
Autoantibodies to myelin basic protein (MBP) in healthy individuals
and in patients with multiple sclerosis: a role in regulating cytokine

responses to MBP

Introduction

While it is well established that T cells with specificity for

myelin proteins, such as myelin basic protein (MBP), play

a pathogenic role in multiple sclerosis (MS),1,2 it is still a

matter of debate whether myelin-reactive autoantibodies

play a pathogenic role. Some authors claim that autoanti-

bodies against MBP are present in cerebrospinal fluid

(CSF)3–5 and serum4,6–8 from MS patients, although not

all authors have been able to demonstrate their presence
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Summary

Anti-myelin basic protein (-MBP) autoantibodies have generally been con-

sidered to be absent from sera from healthy individuals, but to be detect-

able in sera from some patients with multiple sclerosis (MS). However,

their pathogenic role is uncertain. We demonstrate the presence of MBP-

reactive autoantibodies in sera from 17 healthy individuals and 17 MS

patients. The addition of MBP to the sera caused a dose-dependent depo-

sition of MBP and co-deposition of immunoglobulin M (IgM) and frag-

ments of complement component 3 (C3) on allogeneic monocytes.

Calcium chelation abrogated the immunoglobulin deposition, indicating

that formation of complement-activating immune complexes played a role

in the binding process. Furthermore, MBP elicited tumour necrosis factor

(TNF)-a and interleukin (IL)-10 production by normal mononuclear cells

in the presence of serum from both patients and controls. Mononuclear

cells from MS patients responded to MBP with the production of inter-

feron (IFN)-c, IL-4 and IL-5, in addition to TNF-a and IL-10. The pro-

duction of IFN-c and IL-5 was increased when MS serum was added

rather than normal serum. Denaturation of MBP strongly inhibited MBP

deposition and the MBP-induced IgM deposition and cytokine produc-

tion, indicating that these events were facilitated by autoantibodies

recognizing conformational epitopes on MBP. We infer that MBP-elicited

TNF-a and IL-10 responses are promoted to equal extents by naturally

occurring MBP autoantibodies and autoantibodies contained in MS sera.

However, the latter seem to be more efficient in facilitating the produc-

tion of IFN-c and IL-5.
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in serum.3 Their presence has been associated with earlier

and more frequent relapses.7 Cells secreting high-affinity

anti-myelin antibodies have been detected in CSF from

patients with MS, but circulating anti-MBP antibodies

appear to be of low affinity.6,9 Anti-myelin antibodies

may be implicated in demyelination in MS by activating

complement and thereby initiating complement-mediated

tissue damage.10–14 Whereas there is evidence of activa-

tion of the early parts of the complement cascade in a

wide range of MS patients, full activation with generation

of the terminal complement complex appears to be

restricted to patients with more advanced disease.15 There

is no clear correlation between the presence of autoanti-

body-secreting cells and activation of the complement

cascade.16 Indeed, autoantibodies may only be relevant

for demyelination in a subgroup of patients with MS.17,18

Another mechanism by which autoantibodies and

complement may participate in the pathogenesis of auto-

immune diseases is the opsonization of self-antigens for

presentation by antigen-presenting cells (APCs), as has

been shown for the acetylcholine receptor19,20 and thyro-

globulin.21

The presence of immunoglobulin M (IgM)- and IgA-

containing circulating immune complexes (ICs) has been

demonstrated in over 60% of MS patients, using an assay

reliant upon complement component 3 (C3) fragments as

a complex constituent.22,23 However, the extent to which

these complexes are autoimmune in nature remains a

matter of dispute. One study24 failed to identify MBP in

any of the complexes examined, while the presence of

viral antigens and/or antiviral antibodies was recorded in

the majority of ICs from MS patients in another study.23

Nevertheless, two independent investigations demon-

strated that ICs from one-third23 to a half25 of the MS

patients examined contained MBP.

A few studies on MS patients have used healthy indi-

viduals as controls and assessed the content of anti-MBP

antibodies or MBP-containing ICs in normal sera.6,23,24,26

The general conclusion from these studies was that sera

from healthy individuals are devoid of antibodies to

MBP.6,23,24,26 In one study, however, 5% of the healthy

control population had anti-MBP antibodies of all four

IgG subtypes, as well as IgM.27

Normal sera contain so-called natural autoantibodies

(NAAs) belonging to a group of polyreactive antibodies,

referred to as natural antibodies, which are encoded by

germline variable region genes without extensive somatic

mutations28,29 (reviewed by Dighiero)30. NAAs may have

a homeostatic function by clearing senescent cells31 and/

or metabolic waste products32 from the body. They may

also play a role in regulating T-cell responses to self-

antigens in the periphery by facilitating the uptake and

presentation of self-antigens by APCs.21 A number of

self-antigens, including tubulin, actin, thyroglobulin,

myoglobin, fetuin, albumin, transferrin, collagen and

cytochrome c, have been demonstrated to bind NAAs.33

To our knowledge, there is no evidence of NAA reactivity

with myelin.

