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ABSTRACT: A solid phase radioimmunoassay was used to detect anti-myelin basic protein (MBP) antibodies in the 
CSF and serum of multiple sclerosis (MS) patients and controls. CSF and serum samples were assayed prior to acid 
hydrolysis in order to detect free anti-MBP as well as after acid hydrolysis to measure the total (free and bound) 
amount of antibody. An anti-MBP index controlling for serum levels as well as the degree of breakdown of the blood 
brain barrier was used to estimate intrathecal synthesis of anti-MBP. MS patients with acute exacerbations or 
chronically progressive disease have significantly elevated levels of both free and total CSF anti-MBP. The anti-MBP 
index is also significantly increased in MS patients with both forms of active disease. Anti-MBP antibodies are 
intrathecally produced in MS patients with active disease. 

RESUME: La synthese intrathecal des anticorps a la proteine basale de la myeline dans la sclerose en plaques Nous 
avons employe une radio-immuno-essai en phase solide (RIA) pour mesurer les anticorps anti-protdine basale de la 
myeline (MBP) dans le LCR et le serum des patients avec sclerose en plaques (SEP) et de temoins. Les echantillons de 
seYum et de LCR furent doses avant hydrolyse acide pour mesurer les anti-MBP Iibres et apres hydrolyse acide pour 
mesurer les anticorps totaux (Iibres et lies). Nous avons utilise un index anti-MBP, qui tenait compte des niveaux 
seYiques et du degr£ de disintegration de la barriere h£mo-encephalique, pour mesurer la synthese intrathecale des 
anti-MBP. Les patients avec SEP en poussee aigue ou avec une forme progressive chronique montraient des niveaux 
61ev6s d'anti-MBP Iibres et totaux dans le LCR. L'index anti-MBP est egalement significativement plus 61eve chez les 
patients SEP avec les deux formes de maladie active. II est conclu que les anticorps anti-MBP sont produits de fatjon 
intrathecale chez les patients avec SEP en phase active. 
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Multiple sclerosis (MS) is an acquired demyelinating disease 
of the central nervous system (CNS). The myelin sheath of the 
CNS is produced by oligodendrocytes. Myelin basic protein 
(MBP), a component of the myelin sheath, may be an important 
autoimmunogen in MS since it is capable of inducing experimen
tal allergic encephalomyelitis, an animal model of MS.1 In MS 
patients with active disease, the cerebrospinal fluid (CSF) MBP 
is elevated, potentially serving as a chronic and recurrent 
autoimmunizing stimulus.2'3,4 

Another feature of MS is increased IgG synthesis within the 
blood brain barrier (BBB).5"9 CSF IgG or IgG eluted from brain 
tissue of MS patients is characterized by oligoclonal bands 
superimposed on a background of polyclonal IgG.1*13 Oligoclonal 

banding is indicative of intrathecal IgG synthesis and it occurs 
in most MS patients. Whether they have active or inactive 
disease, the majority of clinically definite MS patients have 
increased intrathecal IgG synthesis.9 Theoretically, some of 
the IgG may be protective, while some may be involved in the 
pathogenesis of demyelination. The specificity of the majority 
of intrathecally produced IgG has not been elucidated.1415 

The recent observation of Dasgupta et al16 of MBP containing 
immune complexes in the blood of some MS patients led us to 
examine whether antibodies to MBP (anti-MBP) are intrathecally 
produced and whether their production is associated with dis
ease activity. 
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METHODS 

Anti-MBP levels were determined in CSF and serum before 
and after acid hydrolysis by a solid phase radioimmunoassay. '7 

The final IgG concentration in all CSF and serum samples was 
adjusted to 0.010g/L. Immulon microtiter plates (96 wells/plate) 
were coated with human MBP (hMBP concentration = 1.0 
ug/well). Staphyloccocus A Protein (Staph A Prot) was iodin-
ated (I125) by the method of Hunter and Greenwood.I8 Aliquots 
of 100 ul CSF or serum (IgG concentration = 0.010 g/L) before 
and after acid hydrolysis were incubated in MBP coated wells 
for 2 hours at room temperature. After 5 washes, goat anti-
human immunoglobulin was added and incubation continued 
for 1 hour at room temperature. After another 5 washes I125 — 
Staph A Prot (50,000 cpm/well) was added and the plates were 
incubated overnight at room temperature and finally, after 5 
more washes the wells were individually counted. Results were 
expressed as percent (%) bound of total radioactivity (TC). 
Two positive (serum from a rabbit immunized with hMBP and a 
positive CSF pool) and two negative controls were used in each 
assay. When CSF samples with initially high IgG and anti-MBP 
values were serially diluted the anti-MBP levels (% bound) 
were parallel to the IgG concentrations. This assay was also 
validated by absorbing CSF anti-MBP with MBP prior to per
forming the assay. Absorbtion to MBP resulted in complete 
elimination of anti-MBP from samples that initially had high 
anti-MBP titers. Intraassay variability (CV) for 25 sets of dupli
cates was 3.86, while interassay variability (CV) for one set of 
quadruplicates over 10 different runs was 7.75. In order to 
determine nonspecific adherence of IgG to immulon plates, 
each sample was also assayed in wells that were not coated with 
hMBP. This nonspecific binding (=sl% of TC) was subtracted 
from the matched counts of CSF and serum samples. 

