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Abstract  
Both Multiple Sclerosis (MS) and Guillan-Barré syndrome (GBS) are neurological inflammatory 

demyelinating autoimmune diseases, with a probable antibody contribution. Complement 

proteins in both MS and GBS does play a role in inflammation and demyelination at 

pathogenesis, according to earlier scientific evidence. The aim of this examination project work 

was to investigate systemic and intrathecal complement activation in MS and GBS, to gain 

further knowledge that might be useful for development of future therapeutics targeting immune 

responses during those diseases. An additional aim was to develop a new ELISA method for 

detection of complement iC3. 
 
By using sandwich ELISA, complement proteins C1q, C4, C3, fH and C3a were measured in 

plasma and cerebrospinal fluid (CSF) from persons within 4 different diagnostic groups; MS, 

other neurological diseases (OND), GBS and controls (C). An ELISA method to detect iC3 

(hydrolysed C3) was also developed, including usage of SDS-PAGE. Results based on raw data 

and statistical analysis show significantly elevated levels of C3a (C3a/C3) in MS and decreased 

C3 in plasma. In CSF low levels of C4 and C3a/C3 in MS were detected, though correlation of 

C3a and C1q was positive. GBS reveal high levels of all complement proteins analysed in CSF 

except for C3, and a positive correlation of C3a and C1q as well as C3a and fH was found.  

 

These results indicate that MS patients have systemic complement activation; however the 

activation pathway is not determined. Complement activation in MS may also occur 

intrathecally, with correlation analysis indicating a possible activation via the classical pathway. 

MS patients suffering from a more acute relapsing-remitting (RR) MS have a more prominent 

systemic complement activation compared to MS patients responding to beta-interferon 

treatment. Systemic increased C3a/C3 ratio may be a possible biomarker to distinguish more 

acute RR MS in an earlier step of MS pathogenesis and should be further investigated. GBS 

patients have an intrathecal complement activation that seems to occur via the classical pathway. 
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Swedish summary (svensk sammanfattning) 
 

 

Multiple Sclerosis (MS) och Guillan-Barré syndrome (GBS) är två autoimmuna 

sjukdomar i kroppens nervsystem, där myelinet som skyddar nerven bryts ned, en så 

kallad demyelinisering. Detta leder till förlamning i båda fallen, dock sker detta hos 

GBS i snabbare takt (total förlamning inom 4 veckor hos 20 % av patienterna), 

medan MS patienter upplever motoriska, sensoriska och visuella komplikationer till 

en början. I båda sjukdomarna så har kroppens immunförsvar fått en okontrollerad 

utveckling, där antikroppar är delaktiga till attacken mot myelinet. Även det så 

kallade komplementsystemet har genom tidigare forskning visat sig vara 

medverkande i både MS och GBS. Komplementsystemet är en del av kroppens 

immunförsvar, med främsta uppgift att eliminera främmande celler eller 

mikroorganismer; dels genom att upplösa dessa celler genom så kallad lysering, samt 

genom att markera de främmande cellerna och locka till sig andra celler i 

immunförsvaret, varvid inflammation uppkommer. En okontrollerad 

komplementaktivering kan leda till inflammation som kan drabba de egna cellerna 

och därigenom förorsaka vävnadsskada, istället för att vara riktat mot exempelvis 

den främmande bakterien vilket kan ge upphov till problem med autoimmunitet. I 

denna studie har fokus legat på att undersöka komplementsystemets aktivering i MS 

och GBS både systemiskt och intrathekalt (i CNS), med avsikt att få större kunskap 

som kan vara viktig för framtida läkemedelsutveckling, inriktad på immunsvaret som 

har en stor påverkan i båda dessa sjukdomar.  

 

 

 

Komplementproteinerna C1q, C4, C3, faktor H och C3a har analyserats med 

metoden ELISA, där proteinerna binds av antikroppar som gör att dessa kan 

detekteras i det analyserade provet – i detta fall plasma och hjärn- ryggmärgsvätska 

(cerebrospinal fluid, CSF) från MS-patienter, GBS-patienter, patienter med andra 

neurologiska sjukdomar (OND) samt kontroller (C). Statistiska analyser utfördes på 
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resultaten, och students t-test användes för att se om det fanns skillnader mellan de 

olika grupperna av patienter, även korrelationer genomfördes för att se om olika 

komplementprotein kunde relateras till varandra. Likaså utvecklades en ELISA- 

metod för att detektera komplementproteinet iC3 (hydrolyserat C3), men den 

metoden behöver dock ytterligare förbättring. 

 

 

En signifikant ökad mängd av aktiveringsproteinet C3a utifrån kvoten C3a/C3 

detekterades i MS, samt minskad mängd C3. I CSF hos MS påträffades det låga 

nivåer C4 och lågt C3a/C3, med positiva korrelationer av C3a mot C1q och fH. I 

CSF från GBS kunde stora mängder av alla proteiner utom C3 detekteras, samt 

positiva korrelationer mellan C3a mot C1q och fH. Dessa resultat tyder på en 

systemisk komplementaktivering hos MS patienter, dock så kunde inte 

aktiveringsvägen fastställas. Komplementaktivering kan möjligen även ske 

intrathekalt i MS och korrelation mellan C3a och C1q tyder på att detta skulle ske via 

den klassiska vägen, men detta är dock ett osäkert påstående pga. bristande bevis. 

Hos patienter som lider av en svårare MS, tyder resultaten på att en systemisk 

aktivering i större utsträckning äger rum. Därigenom kan man möjligen anta att en 

systemisk ökning i kvoten C3a/C3 skulle kunna tjäna som en markör för att urskilja 

patienter med en svårare behandlad MS i ett tidigare skede, detta behöver dock 

vidare undersökningar. Vad gäller GBS så tyder resultaten på att dessa patienter har 

en intrathekal komplementaktivering som verkar ske via den klassiska vägen. 
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Abbreviations 
 

 

APW Alternative pathway 

BBB Blood-brain barrier  

BSA  Bovine serum albumin 

C Controls 

CNS  Central nervous system 

CPW Classical pathway 

CSF  Cerebrospinal fluid  

EAE Experimental autoimmune encephalomyelitis  

ELISA  Enzyme-linked immunosorbent assays  

fH Complement factor H 

GBS Guillan-Barré Syndrome 

HRP Horseradish peroxidise  

LPW Lectin pathway 

MAC  Membrane attack complex 

MBL Mannose binding lectin  

MS Multiple Sclerosis 

OND Other neurological diseases 

PBS  Phosphate buffered saline  

PNS Peripheral nervous system 

RR Relapsing remitting 

RT Room temperature 

SEM Standard error of the mean 

SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel electrophoresis  
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1. INTRODUCTION 
 

 

1.1 Complement System 
 

 

The complement system is a central part of the innate immunity, with the aim to 

protect the body from microorganisms and from infection. Activated complement 

cooperates with both phagocytic -and natural killer cells in the innate immunity as 

well as with antibodies in the adaptive immunity (Abbas et al., 2005).  

