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Summary 

Three monoclonal antibodies reactive with human myelin basic protein have been 
used to develop immunoradiometric assays for this protein. Clone 1, a mouse 
IgG2a, is reactive with an epitope in the region 129-138. Clone 2, a mouse IgG1, is 
reactive with the region 119-131. Clone 12, a rat IgG, is reactive with the region 
86-96. 

Competition experiments sho,', that the reactions of Clone 1 and Clone 2 are 
mutually exclusive, probably because of steric effects. In contrast, when either Clone 
1 or Clone 2 react they cause minimal interference with the subsequent binding of 
Clone 12. 

Less than 1 ng/ml of myelin basic protein can be detected in each of the two 
immunoradiometric assays developed. Clone 12 can also be used on its own in a 
competitive immunoassay to detect around 2 ng/ml. Using an extraction technique 
before the assay, serum or plasma can also be investigated. 

Assays for defined regions of myelin basic protein should prove valuable in 
identifying the products of myelin catabolism in patients with demyelinating "dis- 
ease. 
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Introduction 

Myelin basic protein (MBP) peptides are believed to reach body fluids in a 
number of clinical situations including stroke (Palfreyman et al. 1979; Whitaker et 
al. 1980), head injury (Thomas et al. 1978), and multiple sclerosis (Whitaker et al. 
1980; Paterson et al. 1981). Since MBP is a protein specific for the myelin sheath it 
is possible that immunoassays to detect these peptides in body fluids could form the 
basis for clinically useful assays to detect myelin destruction. Unfortunately, the 
MBP molecule is rapidly degraded in body fluids into a variety of peptides. This 
causes considerable problems in the design of suitable immunoassays (Day 1982). 
Little is known about the fate of individual MBP epitopes in body fluids. 

It has been suggested that MBP peptides circulating in the blood of normal 
individuals may be tolerogenic, preventing autoreactive T cells from damaging 
myelin (Paterson et al. 1981). By this hypothesis, an acute episode of multiple 
sclerosis could result from the temporary removal of such peptides from the 
circulation. Normal serum may also contain proteins of non-CNS origin with 
epitopes which cross-react with myelin basic protein epitopes (Day et al. 1985). It 
has recently been claimed that a proportion of patients with multiple sclerosis have 
intact molecules of MBP, and various MBP peptides, as components of immune 
complexes in their serum (Dasgupta et al. 1983). 

In view of these findings, it is necessary to develop MBP assays of the molecular 
form of the MBP peptides which occur in body fluids. We are preparing a battery of 
monoclonal antibodies for this purpose: single high affinity monoclonals will be 
used in competitive assays and pairs of monoclonals to adjacent, non-overlapping 
epitopes will be used in two-site immunoradiometric or immunoenzymometric 
assays to detect larger peptides which contain the two epitopes. 

In the present study we describe the use of three of our latest monoclonals in 
immunoassays. 

Materials 

Nunc Maxisorb tubes and immunoplates were obtained from Gibco Europe, 
Uxbridge, U.K. Protein A-Sepharose, Tween 80 and calf thymus histones (type 2s) 
were obtained from Sigma Chemicals, Poole, U.K. Sheep anti-rat IgG/peroxidase 
conjugate was obtained from Serotec, Blackthorn, U.K. Human myelin basic 
protein was purified as described previously (Groome et al. 1985). 
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Methods 

Production of monoclonal antibodies 
Clone 1 (IgG2a) and Clone 2 (IgG1) mouse monoclonal antibodies reactive with 