Anti-MBP levels were determined in 74 MS and 88 control 
patients. All MS patients had clinically definite disease.19 This 
group consisted of 15 patients in clinical remission with inactive 
disease (R) and 59 with active disease of which 31 had acute 
exacerbations (E) and 28 were experiencing chronically pro
gressive MS (P). The control group consisted of 25 neurologi-
cally normal patients with psychoneurosis (N), 32 with de
generative disc disease (M) and 31 with various neurological 
diseases exclusive of MS. 

Anti-MBP levels before and after acid hydrolysis in CSF and 
serum were expressed for each of the above clinical groups as 
% bound radioactivity ±2SD. Intergroup statistical differences 
were performed by Student's t test. Intrathecal anti-MBP syn
thesis was calculated by the anti-MBP index: 

Anti-MBP Index = CSF/Serum anti-MBP 
1000 (CSF/Serum Albumin) 

This index was determined on the basis of post acid hydrolysis 
values. In this formula, the serum anti-MBP level controls for 
the amount of antibody present in the serum and the CSF/Serum 
albumin ratio controls for the degree of breakdown of the blood 
brain barrier which permits increased leakage into the CSF. 
Intergroup differences of anti-MBP indexes were again deter
mined by Student's t test. 
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RESULTS 

All results are expressed as % bound radioactivity ±2SD. 
Nonspecific binding of IgG to immulon wells that were not 
coated with hMBP was subtracted from each sample value. 

Results in 88 control patients were 2.3±0.5 in CSF with a 
corresponding serum value of 0.8±0.6. Patients with psycho-
neurosis and degenerative disc disease had similar low values 
in both CSF (1.5 to 1.7±0.4) and serum (0.7±0.5). This was due 
to nonspecific binding of immunoglobulins to MBP, and do not 
represent anti-MBP. These values were considered normal. 
The control neurological disease group had slightly higher CSF 
(3.8±0.6) and serum (1.1 ±0.6) results. While the majority of 
these patients with neurological diseases exclusive of MS had 
values similar to those of patients with psychoneurosis, a patient 
with subacute sclerosing panencephalitis (SSPE) and two of 
eight patients with post infectious encephelomyelitis (PIE) had 
higher results. The patient with SSPE had 16.0 in CSF and 3.9 
in serum and the patients with PIE had 3.1 and 3.0 in CSF and 
1.2 and 1.0 in serum. These CSF values were significantly 
increased and represent anti-MBP activity. 

Anti-MBP was detectable in significantly higher amounts in 
CSF and serum of patients with active disease as opposed to 
those in remission or a group of controls (Table 1, Figure 1). In 
all MS clinical subgroups except patients in remission, post 
acid hydrolysis levels were higher than prehydrolysis values. 
Data was analyzed on the basis of total anti-MBP levels obtained 
after acid hydrolysis. 

Figure I — Anti-MBP levels (mean ±2SD) in CSF (A) and serum (B) of 
multiple sclerosis (MS) and control (C) patients. 

PQ: Student's t test versus control patients 
PR: Student's t test versus MS patients in remission 
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Table 1: Anti-MBP Index and the effect of acid hydrolysis on anti-MBP levels in CSF and serum of multiple sclerosis (MS) patients and controls. 

Controls 

N 
M 
ND 

Total 

MS 

R 
E 
P 

n 

25 
32 
31 
88 

15 
31 
28 

CSF" 

- H + 

0.4±0.2*"' 
0.6±0.4 
0.8±0.5 
0.5±0.3 

1.6±0.5 
7.6±6.9 

24.4±5.7 

+ H + 

1.5+0.4 
1.7±0.4 

3.8+0.6 
2.3±0.5 

1.6±0.4 
18.8±7.8 

53.6+15.6 

Anti-MBP levels* 

Serum" 

- H + 

0.2+0.1 
0.2±0.l 
l.0±0.6 
0.6+0.4 

0.6±0.5 
3.4+3.0 
2.5±0.8 

+ H + 

0.7±0.3 
0.7±0.5 
1.1+0.6 
0.8±0.6 

0.7+0.4 
5.9±2.2 
3.6+1.0 

Anti-MBP 

0.3±0.2 
0.9+0.5 
1.0+0.5 
0.8±0.4 

0.5±0.2 
1.7±0.4 
4.1 + 1.2 

' : Anti-MBP levels expressed as % bound radioactivity 
** : CSF and serum samples assayed at 0.01 g/L IgG 