 

 

Most of the 20-30 complement proteins that exist circulate unactivated in the 

bloodstream. Though, a number of membrane-bound complement proteins act as 

complement receptors and regulators. Complement proteins generally emerge from 

the liver though local synthesis in other cells and tissues does occur (Mölne et al., 

2007). In central nervous system (CNS), neurons, oligodendrocytes (OLG) and 

astrocytes are able to produce complement proteins (Rus et al., 2001). 

 

 

The complement system has certain functions in the innate immunity such as defence 

against infection, e.g. to facilitate phagocytosis, connection between innate and 

adaptive immunity and removal of waste products e.g. immune complexes and dead 

cells (Mackay et al., 2001). 

 

 

In these processes the complement protein C3 (185 kDa) is of high importance since 

it plays a central part of complement activation. Activation of the complement 

system result in the formation of the enzymatic C3- convertase complexes that cleave 

C3, which provide further activation of the complement cascade (Mölne et al., 2007). 
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Opsonisation of bacteria that facilitates phagocytosis, is achieved when C3 is cleaved 

into the fragments C3a (9 kDa) and C3b (176 kDa). The bacterial surface is then 

covered with C3b fragments by a reactive thioester group that forms amid- or ester 

bond to the target. The thioester bond exists within both C3 and C4 and is activated 

when cleaved (Mölne et al., 2007; Ekdahl et al., 1992). This mechanism is therefore 

also valid for the complement protein C4 that is cleaved into C4a and C4b, where 

C4b have the ability of binding to the cell surface (Mölne et al., 2007). Water 

molecules are bound to the fragments C3b and C4b if they do not bind to e. g. 

surfacebound hydroxyl groups, and are thus inactivated (Mackay et al., 2001). 

 

 

 

Fig. 1. Activation of the reactive thioester group of complement proteins C3 and C4 through 
cleavage, which enables the C3- and C4-fragments C3b and C4b to bind to pathogen surfaces 
(adapted from Mölne et al., 2007). 

 

 

Another function of C3b is to merge with the C3-convertase composed of C4b2a by 

the classical pathway, or C3bBbP by the alternative pathway and thereby form into 

the enzymatic C5-convertases. Each C5-convertase cleaves C5 into C5a and C5b 

where C5b participate at the terminal event of the complement activation. This 

consists of the formation of the membrane attack complex (MAC) where C5b, C6, 

C7, C8 and multiple C9 join together on the cell membrane of pathogens causing 

lysis (Abbas et al., 2005). The complement activation also generates the complement 

fragments C3a, C4a and C5a which act as anaphylatoxins. These attract 
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inflammatory cells such as neutrofils, eosinofils, monocytes and T lymphocytes and 

thus trigger inflammation (Mölne et al 2007).  

 

 

There are three activation pathways of the complement system named as the 

classical-, lectin- and the alternative pathways (Abbas et al., 2005).  

 

 

The classical pathway 

 

 

Activation of the classical pathway (CPW) initiates after interaction between the 

recognition molecule C1q and antibody-antigen complexes containing  IgG or IgM. 

This is achieved by binding of the Ca
2+

- dependent complement C1-complex. This 

protein complex consists of the immunoglobulin binding C1q with several globular 

head domains, and the smaller proenzymes C1r and C1s. When two or more globular 

heads of C1q are involved in the binding process, C1r is activated as an enzyme that 

enables C1s to cleave the complement proteins C4 and C2. The complement proteins 

C4 and C2 are then split in two parts, one smaller and one larger. The smaller part of 

C4 is named C4a and the bigger C4b whereas C2 has the small part named C2b and 

the larger C2a. The enzymatic C3-convertase is formed when two of these form the 

complex C4b2a, attached to the foreign surface (Mölne et al., 2007).  

 

 

The lectin pathway 

 

 

Complement activation through the lectin pathway (LPW) starts with complement 

factor mannose binding lectin (MBL). This factor recognizes and binds to 

polysaccharides such as N-acetylglucosamine and mannose which both are 
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components of bacteria and yeast fungus (Mölne et al., 2007; Abbas et al., 2005). An 

enzymatic complex is formed with serine proteases, when MBL bind to 

oligosaccharides on surface. MBL associated serine proteases (MASP-1 and MASP-

2) activate and the result is cleavage of C4 and C2. The fragments of C4 and C2 then 

forms C3-convertase just like the CPW and the complement cascade can proceed to 

the terminal event of the complement activation where MAC is formed (Song et al., 

2000; Lessey et al., 2008; Mölne et al., 2007). 

 

The alternative pathway 

 

 

The alternative pathway (APW) is activated when C3b molecules in the plasma 

formed by a slow “tick-over” cleavage, covalently binds to hydroxyl groups at 

proteins and carbohydrates on cell surfaces (Mölne et al., 2007). During the “tick-

over” does hydrolysis of thioester group in C3 also take place, where C3 is cleaved 

into “iC3” different from ordinary cleavage. This structure iC3 is able to form 

alternative C3-convertase and possess similar properties as C3b (Bexborn F., 2007). 

In APW is complement factor B in the blood plasma then bound to surface-bound 

C3b. To form the C3-convertase of the APW, the active enzyme factor D cleaves 

C3b-bound factor B into Bb and the smaller fragment Ba. The C3bBb complex is 

stabilized when properdin (P) binds to the complex. The alternative C3-convertase 

C3bBbP then amplifies the amount C3b, by cleaving C3-molecules. The APW also 

works as a backup to enhance complement activation through CPW or LPW 

(Mackay et al., 2001; Mölne et al., 2007).  
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Fig.2. The classical-, lectin- and alternative pathway of the complement cascade.  
Proteins framed with a box are the complement proteins analyzed in this study (C1q, C4, C3, C3a and 
factor H) to investigate the complement activation in MS- and GBS patients. The only regulating 
protein depicted is factor H because of its part in the study, other regulating proteins is only 
described in text. Factor H prevents binding of factor B to C3b by binding to C3b itself, and thereby 
inhibit the formation of C3-convertase. (Adapted from Favoreel et al., 2003) 
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Regulation of the Complement system 

 

 

The complement system is as reviewed an important tool of the innate immunity. For 

the system to be balanced, there are several regulating proteins and inhibitors to 

prevent an uncontrolled activation of the system. An uncontrolled activation of the 

complement system might harm the host rather than the pathogen and problems with 

autoimmunity will occur (Lessey et al., 2008). 

 

 

Erythrocytes and leukocytes are protected from complement attack by membrane 

bound decay-accelerating factor (DAF). DAF disrupts the C3-convertases that will 

dissociate and therefore be inactivated. To prevent MAC from establish at the host 

cells CD59 block binding of C9 to the complex C5-C8. (Mölne et al., 2007; Song et 

al., 2000) However, these regulatory proteins have been studied in CNS where they 

seem to be deficient at especially myelin and OLG (myelin producing cells), hence 

giving them a lacking protection from complement attack (Rus et al., 2001). 

 

 

The classical pathway has a specific C1-inhibitor that controls the C1 complex, 

thereby preventing the C3-convertase to develop. Inactivation of the classical and 

lectin C3-convertase is also available through C4-binding protein (C4BP) that binds 

to C4b fragments and prevents formation of C3-convertase (C4b2a) (Mölne et al., 

2007). 