In the present study, we demonstrate the presence of

IgM and IgG antibodies reactive with MBP in sera from

healthy individuals as well as in sera from MS patients,

and show that IgM and C3 fragments co-deposit with

MBP onto monocytes. We show that these phenomena,

as well as the MBP-induced release of cytokines from

mononuclear cells (MNCs), require an intact tertiary

structure of MBP (indicative of a role for antibody recog-

nition in the process) and the presence of free calcium

ions (indicative of a role for complement).

Materials and methods

Subjects

The study included sera and MNCs isolated from 17 MS

patients [four male and 13 female; age 33 ± 7 years

(mean ± standard error of the mean (SEM))] and 17 sex-

and age-matched healthy controls (four male and 13

female; age 33 ± 7 years). Fifteen of the patients were

diagnosed with relapsing-remitting MS and the remaining

two patients were diagnosed with clinically isolated syn-

drome. None of the patients had received any medication

within 4 weeks of study entry and none of them had ever

been treated with immunosuppressive drugs such as aza-

thioprine, methotrexate, cyclophosphamide or mitoxan-

trone. A further 10 healthy, blood group O donors

donated MNCs for analyses involving stimulation of cells

in cultures containing allogeneic sera. The study was

approved by the local ethics committee and the informed

consent of all participating subjects was obtained.

Cells and serum

Sera were prepared from venous blood drawn in BD Vac-

utainer� non-coagulant-containing tubes (BD Bioscience,

Brøndby, Denmark). After coagulation, the blood was

spun at 814 g and 4�, and the serum was harvested after

10 min. The sera were stored at )80� before use.

MNCs were isolated from whole blood in heparinized

BD Vacutainer tubes (BD Bioscience) or from buffy coat

cells kindly provided by the Blood Bank at Copenhagen

University Hospital. The cells were centrifuged (at 814 g

for 30 min) on a Lymphoprep gradient (Axis-Shield PoC

A/S, Oslo, Norway). The MNCs were used in experiments

assessing immunoglobulin/complement deposition and

MBP-elicited cytokine production, respectively.

Antigens

Human MBP (>95% pure) was purchased from Insight

Biotechnology Ltd (Wembley, UK). The preparation was
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tested by mass spectrometry, kindly performed by Jan

J. Enghild at the Center for Insoluble Protein Structures,

University of Aarhus, Denmark and the contaminant was

found to be haemoglobin. The MBP was diluted in

0�0025% NaN3 (Bie & Berntsen, Rødovre, Denmark) in

phosphate-buffered saline (PBS) (Dulbecco’s; Gibco, Pais-

ley, UK) to a final concentration of 1 mg/ml before use.

In some experiments, MBP was denatured by boiling for

15 min.

Fluorescein isothiocyanate (FITC) conjugation of MBP

was carried out as described by Terada et al.34 In brief,

100 lg of FITC was conjugated to 1 mg of MBP in buffer

containing 50 mM borate, 200 mM NaCl, 20 mM CaCl2
(all purchased from Merck, VWR International ApS,

Rødovre, Denmark) and 100 mM mannose (Sigma-

Aldrich Denmark A/S, Brøndby, Denmark), pH 9�2, for

18 hr at 4�. Following conjugation, MBP was dialysed

against PBS, pH 7�5. Human serum albumin (HSA; ZLB

GmbH, Springe, Germany) and tetanus toxoid (TT;

Statens Serum Institute, Copenhagen, Denmark) were

used as control antigens.

Measurement of MBP-reactive IgM and IgG in serum Micro

spheres (Luminex Corp., Austin, TX) were coupled with

MBP, HSA or TT according to the Luminex protocol

for a two-step carbodiimide coupling of proteins to

carboxylated microspheres (http://www.luminexcorp.com/

uploads/data/Protein%20Protocols%20FAQs/Protein%20

Coupling%20Protocol%200407%2010207.pdf). In brief,

the microspheres were incubated with 100 lg of antigen

during the coupling procedure, unless otherwise stated.