*** : Results expressed as mean ±2SD 

Anti-MBP Index CSF/serum anti-MBP 
1000 (CSF/serum albumin) 

Patients subgroups: 
CONTROLS: 

N 
M 
ND = 

MS: 
psychoneurosis 
degenerative disc disease 
neurological diseases 

R 
E 
P 

remission 
exacerbation 
progressive 

5 r 

X 
CD 

I 3 
Q_ 
CD 

?2 
c 
< 

o1-

N Normal Patients 

MS 
R Remission 
E Exacerbations 
P Progressive 

N 
PN -

PR NS 

R E P 
NS <0.01 «=0.001 

— <0.01 «=0.001 

Figure 2 — Anti-MBP Index (mean ±2SD) in multiple sclerosis and normal 
patients. 

P/y: Student's t test versus normal patients 
PR: Student's t test versus patients in remission 

Although MS patients in remission had increased levels of 
intrathecal IgG synthesis, their anti-MBP value was not detecta
ble in either CSF (1.6±0.4) or serum (0.7±0.4). In contrast, MS 
patients with active disease had increased levels. Patients experi
encing acute exacerbations had significantly elevated levels in 
both CSF (18.8±7.8) and serum (5.9+2.2). The highest CSF 
levels (53.6± 15.6) were observed in MS patients with chroni
cally progressive disease. Their serum level (3.6±1.0) was 
lower than patients with acute exacerbations. CSF and serum 
anti-MBP levels were significantly higher in MS patients with 
active disease versus MS patients in remission or control patients 
(Figure 1). 

In the normal (N) control group, the anti-MBP index was 
0.3±0.2 (Table 1, Figure 2). The index was not significantly 
elevated in MS patients in remission. Similar to anti-MBP 
levels, all MS patients with active disease had significantly 
higher anti-MBP indexes. The highest values were found in 
patients with chronic progressive disease (4.1 ± 1.2). The index 
was 1.7±0.4 in patients with exacerbations. 

DISCUSSION 

Intrathecal IgG synthesis is a hallmark of MS.5,9 Although 
intrathecal IgG synthesis is increased in the majority of MS 
patients whether they have active or inactive disease, it was not 
the purpose of this study to determine the amount of total CSF 
IgG with specificity for MBP. It has been suggested that some 
of the intrathecal IgG is "nonsense antibody" without signifi
cance for MS.14 On the other hand, Panitch et al20 using a 
radioimmunoassay with guinea pig MBP, reported low anti-
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MBP levels in MS patients with exacerbations. While several 
other authors have found antibodies against MBP in MS CSF,2',22 

there have also been reported negative results.17 In this report 
we have demonstrated that autoantibodies to MBP are intra-
thecally produced in MS patients with active disease and that 
their presence correlates with disease activity. Conversely, 
anti-MBP was not present in MS patients in remission. Highest 
levels detected in patients with chronic progressive disease 
may be due to prolonged release of MBP into their CSF and 
serum and to the spatial dissemination of the pathology within 
the CNS. Longitudinal case studies of patients with chronic 
progressive disease from our Multiple Sclerosis Patient Care 
and Research Clinic have shown CSF anti-MBP consistently 
present in high titers. Clinically active MS whether in the form 
of acute exacerbations or chronic progressive disease is charac
terized by the presence of both free circulating and bound 
anti-MBP antibodies. 

Analysis of the CSF prior to acid hydrolysis detected free 
antibody in most patients with both forms of clinically active 
disease. However, the relative quantities of free and bound 
anti-MBP in different MS clinical subgroups has yet to be 
determined. Increased anti-MBP post hydrolysis values indi
cate that this antibody may be bound to proteins such as MBP 
or anti-idiotypes. 

Intrathecal^ synthesized IgG which does not have specific
ity for MBP may be directed against other oligodendrocyte or 
myelin proteins,22,23,24 viral antigens,25-26 or they may have a 
protective role as anti-idiotypic antibodies27,28 or be involved 
in immunoregulation. 

Although anti-MBP antibodies may be increased in neurologi
cal diseases other than MS, such as SSPE and PIE, this does 
not negate the possibility that they may play a role in the 
pathogenesis of this disease. Whereas diseases other than MS 
with elevated anti-MBP may be associated with normal im
munoregulation of the antibody, MS may be due to altered 
regulation of anti-MBP. Analyses of CSF from MS patients 
should include assays to detect MBP and anti-MBP as well as 
estimates of intrathecal IgG synthesis and oligoclonal banding. 
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