 

 

When activation occurs via the APW, C3b is able to bind to complement factor H 

(fH) instead of binding to factor B, which enables the enzymatic complement factor I 

to cleave the complex. Cleavage with factor I results in an inactivated C3b (iC3b) 

that is incapable of binding factor B. Thus the formation of the alternative C3-

convertase is inhibited and the complement activation is reduced (Mölne et al., 2007; 
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Song et al., 2000). Sjöberg et al. (2008) suggest an influence of fH to complement 

activation via CPW, since fH seem to have the ability of binding to the C-reactive 

protein (CRP) that acts as an activator of CPW, as well as interacting with other 

complement targeted endogenous cells.  

 

 

The binding of factor H to C3b is localized at host cell surfaces with negative charge 

whereas binding of factor B is more favorable at surfaces of pathogens such as 

bacteria. This secures the complement activation via the APW to invading pathogens 

that also direct the other activating pathways. The protection of host cells is even 

higher when the complement receptor CR1 guards the host cells from complement 

activation  (Mölne et al., 2007).  

 

 

 

1.2 Multiple Sclerosis 
 

 

Disease profile 

 
 
The disease profile of multiple sclerosis (MS) is an inflammatory demyelinating 

process in CNS where damage to neural tissue occurs. The origin of MS is believed 

to be autoimmune and mediated by T cells that targets myelin (Abbas et al., 2005) 

and OLG (McFarland et al., 2007; Prat et al., 2005). Demyelination forms cortical 

plaques within the cortex in the white matter, where axonal damage is centred (Brück 

et al., 2003; Lampert et al., 1978). Sensitivity to evolve MS is believed to depend on 

both genetic and environmental factors. MS also seem to afflict women to a greater 

extent than men (>2:1) such as in many other autoimmune diseases (Zamvil et al., 

2003). Patients with MS experience a fluctuating clinical course with episodes of 

severe illness with motorical, visual and sensory indications. During MS 
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pathogenesis, many patients develop relapsing-remitting (RR) MS, which may 

develop to another subtype of MS such as secondary progressive (SP) MS and more 

rarely into primary progressive (PP) MS (Medical Products Agency, 2009). 

 

 

MS is considered to initiate with acute inflammatory lesions together with damage to 

the blood-brain barrier (BBB) (McFarland et al., 2007). The function of BBB is to 

divide brain from plasma and the systemic system and therefore protein passage 

across the fluids is blocked. However, if BBB is injured in some way (e.g. 

inflammation, infection etc.) this blockade has failed and proteins are more easily 

able to migrate across the barrier (Rus et al., 2001). To reveal damage to BBB the 

albumin ratio (CSF (mg/L) / plasma (g/L)) is used as a marker, with reference value 

5.0 (Laurells et al., 2003). 

 

 

Pathogenesis of MS is progressing with activated T-cells migrating through BBB, 

achieved through the integrin (VLA-4) on T-cell surface that bind vascular cell 

adhesion molecule-1 (VCAM-1) coupled to endothelial cells in BBB (Zamvil et al., 

2003). In CNS does then T cells (possibly CD4
+
) recognize myelin antigens 

demonstrated by antigen-presenting cells (APC), causing an inflammation cascade 

with demyelination as result. T-cells activate several inflammatory cells by binding 

to myelin, such as macrophages and inflammatory cytokines that will be produced 

(Ingram et al., 2008).  B-cells enter CNS through BBB, where they as plasma cells 

synthesize antibodies against myelin antigens that initiates further demyelination and 

activate complement cascade to formation of MAC, that target the myelin sheath 

(Rus et al., 2006; Zamvil et al., 2003). Antibody-mediated complement activation 

towards myelin has been demonstrated in MS patients (Rus et al., 2006; Prat et al., 

2005) as well as antibody-independent complement activation (Zamvil et al., 2003). 

Myelin is also thought to get C3b opsonisation and thus myelin is further damaged 

and phagocytised by macrophages (Rus et al., 2006). 
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The pathogenesis of MS develops with demyelination at first, which through damage 

of the myelin also contributes to axonal damage, although several studies have found 

that remyelination occurs in RR MS. In advanced MS the pathogenesis converts to 

permanent axonal loss, e.g. “Wallerian degeneration”, in demyelinating lesions in 

white matter. This leads to disability (e.g. paralysis) and that the brain eventually 

undergoes atrophy, symptoms of long term MS patients (Zamvil et al., 2003; 

Bjartmar et al., 2001). Some studies demonstrate a possible involvement of gray 

matter (e.g. cerebral cortex) as well (Zipp et al. 2006; Bjartmar et al., 2001). 

 

 

Inflammatory, neurodegenerative and cerebrovascular diseases have some aspects in 

common where complement activation is one of these. Ingram et al. (2008) suggest 

that complement contribute to the course of MS disease, based on pathogenesis, 

animal models and functional studies. However, the complement function and 

participation in MS is not yet entirely established. Earlier studies have showed results 

of systemic and intrathecal complement activation in MS (Ingram et al., 2008). 

 

 

Much of the information regarding complement involvement in MS and therapeutics 

is carried out with the animal model experimental autoimmune encephalomyelitis 

(EAE), but also through patient studies.  Several animal studies suggest that the 

APW participate in causing the disease, whilst participation of the remaining 

pathways isn’t as clear (Ingram et al., 2008). Some EAE studies have also showed an 

involvement of MAC during the demyelination (Ingram et al, 2008; Rus et al., 2006). 

There have been found C1q, C3d and MAC connected to macrophages in MS 

lesions. Rus et al. (2006) also demonstrate a complement activation that involves two 

issues, neuroinflammation and neuroprotection (Rus et al., 2006). Further aspects of 

MS are contribution of the anaphylatoxin C3a that participate in the inflammation 

(Ingram et al., 2008).  
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Therapeutics 

 

 

To treat MS, there are only a few numbers of inhibitor drugs available at moment, 

and they are unfortunately not that successful since most treatments are associated 

with side effects. However, more successful medications to treat MS are under 

development, for instance a combination therapy that might be more effective 

(Zamvil et al., 2003). To improve the life situation for MS patients are therapeutics 

against MS symptoms such as pain very important (Medical Products Agency, 2009). 

 

 

Anti-inflammatory therapeutics for MS might improve chances to prevent the axonal 

loss that disables MS patients, unfortunately this therapeutic is not yet sufficient 

(Zipp et al. 2006; Bjartmar et al., 2001). Also treatments that are set in early in the 

disease may be successful when a lot of damage occurs during the first steps, as well 

as biomarkers that can indicate the disease onset (Bjartmar et al., 2001). 

 

 

MS patients get interferon beta (IFN-β) (Betaferon
®
) at indications of RR MS or 

patients at risk for developing RR MS. Betaferon
®
 consist of an interferon beta-1b 

that have anti-inflammatory properties and increases the integrity of the BBB, that 

have proved a clinical effect in MS patients. A few more medical products use 

interferon as active substance at approximately same MS-indications as Betaferon
®

 

(FASS, 2009). 