myelin basic protein were produced as described previously (Groome et al. 1985). 
The monoclonal Clone 12 (IgG) was prepared by the fusion of spleen cells from an 
immunised Wistar rat with the mouse myeloma line NS0. The characteristics of this 
myeloma have been described by Clarke et al. (1981). The antigen for the latter 
fusion was a conjugate of bovine myelin basic protein and ovalbumin prepared with 
carbodiimide (Whitaker et al. 1980). This was prepared by stirring 20 mg of bovine 
MBP, 10 mg of ovalbumin and 20 mg of carbodiimide together in 5 ml of water for 
20 h at room temperature. The sample was then extensively dialysed against isotonic 
saline and stored at - 7 0 ° C .  Each rat received an initial injection of the conjugate 
containing 100 ~g MBP in Freund's complete adjuvant followed by two boosts 
containing 50/~g at monthly intervals. The rats were then left for 6 months. A final 
intravenous boost containing 1 mg of MBP conjugate in saline was followed 4 days 
later by the fusion. Cloning immediately after fusion and recloning were carried out 
in methylcellulose (Davis et al. 1982). 

Specificity of the monoclonal antibodies 
Inhibition ELISA experiments on each monoclonal were carried out using intact 

MBP from different species, peptides derived by proteolysis and synthetic peptides. 
From these experiments the epitope for each antibody has been localised, as 
follows: Clone 1 reacts with the region 129-138, Clone 2 with the region 119-131 
and Clone" 12 with the region 86-96. The numbering of MBP residues used in this 
paper is that described by Martenson (1984). Clone 1 appears to have a similar 
specificity to the monoclonal MAb 1.30 which has previously been described in 
detail (Hruby et al. 1985). Clo~:e 2 antibody specificity is such that the synthetic 
peptides 114-131 and even 119-131 are as effective as whole human MBP in 
reacting with this antibody. Clone 12 antibody specificity is such that the synthetic 
peptide N H  2 cysteine 82-99 glycine COOH is as effective as whole MBP in reacting 
with this antibody. More details of the characterisation of the epitopes of these and 
other MBP monoclonals will be described elsewhere (Hruby et al., in preparation: 
Groome et al., in preparation). 

Ascites production and antibody purification 
Production of ascites fluid containing each monoclonal was carried out in nude 

mice to overcome histocompatibility problems. The mice were maintained in a 
positive pressure isolator. The antibodies from Clones 1 and 2 were purified by 
affinity chromatography on Protein A-Sepharose (Ey et al. 1978). Each antibody 
eluted at the pH expected for its subclass. Clone 1 ascites fluid contained approxi- 
mately 8 mg IgG2a/ml ,  Clone 2 ascites fluid contained approximately 6 mg 
IgG1/ml .  

The Clone 12 antibody was purified from ascites fluid by chromatography on a 
hydroxyapatite column (Stanker et al. 1985). A large peak of albumin eluted rapidly 
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from the column followed by a well-resolved immunoglobulin peak containing at 
least 90% of the original activity. 

Iodine labelling of monoclonal antibodies 
Monoclonal antibodies were labelled with 125I using Iodogen catalysis (Johnstone 

and Thorpe 1982). The specific activity was calculated as described by Bolton 
(1977). The initial specific activity was 10 /~Ci//~g. Clone 12 still gave acceptable 
results in the immunoradiometric assays after 2 months storage at 4°C. 

Competition experiments with monoclonal antibodies 
Maxisorb tubes were coated with 500/~1 of human MBP (100 ng /ml )  in 0.1 M 

phosphate buffer pH 6. The tubes were incubated overnight at 4°C and then washed 
5 times with 1.2% (w/v)  sodium chloride using a Nunc tube washer. The radio- 
labelled monoclonal was diluted in buffer A. This was 0.05 M phosphate buffer pH 
7 containing 1.2% (w/v)  sodium chloride, 0.05% (w/v)  Tween 80 and 0.5 rng/ml  
calf thymus histones. 