Two thousand antigen-coated microspheres per bead set

were incubated for 30 min with 0�5% casein (Sigma-

Aldrich Denmark A/S) in PBS-Tween (0�1% Tween; Merck,

VWR International ApS), washed three times in PBS-

Tween and incubated overnight with 40· diluted serum at

4�. Following three washes in PBS-Tween, the beads were

incubated overnight at 4� with either 4 lg/ml biotinylated

anti-human IgM or 32 lg/ml biotinylated anti-human IgG

antibodies (both purchased from Sigma-Aldrich). After

three washes in PBS-Tween, the beads were incubated for

30 min with 4 lg/ml streptavidin-phycoerythrin (Phyco-

link� PJ31S, Prozyme; Europe Bioproducts Ltd,

Cambridge, UK), washed three times with PBS-Tween and

re-suspended in 100 ll of Luminex sheath buffer (Ramcon,

Birkerød, Denmark) before Luminex measurement.

Measurement of immunoglobulin and complement
deposition on monocytes

Sera from eight MS patients or eight healthy individuals

were diluted in a Veronal buffer containing 141 mM NaCl,

0�5 mM MgCl2 (all purchased from Merck, VWR Inter-

national ApS), 0�15 mM CaCl2, 0�1% gelatine and 12�5 mM

HEPES (all purchased from Sigma-Aldrich), pH 7�4. For

experiments involving assessment of complement activity,

ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich)

was added to a concentration of 10 mM. MBP or TT was

added to the serum, diluted 1 : 2 in buffer, to a final con-

centration of 200 lg/ml and incubated for 45 min at 37�,

and the mixtures were cooled to 4� for 10 min.

The antigen-containing sera were incubated with nor-

mal MNCs for 90 min at 4� at a final serum concentra-

tion of 30% [volume/volume (v/v)]. Following washing in

PBS, monocytes were labelled by incubation with 5 ll of

peridinin chlorophyll protein (PerCP)-conjugated anti-

CD14 (BD Bioscience) and the samples were subdivided

into tubes containing FITC-conjugated F(ab0)2 fragments

of polyclonal rabbit anti-human IgG (5�1 lg/ml) or

FITC-conjugated F(ab0)2 fragments of polyclonal rabbit

anti-human IgM (5�5 lg/ml); both were purchased from

Dako (Glostrup, Denmark). After incubation for 30 min

at 4�, each sample was washed in fluorescence-activated

cell sorter (FACS) sheath buffer (BD Bioscience) before

measurement with a FACSCalibur flow cytometer (BD

Bioscience). The measured fluorescence intensity per cell

was converted to soluble fluorescein equivalents (SFEq)

after calibration of the flow cytometer with the Quantum

24 quantification kit (Flow Cytometry Standards Corpo-

ration, San Juan, Puerto Rico).

In a different set of experiments, sera from four MS

patients and four healthy donors were incubated with

normal MNCs (from a male donor, aged 28 years) as

described above, except that deposition of IgM and C3

fragments was assessed instead of IgG/IgM. FITC-conju-

gated polyclonal rabbit anti-human C3 antibodies (Dako)

that recognize native C3, C3b, iC3b and C3dg were used.

Furthermore, deposition of MBP on monocytes was

assessed by preincubating sera from four MS patients and

four healthy donors with FITC-conjugated MBP, and

thereafter incubating the mixture with normal MNCs

from a healthy blood group O donor for 90 min at 4�,

before washing and flow cytometric assessment of the

binding of FITC-MBP to CD14+ monocytes. MNCs from

two male donors (63 and 32 years of age) were used for

titration and examination of the influence of EDTA/MBP

denaturation, respectively.

Induction of cytokine responses with MBP

In the allogeneic design, MNCs from a healthy blood

group O donor (female, aged 24 years) were seeded in a

96-well Nunclon Surface plate (Nunc, Roskilde, Den-

mark), each well containing 500 000 cells in 125 ll of

RPMI, 10 ll of Dulbecco’s PBS and 65 ll of 30% sera

(v/v) from patients or healthy controls. In the autologous

design, MNCs from the included patients and controls

were cultivated in the presence of media containing auto-

logous sera or serum from a healthy blood group AB

donor. The cells were stimulated with 30 lg/ml MBP,
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30 lg/ml boiled MBP or 30 lg/ml TT and culture super-

natants were collected at days 1 and 7.