 

 

One other therapy for MS patients is the monoclonal antibody natalizumab (Tysabri) 

that targets BBB and the immune cell migration, and works as an anti-VLA-4 

integrin (Prat et al., 2005). Indication for mono-therapy treatment with natalizumab 

is an active RR MS. Patients with interferon beta treatment are selected for treatment 
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with natalizumab if they do not respond to interferon beta therapy (Medical Products 

Agency, 2009).  

 

 

Pharmacodynamics of natalizumab intends to interact with α4β1-integrin (VLA-4) 

expressed on leukocytes, e.g. T-cells (Medical Products Agency, 2009). During T-

cell passage, this blocking with natalizumab prevent VLA-4 to bind vascular cell 

adhesion molecule-1 (VCAM-1) that is coupled to endothelial cells in BBB (Linker 

et al., 2008). The overall effect of natalizumab is a decreased number of T-cells 

located in CNS through reduced passage at BBB, which improve the clinical 

prospect of MS (Medical Products Agency, 2009).  Therapy against T cells or their 

presence in CNS influences how MS is proceeds in a positive direction (Prat et al., 

2005). 

 

 

However, natalizumab has several side effects, where progressive multifocal 

leucoencephalopati (PML) is the most severe one that has been reported in two MS 

patients under combination of natalizumab and beta-interferon treatment (Linker et 

al., 2008; Medical Products Agency, 2009). PML is a reinfection of CNS with 

Pylomavirus that targets individuals with low immune defense (e.g. patients under 

immunosuppressive treatment). Also liver problems have been reported in patients 

with natalizumab treatment (Medical Products Agency, 2009). 
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1.3 Guillan- Barré Syndrome 
 

 

Disease profile 

 

 

Guillan-Barré Syndrome (GBS) is a neurological disease, which clinical picture is an 

acute neuromuscular paralysis with autoimmune origin (Willison et al., 2005).  The 

pathogenesis of GBS involves demyelination within the peripheral nervous system 

(PNS) (Lampert et al., 1978) where both myelin and Schwann cells 

(myelinproducing cells in PNS) are targets (Willison et al., 2005). Throughout PNS, 

lesions of demyelinated peripheral nerves are spread affecting mostly nerve roots and 

ganglia, involving lymphocytes (e.g. auto reactive T-cells and B-cells (Gold et al., 

2006)) in more new lesions whilst macrophages contribute in the older ones. At 

lesions with a more prominent demyelination and larger quantity of attacking cells, 

axonal damage may occur due to lacking protection from the myelin sheath (Lampert 

et al., 1978). In 1916 Guillain, Barré and Strohl pictured the syndrome for the first 

time, generally in line with today’s current clinical picture (Hughes et al., 2002). 

 

 

About 20 % of all GBS-patients suffer from a complete paralysis after the acute 

pathogenesis of GBS that evolves within approximately 4 weeks. Clinical picture 

described above, picture the usual type of GBS, so called “acute inflammatory 

demyelinating polyneuropathy” (AIDP). Other variants of GBS are “acute motor 

(and sensory) axonal neuropathy” (AMAN, AMSAN) that target nerve roots and 

distal nerve terminals (Willison et al., 2005). 

 

 

Studies have demonstrated complement activation in the pathogenesis of GBS where 

antibodies participate (Ingram et al, 2008; Lampert et al., 1978). These antibodies 

seem to contribute in the demyelination due to results of antibodies in tissue cultures, 
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and are found in serum of GBS patients (Lampert et al., 1978). New findings of 

complement activation in animal model research of GBS indicate that the activation 

is antibody-mediated via the CPW, as like human pathological studies suggest. The 

complement formation MAC is present at nerve lesions at GBS pathogenesis, 

indicating to be a potential therapeutic target. Autoantibodies in GBS pathogenesis 

seem to be directed towards different glycolipids at targeted myelin of nerves 

throughout PNS (Willison et al., 2008).  

 

 

Poorly regulated complement activation can together with other mechanisms be 

involved in inducing the disease, although it may not be the definitive cause (Ingram 

et al, 2008). Virus infections might be involved in GBS onset, especially viruses such 

as myxovirus, paramyxovirus and herpesvirus, which integrate with host membranes 

(Lampert et al., 1978). 

 

 

Therapeutics 

 

 
In GBS plasma exchange (PE) has proved to be a successful treatment, one trial have 

demonstrated significant difference in a positive direction of disease development in 

patients with performed PE than without PE (Hughes et al., 2002). Treatment with 

PE is considered to be the ordinary therapeutics for GBS as well as intravenous 

immunoglobulin (IVIg) such as Octagam that modulate the immune levels in GBS 

patients (Internetmedicin, 2009). IVIg such as Octagam may act as a neutralist of 

pathogenic antibodies during disease. Studies have also shown that combination 

therapy with PE and IVIg do not increase the therapeutic effect (Gold et al., 2006). 

Of all treated patients does approximately 80 % recover, though with varying 

impaired health such as physical and mental status (Rudolph et al., 2008). 
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Willison et al. (2005) suggest that therapeutics against the antibody-mediated 

pathogenesis including complement in GBS could be an efficient objective for 

further investigation. 

 

 

1.4 Aim 

 

The aim of this project was to study the systemical and intrathecal activation of the 

complement system, in both MS and GBS-patients, and compare the findings. An 

additional aim was to develop a new ELISA method for detection of complement 

iC3. 

 

 

2. PATIENTS, MATERIALS AND METHODS 
 

 

This study was approved by the Ethics Committee at the Linköping University, 

Sweden. 

 

2.1 Patients 
 

MS and OND 

 
In this study, 61 EDTA plasma- and 63 CSF samples from Linköping University 

Hospital, Sweden, were collected from patients with MS and other neurological 

diseases (OND). Of those patients, 3 were omitted from the study because of 

unknown diagnosis, as well as 6 plasma-samples that were missing. This resulted in 

52 plasma-samples and 60 CSF-samples to be investigated. Samples from patients 

with OND consisted of 4 plasma-samples and 9 CSF-samples due to missing plasma-

samples.   
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MS group consisted of MS patients responding to interferon-treatment as well as MS 

patients that did not respond to this treatment. These MS patients with a more acute 

RR MS that did not respond to interferon, were selected for future treatment with 

Tysabri (natalizumab). The total number of MS group was 48 plasma-samples and 51 

CSF-samples. 

 

GBS 

 
From 10 patients with GBS, samples were collected at Linköping University 

Hospital. One GBS-patient lacked the CSF sample and therefore only 9 CSF samples 

were analysed. However, during analysis of complement proteins, one GBS-patient 

was found to suffer from strongly elevated levels in CSF of all complement proteins 

but C3, which supports a possible BBB damage.  During statistic analyses, this 

patient were excluded in CSF results, since the statistic results showed deceptive 

numbers that could give a false picture of average GBS patients. This exclusion was 

supported by Grubbs’ test. Thus the final number of GBS patient analyses of CSF 

was 8 and in plasma 10. 