The dilutions of the monoclonal (500 /~1) were added to a set of MBP-coated 
tubes and some uncoated tubes as controls. The tubes were incubated overnight at 
room temperature, washed and counted in a gamma counter. From this titration a 
dilution of the monoclonal was selected for the subsequent competition experiments 
which gave approximately 10 000 cpm bound. The monoclonal antibodies to be used 
for competition were diluted in buffer A and added in duplicate (400/~1) to a set of 
MBP-coated Maxisorbs. Two tubes were incubated with buffer only as controls. The 
tubes were incubated for 1 h at room temperature to allow the antibodies to saturate 
all the epitopic sites on the available MBP. Then 100 /~1 of the radiolabelled 
monoclonal was added at the dilution expected to give 10000 cpm bound in the 
control tubes. The tubes were incubated overnight, washed and counted. When the 
unlabelled and radiolabelled monoclonals are of identical specificity the inhibition 
should approach 100% at the highest levels of unlabelled antibody. The extent of 
inhibition by other monoclonals provides information on the effect which binding 
of the unlabelled monoclonal has on the epitope recognised by the radiolabelled 
monoclonal. 

Immunoradiometric assays 
Solutions of Clone 1 or Clone 2 monoclonal antibodies (10 /~g/ml) in 

phosphate-buffered saline were added to Maxisorb tubes (300/~l/ tube).  The tubes 
were incubated overnight and then washed 5 times with 1.2% (w/v)  saline. The 
tubes were blotted dry on paper towelling and duplicate 300 btl samples of various 
MBP standard solutions in buffer A were added. Two tubes received buffer only. 
The tubes were incubated overnight at room temperature and then washed twice. To 
each tube 300 ~1 of iodine-labelled Clone 12 (50000 cpm) in buffer A was added. 
The tubes were again incubated overnight, washed 10 times and counted. The 
counts were proportional to the amount of MBP in the standards. It is also possible 
to add the radiolabel and the standards at the same time and complete the assays 
after a single incubation. 
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Inhibition enzyme immunoassay 
This was used to compare the relative affinities of different monoclonal antibod- 

ies and thus to assess the suitability of each monoclonal for use in various 
immunoassays. Only high affinity monoclonals permit sensitive competitive im- 
munoassays. 

Nunc Immunoplates (Type 1 with certificate) were coated with human MBP by 
overnight incubation at 4°C. Each well received 200/~1 of 0.5/~g/ml MBP in 0.1 M 
phosphate buffer pH 6. The wells were then washed 10 times with 1.2% (w/v)  
sodium chloride in 0.05 M phosphate buffer pH 7 using a Nunc microplate washer. 
The plates were then stored dry at 4°C until use. 

Each monoclonal antibody to be tested was serially diluted in 0.05 M phosphate 
buffer pH 7 containing 1.2% (w/v)  sodium chloride, 0.5% (w/v)  Tween 80 and 1% 
(w/v)  bovine serum albumin. Duplicate samples (200 /~1) of each dilution were 
added to wells on an MBP-coated plate. The plate was covered and left at 4°C 
overnight. The wells were washed as before and 200 #1 of a solution of sheep 
anti-rat IgG/peroxidase conjugate (1 : 1000 dilution) was added to each well. The 
plate was left at room temperature for 1 h. After a final washing, each well received 
200 ~1 of peroxidase substrate (0.1 mM hydrogen peroxide, 1.8 mM ABTS in 0.1 M 
citrate buffer pH 4). The plate was covered and left in the dark at room temperature 
overnight. The absorbance at 405 nm of each well was then read against the blank 
using as a Dynatek Minireader Mark 2. 

From this initial titration a dilution of each antibody producing an absorbance of 
0.5 was determined. Samples of a human MBP solution (1 mg/ml)  were added to 
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Fig. 1. Competition between different monoclonal antibodies for binding to human MBP. Various 
unlabelled monoclonal antibodies were tested for their ability to inhibit the binding of a radiolabelled 
monoclonal to solid-phase human MBP. (a )  Radiolabelled Clone 1 antibody. (b) Radiolabelled Clone 12 
antibody. The unlabelled competitor antibodies were as indicated. 
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aliquots of the appropriately diluted monoclonal to give final concentrations of 1 
ng/ml, 10 ng/ml, 100 ng/ml and 1000 ng/ml. The solutions were incubated 
overnight at 4°C and then added in duplicate (200/~1) to a coated plate. The assay 
was completed as above. The monoclonal antibodies with the highest affinity will 
usually be inhibited by lower MBP concentrations than a low affinity antibody. 