Measurement of cytokines

Using a Luminex 100 IS (Luminex Corp.) and STARSTATION

version 2.0 software (Applied Cytometry Systems, Sheffield,

UK) we measured interleukin (IL)-2, IL-4, IL-5, IL-10,

interferon (IFN)-c and tumour necrosis factor (TNF)-a by

means of the T helper type 1 (Th1)/Th2 five-plex and

TNF-a single-plex bead array (Biosource, Invitrogen, Taast-

rup, Denmark). More than 50 events were acquired per

bead set. In experiments involving cultivation of MNCs in

autologous serum and standard blood group AB serum, the

cytometric bead array Th1/Th2 kit and the corresponding

software (BD Bioscience) for flow cytometry were used.

Statistics

PRISM4 (GraphPad, San Diego, CA) was used for statistical

analysis. Unpaired and paired t-tests were employed. For

comparison of differences in curves obtained with MS

sera and control sera, respectively, a repeated measures

analysis of variance (ANOVA) was used.

Results

The presence of MBP-reactive IgM and IgG in sera
from MS patients and healthy controls

To determine whether MS patients and healthy controls

expressed anti-MBP antibodies, sera from both groups were

incubated with human MBP-coated microspheres, which

were subsequently assessed for IgM and IgG uptake using

biotinylated anti-human IgM and IgG class-specific anti-

bodies and streptavidin-phycoerythrin as the probing

reagents. In order to assess the specificity of the test, preli-

minary dose–response assays were performed using various

concentrations of MBP to coat the beads (Fig. 1a) or differ-

ent dilutions of patient and control sera to vary the

amounts of IgM and IgG introduced into the assay

(Fig. 1b,c). Under both circumstances, a direct relationship

between IgG/IgM uptake and the concentrations of the

reactants was observed, effectively excluding an interaction
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Figure 1. Antibodies reactive with myelin basic protein (MBP) in sera from multiple sclerosis (MS) patients and healthy controls. (a) Carboxyl-

ated microspheres were conjugated with the given amounts of MBP and incubated with normal serum. The binding of immunoglobulin M

(IgM) (black circles) and IgG (white circles) was assessed with biotinylated rabbit anti-human-IgM and -IgG antibodies, respectively and subse-

quent probing with phycoerythrin-coupled streptavidin. The mean fluorescence intensities (MFIs) of duplicate experiments are shown. (b, c) The

effect of serum dilution on the captured amount of IgM and IgG is shown. The dose-dependent uptake of IgG differed significantly between four

MS sera and four control sera [P < 0�02, analysis of variance (ANOVA)] whereas the corresponding curves for IgM did not (P = 0�80).

(d) Microspheres coupled with 100 lg of MBP, 100 lg of tetanus toxoid (TT) or 100 lg of human serum albumin (HSA) were incubated with

sera from 17 patients with MS (black bars) and 17 healthy controls (open bars) and assessed for the binding of IgM. (e) The corresponding bind-

ing of IgG is shown. The IgG binding to TT-coupled microspheres exceeded the upper detection limit of the analysis, at approximately 25�000

MFI. Bars and error bars represent mean ± standard error of the mean (SEM). *MFI values significantly different from those associated with

HSA microspheres (P < 0�0001).
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between the probing reagents and the MBP-coated beads as

a significant contributor to the observed responses.

The assay was then applied on a larger scale to assess

the relative levels of IgM and IgG antibodies in patients

and controls (Fig. 1d,e). High concentrations of both

coating MBP and sera were employed to minimize the

influence of antibody affinity on the interaction. Micro-

spheres coupled with TT, a recall antigen with which the

background population had been vaccinated, served as a

positive control, while HSA-coated microspheres were

used as the most appropriate negative control, based on

the assumption that the binding of any anti-HSA auto-

antibodies present would be effectively blocked by the

relatively large amount of HSA (approx. 1 mg/ml final

concentration) contained in the test sera.

Sera from MS patients and healthy individuals con-

tained MBP-reactive IgM, in approximately equal

amounts (Fig. 1d). The sera also contained significant

amounts of IgM reactive with TT, although the content

of TT-reactive IgM was lower than that of IgM reactive

with MBP in both groups (P < 0�0001).

Both patient and control sera showed significantly more

binding of IgG to MBP beads than to HSA beads

(Fig. 1e), indicating the presence of anti-MBP-IgG anti-

bodies in both groups. The MS sera contained slightly

higher amounts of MBP-reactive IgG than did the control

sera, but the difference was non-significant (P = 0�10). As

expected, high levels of TT-specific IgG were found in

both groups of sera.