 

Controls 

 
As controls, 19 patients from a recent study of neuroborreliosis were used 

(Henningsson et al, 2007). These samples of both plasma and CSF were collected 

from July 2002 to February 2005 at Åland Central Hospital from patients who 

suffered symptoms of suspected neuroborreliosis.  However, these patients did not 

have any form of borreliosis, and were thus classified as controls. Further, these 

control-patients did not show any CNS involvement and was therefore suitable as 

controls in this study. 

 

 

For number of patients in diagnostic groups see table I. Collected samples were 

stored at -80˚C. 



[21] 
 

Table I     

Number of patients in diagnostic groups     

  MS OND GBS C 
     

Plasma (n) 48 4 10 19 

CSF (n) 51 9 8 19 

          

 

 

2.2 Methods 
 

Enzyme-linked immunosorbent assays (ELISAs) for detection of complement 
proteins C1q, C4, C3, factor H and C3a.  

 

 

Complement proteins in EDTA-plasma- and cerebrospinal fluid (CSF) samples were 

measured with sandwich ELISA (Henningson et al., 2007), see figure 3. Controls of 

pooled plasma from blood donors were included in each ELISA measurement, as 

well as a standard-curve with a 2-fold serial dilution and known concentrations for 

each protein. In the C3a assay, zymosan-activated serum was used as a standard.  

 

 

Fig.3. Sandwich ELISA with coating antibody, analysed protein (in this study complement protein), 
detecting biotinylated antibody, HRP-linked streptavidin and substrate (Adapted from New England 
Biolabs, 2009). 
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At ELISA, working buffer was used containing washing buffer, 1 % bovine serum 

albumin (BSA) (Sigma, St Louis, MO, USA) and 10 mM EDTA. Washing buffer 

consist of phosphate buffered saline (PBS) and 0.05 % Tween 20. PBS contains 10 

mM phosphate buffer and 145 mM NaCl at physiological pH 7.4. 

 

 

Maxisorp microtiter plates (Nunc, Roskilde, Denmark) were coated with 150 µl/well 

of primary antibody diluted in PBS at 4˚C over night. The plates were then blocked 

with working buffer and incubated for 60 min at room temperature (RT). Plasma-

/CSF-samples, standard and controls diluted in working buffer, were added 100 

µl/well and incubated for 60 min at RT. Biotinylated secondary antibody diluted in 

working buffer was incubated for 60 min at RT with 100µl/well. After secondary 

antibody, Streptavidin horseradish peroxidise (HRP) (Amersham, Biosciences, UK) 

diluted 1:500 in working buffer was incubated for 15 min at RT with 100µl/well. 

Detection was then carried out with addition of 100 µl/well substrate (250 µl o-

Phenylenediamine (OPD, pH 5.0, 20 mg/L, Sigma) and 20 µl H2O2 in 20 ml 0.1 M 

citrate phosphate buffer respectively tetramethylbenzidine (TMB) (Sigma) for C3a 

detection. The enzymatic reaction was stopped with 100 µl/well 1M H2SO4 after 

approximately 5 min. The plates were measured with ELISA reader SpectraCount 

(Packard, Canberra Company) at 490 nm for OPD and 450 nm for TMB. 

 

 

Every incubation step of the microtiter plate was followed by washing 3 times with 

washing buffer. Concentrations of each complement protein in the samples were 

determined with Deltasoft (BioMetallics Inc, Princeton NJ, USA) software. (For 

antibodies and antibody dilutions see Table II and Table III) 
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Table II 

     ELISA antibodies 

 Primary antibody     Secondary antibody   

Assay (coating)     (detecting)   

         

C1q 
anti-hu-C1q  Biotinylated anti-hu-C1q  

(A0136, Dako, Glostrup, Denmark) 1:500 (A0136, Dako, Glostrup, Denmark)1:3000 

C4 
anti-hu-C4  Biotinylated anti-hu-C4  

(A0065, Dako, Glostrup, Denmark) 1:300 (A0065, Dako, Glostrup, Denmark)1:3000 

C3 
anti-hu-C3c  Biotinylated anti-hu-C3c  

(A0062, Dako, Glostrup, Denmark) 1:3200 (A0062, Dako, Glostrup, Denmark) 1:3000 

fH 
anti-hu-factor H  Biotinylated anti-hu-factor H  

(PC030, Binding site, Birmingham, UK) 1:8000 (PC030, Binding site, Birmingham, UK) 1:400 

     

+ anti-hu-factor H  

(PC030, Binding site, Birmingham, UK) 1:800 

C3a Mab anti-hu-C3a (SD17.3)
1
 1:300  Biotinylated anti-hu-C3a 1:150 

                  

 

 

 

Table III 

   ELISA dilutions 

Assay Standard (µg/L)a Controls Plasma CSF 

     

C1q 196.6 - 3.072 1:10 000 1:6000 1:100 

C4 191.3 – 2.99 1:10 000 1:10000 1:100 

C3 500 – 0.008 1:10 000 1:10000 1:100 

fH 250 – 3.91 1:10 000 1:10000 1:25 

C3a 3.49 – 0.054 1:1000 1:1000  1:10 

          
a 
Numbers show highest concentration of standard curve – lowest concentration, a serial 2-fold 

dilution. 
 
 
 
 
 

                                                      
1
 Ekdahl et al.1992 
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Development of ELISA method for detection of iC3  

 

 

Since only a few ELISA protocols have been established for detection of iC3, a new 

method was developed resulting in protocol below. During development of iC3 

assay, biotinylated antibody was tested in different dilutions, as well as coating in 

different dilutions to find the optimal protocol.  

 

 

 Coating with monoclonal antibody C3a diluted 1:300 in PBS at 4˚C over 

night.  

 Blocking with working buffer for 60 minutes. 

 An iC3 preparation was served as standard with concentration 740 µg/L in a 

2- fold serial dilution in working buffer. Plasma-samples diluted 1:200, a 

control diluted 1:200 was included in each assay. 

 For detecting antibody, biotinylated α-C3c diluted 1:1500 was used. 

Streptavidin HRP diluted 1:500. 

 Detection with addition of substrate (250 µl OPD and 20 µl H2O2 in 20 ml 

0.1 M citrate phosphate buffer pH 5.0) and the plate is then measured at 490 

nm with ELISA reader SpectraCount. 

 

 

 

Validation of ELISA method was done with plasma samples from Uppsala as well as 

a number of selected samples from MS population, which were measured according 

to protocol above. This demonstrated that iC3 assay is not performable in samples 

with high C3a levels (>200 µg/L). Earlier studies describe this phenomenon as C3a 

to compete with iC3 of the coating monoclonal antibody C3a (Ekdahl et al., 1992). 

MS-samples and Control-samples included in the study were measured with iC3 

protocol.  
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Sodium dodecyl sulphate-polyacrylamide gel electrophoresis  

(SDS-PAGE) 

 

 

For preparation of iC3 standard, a SDS-PAGE was done to determine quantities of 

pure iC3 in sample. 