Acidification / boiling extraction of serum before assay 
This procedure,  which removes much lipid and protein material f rom serum but 

leaves MBP in the solution for immunoassay,  was as described by Delassalle et al. 
(1980). 
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Fig. 2. Inhibition ELISA. Various rat monoclonal anti-MBP antibodies were reacted with different 
concentrations of competitor human  MBP before being added to MBP-coated microtitre wells. After 
subsequent incubation with a peroxidase-labelled anti-rat IgG and then peroxidase substrate the 
absorbances were read and expressed as a percentage of the uninhibited control. 
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Fig. l a  shows the result of an experiment in which various monoclonals were 
tested for their ability to inhibit the reaction of radiolabelled Clone 1 with human 
MBP. As expected, unlabelled Clone 1 inlfibited well. The fact that unlabelled Clone 
2 was almost as effective an inhibitor indicates that the binding of Clone 2 to its 
epitope causes either steric hindrance of the Clone 1 epitope or alters the structure 
of the epitope sufficiently to prevent binding of this clone. This meant that the 
Clone 1 and Clone 2 antibodies could not be used together in a two-site (sandwich) 
immunoassay. 

In attempts to make monoclonals to new epitopes which might sandwich with 
Clones 1 and 2, fusions were carried out with the spleen from immunised rats. 
Clones arising from these fusions were assessed for their affinity characteristics by 
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Fig. 3. lmmunoradiometric assays (IRMAs) for human MBP. (a)  Solid-phase Clone 1 antibody. 
Radiolabelled Clone 12 antibody. (b) Solid-phase Clone 2 antibody. Radiolabelled Clone 12 antibody. 
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inhibition ELISA. The results revealed a wide range of affinities (Fig. 2). The 
highest affinity antibodies are inhibited by the smallest amounts of the competing 
human MBP. Clone 12 was the first monoclonal from this group to be selected as a 
possible candidate for sandwiching with Clones 1 and 2. 

We had to establish first if binding of the Clone 1 and Clone 2 antibodies could 
take place without interfering with the subsequent binding of Clone 12. Fig. l b  
shows the result of an experiment in which various monoclonals were tested for 
their ability to inhibit the binding of radiolabelled Clone 12 to MBP. Unlabelled 
Clone 12 inhibited completely, as expected, but both Clones 1 and 2 had minimal 
effect even in very large amounts. It can be seen from Fig. lb  that the small effect of 
Clones 1 and 2 occurred at quite low concentrations of the clone as soon as the 
epitope was saturated. It showed no increased inhibition at much greater levels, in 
contrast to the complete inhibition with Clone 12. It was concluded that the binding 
of neither Clone 1 nor Clone 2 interfered significantly with the binding of Clone 12. 

These results suggested the possibility that Clone 1 and Clone 12, or Clone 2 and 
Clone 12, could be used to develop a two-site sandwich immunoassay for MBP. This 
proved to be the case (Fig. 3a, b). In each case less than 1 n g / m l  of MBP could be 
detected. 

Discussion 

It is important that any MBP immunoassay should be applicable to body fluids 
and still give valid results if, for instance, the MBP for assay is initially in serum in 
the form of immune complexes. Immune complexes containing MBP have been 
reported to exist in sera from patients with multiple sclerosis (Dasgupta et al. 1983). 
It might be anticipated that during the acidification/boiling extraction treatment of 
serum (Delassalle et al. 1980) the antibody component  of the immune complex 
would become insoluble before it released MBP, resulting in low MBP values being 
obtained. We tested for this in two ways (results not shown). First, nanogram 
amounts of radiolabelled human MBP were converted into immune complexes 
containing excess antibody by the addition of hyperimmune rabbit anti-MBP serum. 
These complexes were added to human serum and the extraction procedure carried 
out as described by Delassalle et al. (1980). The labelled MBP was quantitatively 
recovered in the supernatant. In a second approach unlabelled MBP alone was 
added to one lot of serum and unlabelled MBP in the form of immune complexes 
was added to another lot. Both were extracted and the final solution assayed by the 
sandwich assay with radiolabelled Clone 12 and solid-phase Clone 1. The result 
indicated no loss of immunoreactive MBP. These preliminary results suggested that 
our immunoassays, combined with the serum extraction procedure, may be useful in 
identifying intact MBP in patients'  sera, even if it is in immune complexes. The 
assay would also be expected to detect other fragments large enough to contain both 
epitopes in an unaltered conformation. 

