me 

hebben gedaan. Van het bezoeken van open dagen, het mij brengen naar 

BIOMED wanneer het erg sneeuwde (of juist erg warm was), oefenpubliek 

spelen voor presentaties, het nakijken van emails en andere teksten, tot zelfs 

het vullen van tipjes in het lab, niets was te veel. Dankjewel voor alles! 

 

Myrthe, juli 2013 

 

 

“Science, you don't know, looks like magic.”  

 Christopher Moore 
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