 

 

A 7.5 % separating gel was casted as well as a 4 % stacking gel. The iC3 sample was 

prepared in three different concentrations 1.25, 2.5 and 5.0 µg together with PBS and 

reducing electroforesis buffer containing β-mercaptoethanol and SDS, at a total 

amount of 25 µl for each sample. Samples were boiled for 5 minutes at 100˚C. 

Controls used were human C3, C3b and iC3b. After polymerisation of the gel the 

samples, controls and marker (Precision Plus Protein Standards, Biorad, 

California,USA) were loaded with 20 µl to the loading wells. 

 

 

Electrophoresis was carried out at 120 V for about 2 hours. When samples had 

wandered to the bottom of the gel the system was stopped and gel transferred to a 

box with Comassie Brilliant Blue stain and incubated over night at RT shake. The gel 

was destained with destain solution (acetic acid, methanol and water) and then dried 

at RT. 

 

2.3 Data handling and statistics 
 

 

Statistical analyses were made of all raw data using GraphPad Prism 5.0 and 

assembled for evaluation in tables. Student’s t-test were used with a confidence 

interval of 95 % to compare complement concentrations of the different patient 

groups Multiple Sclerosis (MS), other neurological diseases (OND), Guillan-Barré 
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syndrome (GBS) and controls (C). At statistical analyses was p < 0.05 assumed as 

significant. Mean and standard error of the mean (SEM) was calculated and 

correlations in MS and GBS were analysed with Spearman correlation analyses. 

Grubbs’ test was performed to determine whether one of the GBS-patients was a 

significant outlier from the others. 

 

 

3. RESULTS 
 

 

Levels of each analysed complement protein are shown with mean and SEM of 

plasma and CSF, in tables IV and V respectively. Table VI and VII below, show 

statistic results of complement levels in plasma and CSF. Every diagnostic group 

have been analysed and compared to one another with t-test, demonstrating p-value 

and significant difference (Sign. = significant). Variation coefficients (CV) of 

controls used in ELISA are demonstrated in table VIII. Grubbs’ test revealed one 

GBS patient to be a significant outlier (p<0.05) for complement levels C1q, fH and 

C3a, compared to the rest. 

 

 

Table VIII      

Variation coefficients of controls in ELISA   

 C1q C4 C3 C3a fH 
      

CV (%) 15 15 19 20 16 
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Complement levels in plasma 

 

 

Table IV     

Complement levels in plasma b   

Diagnostic groups MS (n=48) OND (n=4) GBS (n=10)   C (n=19) 
  Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 

     

C1q (mg/L) 129 ± 13 126 ± 18 124 ± 18 118 ± 5 

C4 (mg/L) 215 ± 18 145 ± 11 226 ± 34 205 ± 10 

C3 (mg/L) 810 ± 54 591 ± 83 1351 ± 201 1346 ± 93 

C3a (µg/L) 79.08 ± 2.49 79.58 ± 14.51 83.61 ± 5.25 84.64 ± 4.98 

fH (mg/L) 469 ± 30 280 ± 21 696 ± 55 572 ± 29 

C3a/C3 * 1000 0.11 ± 0.01 0.13 ± 0.02 0.07 ± 0.01 0.07 ± 0.004 

          
b 

Reference values of complement levels in plasma; C1q (54.6-91.7 mg/L); C4 (130-320 mg/L); C3 

(670-1290 mg/L); fH no ref.; C3a (92-268 µg/L) (Department of Clinical Immunology, Uppsala 

University Hospital, Sweden). 

 

 

 

Table VI 

Statistic results of an unpaired t-test of complement levels in plasma 

Two-tailed p-value (p < 0.05)         

  MS - OND MS - GBS MS - C OND - GBS OND - C GBS - C 

       

C1q p-value 0.94 0.8459 0.5676 0.9425 0.5498 0.6851 

Sign. No No No No No No 

C4 p-value 0.2756 0.7857 0.7302 0.1629 0.0177 0.439 

Sign. No No No No Yes No 

C3 p-value 0.2568 0.0006 < 0.0001 0.0393 0.0016 0.9788 

Sign. No Yes Yes Yes Yes No 

C3a p-value 0.9584 0.4507 0.2744 0.7442 0.6918 0.8972 

Sign. No No No No No No 

fH p-value 0.0799 0.0022 0.0504 0.0006 0.0002 0.0354 

Sign. No Yes No Yes Yes Yes 

C3a/C3 p-value 0.5305 0.0789 0.0036 0.0225 < 0.0001 0.4908 

Sign. No No Yes Yes Yes No 
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In plasma, no differences between the four diagnostic groups were found for C1q. 

This could also be demonstrated for C4, except for OND that showed a lower level 

of this protein, significantly different from C. Both MS and OND had significantly 

lower levels of C3 in contrast to GBS and C. Levels of C3a show no variation among 

diagnostic groups. However, ratio of C3a/C3 that reveal C3a part of total C3, 

demonstrate a higher amount of C3a/C3 in MS and OND, with a significant 

difference for MS compared to C, and OND compared to GBS and C, see figure 4. 

Considering fH; GBS does show increased levels, significant to all other diagnostic 

groups, whereas OND reveal low levels significant to GBS and C. 

 

 

 
Fig. 4. C3a/C3 ratio was calculated from C3a and C3 concentrations in plasma measured with ELISA. 
MS, Multiple sclerosis and Tysabri

2
 patients (n=48); OND, other neurological diseases (n=4); GBS, 

Guillan-Barré syndrome (n=10); C, Controls (n=19). Students t-test was used for statistical analysis 
with significant difference at p < 0.05. Unfilled squares in MS column show Tysabri patients (n=34) 
and filled squares MS patients (n=14). Mean for Tysabri patients is calculated to 0.14 ± 0.01 and for 
MS patients 0.09 ± 0.01 and significantly different, p=0.0070. 
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In figure 3 are MS divided in the two groups; MS and future Tysabri patients. 

Tysabri patients are showed with unfilled squares and MS with filled squares. Mean 

are calculated for each group, Tysabri 0.14 ± 0.01 and MS 0.09 ± 0.01 in addition to 

the calculations of total MS-group. These analyses demonstrate a significant 

difference between MS and Tysabri patients with p=0.0070 for C3a/C3.  

 

 

Summarized, MS has elevated levels of C3a (C3a/C3) and decreased C3 in plasma 

compared to C. In OND, low amounts of C4, C3, fH and a high amount of C3a 

(C3a/C3) were found. GBS on the other hand have normal levels of all proteins 

except from increased fH. 