Of potential interest is the additional finding that the

serum dilution assay curves (Fig. 1b,c) displayed a signifi-

cant difference in the dose-dependent uptake of IgG

between MS and control sera, whereas the corresponding

curves for IgM did not (P = 0�80). A corresponding dif-

ference was also observed in the slopes of the curves for

IgG (slope = )2�90 · 10)4 versus )4�38 · 10)4 for MS

and control, respectively), although the limited number of

assays performed did not permit unequivocal determina-

tion of the significance of this finding (P = 0�27, n = 4).

Antigen-mediated deposition of IgG and IgM on
monocytes

We next examined the influence of serum on the capture

of MBP and immunoglobulins by APCs, represented by

monocytes (Fig. 2). As shown in Fig. 2a, MBP bound to
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Figure 2. Deposition of immunoglobulins on monocytes following incubation of sera with myelin basic protein (MBP). Sera from multiple scle-

rosis (MS) patients and controls were incubated with fluorescein isothiocyanate (FITC)-conjugated or unlabelled MBP for 45 min at 37� to allow

formation of MBP/anti-MBP complexes. The sera were subsequently incubated with normal blood group O mononuclear cells for 90 min at 4�.

(a) The consequent deposition of FITC-conjugated MBP on CD14+ monocytes, as measured by flow cytometry, is shown along with (b) the cor-

responding deposition of immunoglobulin M (IgM) and (c) IgG, induced by the addition of unlabelled MBP to the sera. The immunoglobulin

deposition was measured using FITC-conjugated F(ab0)2 fragments of polyclonal rabbit antibodies against human IgM or IgG as a probe. The

experiments were performed in triplicate. (d) Sera from 13 MS patients and 13 healthy individuals (controls) were preincubated with MBP

(200 lg/ml) before addition to normal blood group O mononuclear cells. The resulting deposition of IgM (white bars) and IgG (black bars) on

CD14+ monocytes is shown. (e) The corresponding deposition observed after preincubation of sera from six patients and six controls with teta-

nus toxoid (TT). All fluorescence intensities were converted to soluble fluorescein equivalents (SFEq) after subtraction of the background signal

occurring without preincubation of the sera with antigen. The mean ± standard error of the mean (SEM) is shown. P-values indicate the proba-

bility for the null hypothesis that MS sera and control sera mediated MBP deposition to equal extents in (a) (as determined by a repeated

measures analysis of variance) and that the mean value was 0 SFEq in (d) and (e) (as determined by a one-sample t-test).
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monocytes in a dose-dependent manner in the presence

of both types of serum.

Both IgM and IgG co-deposited with MBP on the

monocytes (Fig. 2b,c). While a similar deposition of IgM

occurred in the presence of MS sera and control sera, the

patients’ sera mediated IgG deposition most efficiently

(Fig. 2c). However, when tested with a larger number of

sera, only the deposition of IgM was significantly higher

than the background binding (Fig. 2d), irrespective of

whether MS sera or control sera were employed. The

deposition of IgM did not differ significantly between the

two groups of sera (P = 0�50), nor did the deposition of

IgG (P = 0�36), although the IgG deposition was ninefold

higher in the presence of MS sera than in the presence of

control sera (3�5 SFEq versus 0�4 SFEq, on average;

Fig. 2e).

Considerable deposition of IgG and IgM was observed

upon preincubation of both groups of sera with a control

antigen, TT, but only the deposition of IgM in the con-

trol group reached significance (Fig. 2d).

Calcium dependence of MBP-mediated immunoglobulin
deposition on monocytes

Addition of EDTA to the sera caused a marked inhibition

of MBP deposition and MBP-mediated IgM deposition

on monocytes, as well as a borderline-significant inhibi-

tion of the co-deposition of IgG in the presence of con-

trol sera. Thus, the MBP/immunoglobulin deposition was

Ca2+-dependent (Table 1). This suggests a role for

an interaction between complement components and

complement receptors in the binding process.

Co-deposition of C3-fragments and IgM on monocytes,
and the requirement for an intact tertiary structure of
MBP in the process

Probing with FITC-anti-C3d confirmed that C3 frag-

ments were indeed co-deposited on monocytes following

addition of MBP to both patient and control sera

(Fig. 3a). Moreover, the deposition of C3 fragments as

well as that of IgM and MBP on monocytes was abro-

gated by disruption of the tertiary structure of MBP by

boiling (Fig. 3a–c, Table 1). This was to be expected, if

complex formation depends upon the interaction of the

anti-MBP antibodies with conformational epitopes on

MBP.