It has been reported that not all antisera capable of reacting with intact MBP do 
so with MBP in patients'  CSF and serum samples (Day 1982). This is believed to be 
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because the molecule is rapidly degraded to a variety of smaller peptides and the 
antisera in different laboratories recognise different epitopes (Day 1982). There is 
agreement that the fragment size is probably somewhat smaller in MS patients than 
those with stroke or head injury (Karlsson and Alling 1984). The atypical gel 
filtration behaviour of the highly cationic MBP peptides has made it difficult to 
obtain accurate estimates of the molecular weight of the peptides (Karlsson and 
Alling 1984). CSF is rich in enzymes which can degrade MBP (Alvord et al. 1978). 
For MBP which reaches the bloodstream the kidney is a major site of catabolism 
(Bashir and Whitaker 1980). Another possible way in which some epitopes on MBP 
could become inaccessible to antibody is through binding to lipids or to other 
proteins (Macklin et al. 1981). Delassalle et al. (1980) have described an extraction 
procedure which can be used to remove many non-MBP interfering substances from 
serum before assay but it has been little used. 

Whitaker et al. (1980) have shown that immunoassays specific for peptide 82-91 
(previously referred to as 79-88) were the most successful in detecting immunoreac- 
tive material in the CSF of acute MS or stroke patients. The possibility of other 
epitopes being present in larger amounts, however, was not ruled out. Dowse et al. 
(1984) used a monoclonal antibody specific for region 129-138 to detect im- 
munoreactive material in the serum of a stroke patient. Paterson et al. (1981) have 
found picomolar amounts of material immunologically related to MBP epitopes in 
sera from normal individuals and MS patients and have suggested the possible 
importance of these factors (MBPSFs) in inducing tolerance. In a recent paper it 
was shown that at least one of these epitopes is on a molecule other than MBP and 
may not even originate in the CNS (Day et al. 1985). 

Myelin basic protein is normally attached quite tightly to isolated myelin and 
requires low pH or proteolytic enzymes to release it (Rumsby 1978). In an MS 
patient it would be susceptible to digestion by proteases in the plaque area and, if it 
subsequently reached the bloodstream, would be degraded by the kidney (Bashir 
and Whitaker 1980). The kidney appears to function as a highly efficient cation 
trap, binding MBP for several hours before releasing it into urine. MBP is known to 
be degraded by enzymes generated during the clotting of blood (Pescovitz et al. 
1978). In view of these facts the recent claim by Dasgupta et al. (1983) that intact 
(18 000 molecular weight) MBP molecules and certain large MBP peptides are to be 
found as components of immune complexes in the serum of many MS patients is 
unexpected. This report contradicts a study by Jacque et al. (1982) in which they 
found MBP in only 3 of 232 MS sera. The main technical difference between these 
two studies is that Jacque et al. (1982) used acidification/boiling pretreatment 
(Delassalle et al. 1980) of samples to remove interfering non-MBP materials. The 
possibility therefore exists that the material studied by Dasgupta et al. is merely 
cross-reactive with MBP, does not have a full range of MBP epitopes, and could be 
removed by the acidification/boiling. We tested for the possibility that MBP in 
immune complexes could be removed by acidification/boiling pretreatment (results 
not shown). It appeared that immune complexes containing MBP dissociate during 
the treatment exposing the MBP for immunoassay. The discrepancy between the 
results of Jacque et al. (1982) and Dasgupta et al. (1983) remains unexplained. 
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Clearly differences in the specificity of the antiserum (Day 1982) should not play a 
part if the material present is really intact MBP. 