 

 

Complement levels in CSF 

 

 

Table V     

Complement levels in CSF c       

Diagnostic groups MS (n=51) OND (n=9) GBS (n=8)   C (n=19) 
  Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 

     

C1q (µg/L) 292 ±  19 377 ± 67 794 ± 87 353 ± 27 

C4 (µg/L) 885 ± 57 1054 ± 151 1784 ± 247 1422 ± 166 

C3 (µg/L) 3568 ± 289 4717 ± 1076 4253 ± 932 3230 ± 394 

C3a (µg/L) 1.79 ± 0.15 1.57 ± 0.34 3.42 ± 0.91 2.05 ± 0.23 

fH (µg/L) 1189 ± 97 2229 ± 852 3690 ± 821 1094 ± 69 

C3a/C3 * 1000 0.54 ± 0.03 0.35 ± 0.03 1.34 ± 0.56 0.72 ± 0.07 

          
c 

No reference values of complement proteins in CSF are available. 
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Table VII       

Statistic results of an unpaired t-test of complement levels in CSF 

Two-tailed p-value (p < 0.05)         

  MS - OND MS -GBS MS - C OND-GBS OND - C GBS - C 

       

C1q p-value 0.118 < 0.0001 0.091 0.0015 0.6987 <0.0001 

Sign. No Yes No Yes No Yes 

C4 p-value 0.2652 < 0.0001 0.0002 0.0207 0.176 0.2425 

Sign. No Yes Yes Yes No No 

C3 p-value 0.1652 0.4044 0.5264 0.7518 0.1208 0.2401 

Sign. No No No No No No 

C3a p-value 0.5828 0.0028 0.3763 0.0657 0.2668 0.0569 

Sign. No Yes No No No No 

fH p-value 0.0151 < 0.0001 0.5683 0.2388 0.0624 < 0.0001 

Sign. Yes Yes No No No Yes 

C3a/C3 p-value 0.0139 0.0007 0.0086 0.1063 0.0018 0.0777 

Sign. Yes Yes Yes No Yes No 

              

 

 

 

Concerning complement levels in CSF, a significant increase of C1q was detected in 

GBS compared to every other diagnostic group, as clearly demonstrated in figure 5. 

This pattern is also seen in levels of C4, where GBS have higher amounts C4 

compared to MS and OND, but not to C. In the MS group, C4 also seem to have 

lower levels significantly different to both GBS and C. MS also seem to have lower 

level of C1q, though it’s not significant different to OND or C. Increased levels of 

C3 are found in OND, although there is no significant difference. A very high level 

of C3a is found in GBS, though it’s only significant to MS. Also fH reveal high 

levels in GBS, significantly different to MS and C. 
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Fig. 5. C1q concentration in CSF was measured using ELISA. MS, Multiple sclerosis and Tysabri
2
 

patients (n=51); OND, other neurological diseases (n=9); Guillan-Barré syndrome (n=8); C, Controls 
(n=19). Students t-test was used for statistical analysis with p < 0.05 assumed as significant. 

 

 

 

For the ratio of C3a/C3, increased levels in GBS was found significantly different to 

MS. There was also a difference to C although this was not significant. Calculations 

of C3a/C3 with molecular weights C3a (9 kDa) and C3 (185 kDa), shows activation 

levels of C3a with 2.8 % of total amount of C3 in GBS patients (n=8) in CSF, 

compared to 1.5 % in C patients. It was also found a significant difference between 

MS, C and OND in C3a/C3, where OND seem to have the lowest amounts of 

C3a/C3. 
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Fig. 6. C3a/C3 ratio was calculated from C3a and C3 concentrations in CSF measured with ELISA.  
MS, Multiple sclerosis and Tysabri

2
 patients (n=51); OND, other neurological diseases (n=9); GBS, 

Guillan-Barré syndrome (n=8); C, Controls (n=19). Students t-test was used for statistical analysis 
with significant difference at p < 0.05. 

 
 
 
 
Summarized, complement proteins in CSF show low levels of C4 and C3a/C3 in MS. 

In OND, levels of C3a/C3 were slightly decreased. GBS reveal high levels of all 

complement proteins analysed except C3, hence GBS patients appear to have 

complement activation in CSF. 

 

 
 
 
 
 

                                                      
2 Patients with difficult MS that do not respond to interferon treatment and therefore is selected for 

future treatment with Tysabri (natalizumab).  
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Correlations in MS and GBS 

 
 
 
Correlations of C3a against C1q and fH were performed in both plasma and CSF 

using Spearman correlation analyses. In table IX are spearman r and p-value 

displayed, significant positive correlations (spearman r close to +1) are found in 

CSF, for analyses of C3a versus C1q and fH in both MS and GBS. However, no 

correlation of C3a versus C1q and fH was found in plasma, in either MS or GBS, 

since those spearman r are close to 0. Positive correlations imply for example that a 

higher level of C3a correlates with higher level of C1q, and thus supports 

complement activation via the CPW. Correlations in CSF are shown in figures below 

(figure 7-10). 

 

 

Table IX     

Correlations of MS and GBS in CSF and plasma   

    Spearman r   p-value (p < 0.05) 

     

CSF MS C3a-C1q 0.7370  <0.0001 

 MS C3a-fH 0.6718  <0.0001 

 GBS C3a-C1q 0.7381  0.0458 

 GBS C3a-fH 0.7381  0.0458 

     

Plasma MS C3a-C1q -0.03773  0.7990 

 MS C3a-fH 0.06664  0.6527 

 GBS C3a-C1q 0.01818  0.9730 

 GBS C3a-fH 0.4788  0.1663 
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Fig. 7. MS Correlation of C3a and C1q in CSF, 
n=51. Correlation is positive with a Spearman 
r of 0.7370 and a Gaussian approximation of 
the p-value to < 0.0001 and is thus significant 
(p < 0.05). 
 

 

 

Fig. 9. MS Correlation of C3a and fH in CSF, 
n=51. Correlation is positive with a Spearman 
r of 0.6718 and a Gaussian approximation of 
the p-value to < 0.0001 and thus is significant 
(p < 0.05). 

Fig. 8. GBS Correlation of C3a and C1q in CSF, 
n=8. Correlation is positive with a Spearman r 
of 0.7381 and an exact p-value of 0.0458 and 
thus is significant (p < 0.05). 

 

 

 

 
Fig. 10. GBS Correlation of C3a and fH in CSF, 
n=8. Correlation is positive with a Spearman r 
of 0.7381 and an exact p-value of 0.0458 and 
thus is significant (p < 0.05). 
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iC3 ELISA 

 
 
 
With developed assay of iC3 ELISA, samples from MS and C where measured with 

mean ± SEM demonstrated in table X, there seem to be a difference though it’s not 

significant p=0.0563 (p<0.05). However, results are not as reliable as desired, since 

questionable results during validation of the assay did come up and the method need 

further development. These iC3 values represent approximately 0.74 % of the total 

amount of C3 in MS-patients and 0.36 % in controls.  

 

 

Table X   

iC3 levels in plasma for MS and C   

  MS (n=47) C (n=19) 
 Mean ± SEM Mean ± SEM 

   

iC3 (µg/L) 6031 ± 393 4791 ± 234 
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SDS-PAGE 

 
 
 
 
SDS-PAGE gel shows C3 with 110 kDa α-chain and a 75 kDa β-chain, C3b with the 

smaller α-chain of 100 kDa since C3a (9 kDa) has been cleaved off, and the 75 kDa 

β-chain. Inactivated C3b (iC3b) demonstrate fragments of 75 kDa and 67 kDa, as 

well as a faint band marked with a circle of 40-45 kDa. On right side of the gel is iC3 

sample showing bands similar to those of C3, which is reasonable since C3a still is 

connected to the α-chain and not cleaved entirely. The iC3 preparation had been 

stored in PBS at -20˚C that should exclude C3 in those samples since C3 is too 

sensitive for conditions like that.  