Cytokine responses of normal MNCs to MBP

Next, we assessed whether the sera from MS patients

and healthy controls differed in their influence on the

MBP-elicited cytokine responses of MNCs. To this end,

we stimulated MNCs from a healthy donor with MBP

in the presence of both types of sera, which contained

similar amounts of IFN-c (17 ± 2 pg/ml in the MS

group versus 16 ± 4 pg/ml in the control group) and

IL-10 (3�2 ± 0�5 and 3�8 ± 1�2 pg/ml, respectively) and

of TNF-a, IL-4, IL-5 and IL-2 (all below 3 pg/ml; data

not shown).

In the presence of all sera, the MNCs responded to

MBP with a significant release of TNF-a and IL-10

(Fig. 4a,b), but not IFN-c, IL-5, IL-4 or IL-2 (not shown).

The levels of the first two cytokines were not significantly

altered when MS sera were employed rather than sera

from healthy controls (Fig. 4a,b).

As with the deposition of MBP and the co-deposition

of IgM and C3 on monocytes, the MBP-elicited release of

IL-10 and TNF-a by MNCs depended on an intact ter-

tiary structure of MBP. Thus, denaturation of MBP by

boiling significantly reduced these responses, irrespective

of whether MS sera or control sera were present in the

cultures (Fig. 4, Table 2).

Table 1. Effect of calcium chelation and denaturation of myelin

basic protein (MBP) on MBP-induced deposition of immunoglobu-

lins, complement component 3 (C3) fragments and MBP on mono-

cytes

Deposition

on normal

monocytes

% inhibition by EDTA1

MS sera (n = 8) Control sera (n = 8)

IgM 93 ± 8 (P < 0�0001) 67 ± 17 (P < 0�007)

IgG 27 ± 13 (P < 0�08) 37 ± 16 (P = 0�05)

MBP2 46 ± 7 (P < 0�009)3 36 ± 8 (P < 0�02)4

% inhibition by denaturation of MBP4

MS sera (n = 4) Control sera (n = 4)

IgM 92 ± 1 (P < 0�0001) 80 ± 15 (P < 0�007)

C3 fragments 98 ± 1 (P < 0�0001) 67 ± 23 (P = 0�06)

MBP3 41 ± 11 (P < 0�03) 53 ± 8 (P < 0�007)

EDTA, ethylenediaminetetraacetic acid; MS, multiple sclerosis; Ig,

immunoglobulin.
1Sera from MS patients and healthy individuals were preincubated

with MBP in the presence or absence of 10 mm EDTA before addi-

tion of the mixture to normal mononuclear cells. The subsequent

deposition of IgM and IgG on CD14+ monocytes was measured by

flow cytometry using fluorescein isothiocyanate (FITC)-labelled

rabbit anti-human IgM and IgG, respectively, as probes.
2For assessment of MBP deposition, FITC-conjugated MBP was

used.
3As the fluorescence was not normally distributed in the presence of

EDTA-containing sera, median fluorescence intensity values were

used.
4Denaturation of MBP was achieved by boiling for 15 min.

All results are shown as mean ± standard error of the mean (SEM)

after subtraction of the values obtained without incubation of the

sera with MBP.
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The influence of serum composition on the cytokine
responses to MBP in patient and control MNC cultures

As normal MNCs do not respond to challenge with MBP

with the production of IFN-c and IL-5, while MNCs from

MS patients may do so,35 we decided to assess cytokine

responses of MNCs from 17 MS patients and 17 sex- and

age-matched controls cultured in media containing auto-

logous or normal serum (derived from a healthy donor of

blood group AB to avoid interaction of anti-A and anti-B

antibodies).

As shown in Fig. 5b,c, the type of serum did not influ-

ence the MBP-induced production of IL-10 or IL-4 in

cultures of MS MNCs. By contrast, the IFN-c response

was significantly higher in media containing autologous

serum as compared with normal AB serum, and similar

trends were observed for the TNF-a and IL-5 responses

(Fig. 5a,d,e).

The enhancing effect of the patients’ own sera on TNF-a-

and IL-10 production could not be explained by a lack of

stimulatory factors in AB serum, as TNF-a production by

MNCs from healthy controls tended to be higher in AB

serum than in autologous serum (Fig. 5a), and IL-10 pro-

duction was significantly increased in the AB serum

(Fig. 5b). Normal MNCs exhibited only poor IL-4, IFN-c
and IL-5 responses, making comparison of the influence of

autologous serum and AB serum with respect to these

responses infeasible.

Consistent with the findings for allogeneic cell cultures,

the MBP-elicited production of TNF-a and IL-10 exhib-

ited a strong dependence on an intact conformation of

MBP (Table 2).

Discussion

Anti-MBP antibodies have generally been considered to

be absent in sera from healthy individuals,6,8,23,24,26,27 and

it has been a matter of controversy whether they exist in

sera from MS patients.3,4,6,7 Here we demonstrate that
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Figure 4. The influence of serum on the myelin basic protein

(MBP)-elicited cytokine responses of normal blood cells. Mono-

nuclear cells from a healthy donor with representative cytokine

responses to MBP were suspended in sera from 16 patients with

multiple sclerosis (MS, black bars) or 17 healthy controls (white

bars) and incubated for 1 day with untreated MBP or MBP dena-

tured by boiling (denat. MBP). The resulting net production of cyto-

kines, after subtraction of the background production occurring in

the absence of stimulating antigen, is shown. Only tumour necrosis

factor (TNF)-a (a) and interleukin (IL)-10 (b) were produced in

detectable amounts. Data are shown as mean ± standard error of the

mean (SEM). *P < 0�05, **P < 0�01, ***P < 0�0001 for the null

hypothesis that the cytokine production in the presence of MBP

equals the background production.
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sera from both MS patients and healthy controls con-

tained MBP-reactive IgM and IgG antibodies, and that

the amount of these antibodies did not differ significantly

between the two groups. We used a novel semiquantita-

tive assay based on the linking of intact MBP to micro-

spheres for the detection of antibody binding, and the

difference between our results and those obtained previ-

ously may arise from a loss of conformational epitopes

upon binding of MBP to the solid phase in, for example,

enzyme-linked immunosorbent assays, resulting in

decreased sensitivity. Moreover, others have defined anti-

body positivity as readings above 2 standard deviations

from the mean of healthy controls, and thereby by defini-

tion find the vast majority of healthy subjects antibody-

negative.8 The antibodies in normal sera may be

considered as NAAs, which are usually of the IgM isotype

although IgG and IgA NAAs have also been described.36

The NAAs of healthy individuals are considered harmless,

while IgM autoantibodies in MS patients may be of path-

ogenic relevance as synthesis of IgM in the central ner-

vous system predicts the onset of relapse.37–39

Although the overall amount of anti-MBP antibodies

did not differ significantly between MS patients and

healthy individuals in the present study, the possibility

remains that the antibodies from the two groups differ

qualitatively. Indeed, our preliminary findings on anti-

body-dose responsiveness suggest that the anti-MBP IgG

class antibodies from MS patients may display higher

affinity for the autoantigen than the IgG antibodies from

controls, while IgM antibodies from the two groups are

indistinguishable in this respect (compare slopes in

Fig. 1b,c). Anti-MBP antibodies from the two groups may

also display distinct properties with respect to epitope

specificity that may modulate presentation of self-peptides

by APCs.40 Such modulation may operate on at least two

different levels: (i) enhancement of the uptake of self-

antigen by APCs,19–21,41 and/or (ii) an influence on anti-

gen processing itself.41–43 Finally, disease-associated anti-

bodies may have increased proteolytic activity.44

As regards the first option, we observed that control

sera mediated the binding of MBP to APCs as efficiently

as MS sera. Moreover, MBP induced co-deposition of

IgM, IgG and C3 fragments to a similar extent in the

presence of MS sera and control sera, suggesting that

complement-activating MBP/anti-MBP complexes formed

in both types of serum. Accordingly, EDTA-mediated

inhibition of calcium-dependent serum factors, including

complement,45 caused a marked inhibition of the deposi-

tion of IgM and IgG on monocytes. However, the appar-

ent lack of distinction between MS and control sera, as

inducers of MBP immune complex deposition, argues

against antibody affinity as a potential pathogenic factor.

MBP induced the production of TNF-a and IL-10 by

normal MNCs in the presence of all sera tested. As with

the deposition of IgM and C3 fragments, this production

did not depend on whether the serum present came from

patients or controls. Moreover, the cytokine production

depended on an intact conformation of MBP, indicating

that antibodies were involved in the induction process.

Monocytes are the major source of TNF-a and IL-10 pro-

duction,46–48 so deposition of ICs on these cells presum-

ably results in the release of TNF-a as well as IL-10 from

the monocytes per se. The influence of T cells on the

response requires further investigation. Also, it remains

unresolved why the production of IL-10 by normal MNCs

was lower in autologous serum than in the reference

serum from a healthy blood group AB donor.