 
 
 

 

Fig. 11. SDS-PAGE gel demonstrating complement fragments C3, C3b and iC3b, as well as iC3 
preparation used as standard in iC3 ELISA assay in three different concentrations; 1.25, 2.5 and 5.0 
µg/25 µl. Molecular weights of standard marker (M) are shown at left side of the gel. 
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4. DISCUSSION 

 

 

Complement proteins in both MS and GBS does play a role in inflammation and 

demyelination at pathogenesis, according to earlier scientific evidence (Ingram et al., 

2008). This study have focused on systemic and intrathecal complement activation in 

MS and GBS, to gain knowledge that might be useful for development of future 

therapeutics targeting immune responses during those diseases. 

 

 

Both GBS and MS are inflammatory demyelinating autoimmune diseases with a 

probable antibody contribution; hence you may assume that the complement 

involvement during these two diseases might be similar. Though, results from this 

study indicate that there is a difference between the two autoimmune diseases MS 

and GBS.  

 

 

High C3a/C3 ratio in plasma, thus high levels of C3a, which indicates systemic 

complement activation, was found in for MS and OND that was not seen in either 

GBS or controls. Regarding correlation analyses of MS in plasma, does nor C3a 

versus C1q or fH show any correlation. Systemic complement activation has 

occurred in MS, though activation pathway can not be clarified.  

 

 

Comparing Tysabri patients to MS patients, a significant difference (p<0.05) was 

found for C3a/C3 mean of Tysabri (0.14) and MS (0.09). This may reveal that 

patients suffering from more acute RR MS that don’t respond to beta-interferon 

treatment, have an elevated systemic complement activation and hence inflammation 

with higher levels of C3a, that may be sufficient to use as a biomarker for patients 

with a more severe MS.  

 



[38] 
 

Low levels of C1q detected in MS CSF may be a result of activated C1q, binding to 

surface-bound antibodies and thus not able to be measured, the balance between 

bound and free C1q could possibly be even. However, the positive correlation in MS 

of C3a versus C1q in CSF indicates that complement if activated might be mediated 

via the CPW in CNS. Since MS most likely is antibody-mediated should complement 

activation via the CPW not be surprising. The positive correlation between C3a and 

fH could indicate a protection of self cells from complement attack, due to the 

autoimmune origin.  With an indefinite statement due to lacking evidence, also 

intrathecal complement activation may occur at MS pathogenesis, with some support 

from other studies concerning MS and complement participation (Ingram et al., 

2008).  

 

 

The function of complement during MS pathogenesis and particularly complement 

participation in demyelination has been studied. Findings in this study indicates a 

possible intrathecal activation via the CPW as well as findings of systemic 

complement activation, compared to earlier studies with various results; activated 

C1q, C3d and MAC been found located at lesions in white matter (Rus et al., 2006). 

This could indicate complement activation via CPW or at least support intrathecal 

involvement of C1q. Antibody-mediated complement activation towards myelin has 

been demonstrated in MS patients (Rus et al., 2006; Prat et al., 2005) that could 

support intrathecal complement activation via CPW. However, some earlier animal 

studies suggest intrathecal complement activation via APW and also clarify that 

other activation pathways are not as clear (Ingram et al., 2008).  

 

 

Since MS patients most likely had been under interferon beta medication before 

samples were collected, the complement levels might be suppressed and therefore 

not giving as clear picture as wanted. 
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For GBS patients, the combination of high levels of C1q, C4 and C3a does support a 

possible activation through the CPW. Furthermore are correlations of C3a against 

C1q and fH in CSF positive. Correlation of C3a against C1q (p<0.05) was significant 

and therefore supports findings of activation via the CPW in GBS (Henningson et al., 

2007). Correlations of C3a against fH also show significant difference (<0.05). These 

positive correlations imply that a higher level of C3a is related to a higher level of 

C1q and fH respectively. The elevated levels of fH are possibly a result from C3b 

opsonisation through the CPW, which can activate amplification via the APW that 

increase the complement activation (Willison et al., 2008). Thus may the high levels 

of fH indicate a protection of self cells from complement attack, such as in MS 

(Sjöberg et al., 2008).These results of GBS patients are supported from earlier 

studies, both animal and humans that suggest that complement activation in GBS is 

antibody-mediated through the CPW (Willison et al., 2008). However, a larger 

number of GBS patients should be desired to get a more certain result. 

 

 

During analysis, one GBS patient was found to have very increased complement 

levels in CSF of all analysed proteins but C3, which may indicate damage to the 

BBB or mistreated sample. Grubbs’ test was done to evaluate if this patient was an 

outlier, where complement levels in C1q, fH and C3a was significant outliers 

(p<0.05) compared to the other complement levels in GBS. To avoid misleading 

statistic results of GBS group, this patient was therefore excluded entirely at 

statistical analyses of CSF.  

 

 

The CSF/serum albumin ratio can be calculated to reveal damage to BBB, a few MS 

patients indicated a high ratio, one with ratio 66.0 and therefore an assumed BBB 

damage compared to reference value of 5.0 (Laurells et al., 2003), even though 

complement levels in plasma and CSF of this patient seemed normal compared to 

other MS patients analysed. Unfortunately was albumin ratio for the excluded GBS 

patient with possible BBB damage not available. 
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Variation coefficients of controls used in measurements with sandwich ELISA are 

quite high, but since ELISA is carried out manually are these CV results not 

unexpected. 

 

 

Considering OND patients during this study, does their participation work as a 

“second control” to MS and GBS. The OND group consist of other neurological 

diseases, of which ones we don’t have information of. In plasma, OND does not 

differ from MS significantly; however does OND seem to have systemic complement 

activation with the highest C3a/C3 ratio of all diagnostic groups. In CSF is no 

complement activation found for OND. From these results you may assume that 

OND and MS are more similar in complement participation than GBS.   

 

 

According to results from iC3 ELISA this method need further improvement. The 

method seem to be unsure due to lacking reproduction properties, though are results 

by iC3 ELISA probably what you could expect iC3 values to be. Perhaps would 

another detecting antibody be more sufficient than α-C3c, such as α-C3d that has 

been used in earlier iC3 studies.  
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5. CONCLUSIONS  

 
 

 

 MS patients seem to have systemic complement activation, however is the 

activation pathway not determined. 

 

 Complement activation in MS may also be present intrathecally, with 

correlation analysis indicating at a possible activation via CPW. However, 

this is an indefinite statement due to lacking evidence. 

 

 MS patients suffering from more acute RR MS have a more prominent 

systemic complement activation compared to MS patients responding to beta-

interferon treatment. 

 

 Systemically elevated C3a/C3 ratio may be a possible biomarker to 

distinguish more acute RR MS in an earlier step of MS pathogenesis and 

should be further investigated. 

 

 Results from this study suggest that GBS patients have an intrathecal 

complement activation that seems to occur via the CPW. 
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