We also examined cytokine release induced by MBP in

MNC cultures from MS patients and healthy individuals

in the presence of autologous serum or the AB reference

serum. As the production of TNF-a tended to be higher

Table 2. Effect of denaturation of myelin basic protein (MBP) on

the cytokine response of mononuclear cells (MNCs)

Cytokine

responses of

normal MNCs

in media

containing

allogenic sera3

% inhibition by denaturation of MBP1,2

Sera from patients

with multiple

sclerosis

(n = 16)
4

Sera from

healthy

controls

(n = 17)

TNF-a 68 ± 9 (P < 0�0001) 55 ± 23 (P < 0�03)

IL-10 63 ± 8 (P < 0�0001) 67 ± 9 (P < 0�0001)

Cytokine

responses of

MNCs in media

containing

autologous

sera5
Multiple sclerosis

patients (n = 3) Controls (n = 3)

TNF-a 98 ± 1 (P < 0�0001) 91 ± 4 (P < 0�002)

IL-10 87 ± 2 (P < 0�0004) 55 ± 8 (P < 0�03)

IFN-c6 83 ND

ND, not detectable; TNF, tumour necrosis factor; IFN, interferon; IL,

interleukin.
1Denaturation of MBP was achieved by boiling for 15 min.
2The inhibition was calculated from the cytokine production

induced by intact versus boiled MBP, after subtraction of the back-

ground production in the absence of MBP. Mean ± standard error

of the mean (SEM) values are shown.
3MNCs from a healthy blood group O individual were suspended in

medium containing allogeneic serum (30% volume/volume) and

stimulated for 1 day with MBP (30 lg/ml). The resulting cytokine

production was measured using Luminex technology.
4One patient serum was omitted for technical reasons.
5Mononuclear cells, suspended in medium containing autologous

serum (30% volume/volume), were stimulated with MBP (30 lg/ml)

for 1 day before measurement.
6Production of IFN-c following stimulation with boiled MBP occur-

red in only one experiment.

IL-4- and IL-5 were non-detectable in all experiments.
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in autologous serum than in the normal serum, it is pos-

sible that the response was promoted by factors contained

in the MS patients’ sera. The fact that the TNF-a
responses of control MNCs showed the opposite ten-

dency, i.e. being lower in the presence of autologous

serum, supports this possibility. Again, a virtual abroga-

tion of the response by denaturation of MBP suggests

that the serum factors that promoted TNF-a- and IL-10

responses were indeed anti-MBP antibodies. The IFN-c
production by MS cells was promoted significantly by the

patients’ own sera, and a similar tendency was observed

for IL-5. Consistent with previous studies on the self-anti-

gen thyroglobulin,21,41,49 there seems to be a promoting

effect of disease-associated anti-MBP antibodies on anti-

gen uptake and/or processing by APCs and a consequent

enhanced stimulation of MBP-reactive T cells.

The present study shows a number of unexpected

similarities between antibodies from MS patients and

healthy individuals. Firstly, sera from the two groups

contained comparable quantities of IgM and IgG reac-

tive with MBP. Accordingly, addition of MBP to sera

from both groups mediated a dose-dependent deposition

of IgM, IgG and MBP itself on the surface of mono-

cytes, indicating that formation of MBP/anti-MBP com-

plexes had occurred. Supporting this notion,

denaturation of MBP strongly reduced its own deposi-

tion and its ability to induce IgM deposition. A role for

complement in the process was indicated by the deposi-

tion of C3 fragments along with IgM and MBP and by

the observation that chelation of calcium strongly inhib-

ited MBP/IgM/C3 fragment deposition. Secondly, dis-

ease-associated autoantibodies did not facilitate the

production of TNF-a and IL-10 by normal MNCs to a

greater extent than NAAs contained in normal sera. The

responses did seem to be antibody-dependent, however,

as they were abrogated by denaturation of MBP. While

the propensity of MS-derived MNCs to produce IFN-c

and IL-5, in addition to TNF-a and IL-10, appears to

be independent of the serum source driving antigen

uptake and presentation, and, as such, to be pro-

grammed at the cellular level, the enhanced synthesis of

these cytokines in the presence of the patient’s own

serum does suggest that disease-associated antibodies

can amplify the inflammatory cytokine response. More

investigation is required to further characterize these

antibodies and establish their proinflammatory role.
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