These unresolved problems emphasise the importance of developing more specific 
and sensitive assays for the detection of MBP peptides in body fluids. At present~ 
the different assay systems include competitive assays (e.g., RIA or inhibition 
ELISA) in which reagent antibody is used in limiting amounts and the ultimate 
assay sensitivity is dependent on the affinity of the antibody-antigen interaction. 
Only a minority of monoclonal antibodies could be expected to give assays of 
equivalent sensitivity to that readily achieved with a polyclonal antiserum. The wide 
variation of affinities, and hence assay potential, to be found between some of our 
rat monoclonal antibodies is demonstrated in Fig. 2: Clone 12 can be used for a 
sensitive competitive assay while in contrast, Clones 17 and 18 are much less 
sensitive in this format but are suitable as the solid-phase antibody in two-site 
assays. Clones 1 and 2, used as solid-phase antibodies in the present study, are 
similar to Clones 17 and 18 in their assay potential. Clone 13 would be of little use 
for immunoassay but may well be adequate for immunocytochemical or immuno- 
blotting techniques. The advantage of a competitive assay is that it is specific for a 
single epitope and if the epitope retains its structure in small peptide fragments after 
digestion, as many MBP epitopes do (Hruby et al. 1985) then the assay can be used 
in clinical situations. A disadvantage is that an epitope may consist of only a short 
amino acid sequence identical to that on other proteins in body fluids leading to 
false-high assay values. 

Specific assays for defined peptide regions of the MBP molecule could also be 
achieved with polyclonal antibodies if certain synthetic peptides were used as 
immunogens or alternatively, antisera to whole MBP can be used with a small 
peptide as the radiolabel (Whitaker 1980). 

Two-site assays (e.g., IRMA, IEMA), have the advantage that low antibody 
affinity can to some extent be compensated by the use of an excess, and reasonable 
sensitivity can be achieved even using monoclonals of modest affinity. In practice, 
best results are likely to be achieved where the antibody of highest affinity is 
selected to carry the label: thus, in our experiments Clones 1 and 2 are used on the 
solid phase and the higher affinity Clone 12 is radiolabelled. Small amounts of 
cross-reactive material in the sample sharing one of the epitopes with MBP, will 
have no effect on the result but only intact MBP or fragments large enough to 
contain both epitopes on one fragment will react. If  one wishes to use a two-site 
assay on small MBP peptides it becomes important to consider how close together 
on a molecule two epitopes can be before interfering with each other's interaction 
with antibody. The interaction of one antibody with its epitope may also distort the 
conformation of an epitope some distance away, through alterations in secondary 
structure. The clonal competition experiments described here are a more sensitive 
indicator of the extent of interaction between two monoclonals than their ability to 
form a sandwich. Optimal sensitivity in such an assay can only be achieved with 
monoclonals which bind but do not interfere with each other. 

In any immunoassay of the MBP in a clinical sample there is likely to be a 
heterogenous mixture of intact MBP and peptide fragments. It will only be possible 
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to interpret the results obtained in such a system when immunochemical studies 
have determined how the epitopes are likely to change as the molecule fragments. 
The detailed characterisation of the epitopes for the three clones used here will be 
described elsewhere (Hruby et al., in preparation; Groome et al., in preparation). 

These studies indicate that it is feasible to develop a large number of epitope- 
specific competitive, and region-specific two-site assays, applicable to MBP. Such 
assays could help to unravel the mechanisms of MBP catabolism in patients with 
multiple sclerosis and to identify the possible end-products indicative of demyelina- 
tion. 

Acknowledgement 

The authors are grateful to Mr. Derek Whitely for drawing the figures. 

References 

Alvord, E.C., S. Hruby and L.R. Sires, Degradation of myelin basic protein by cerebrospinal fluid: 
preservation of antigenic determinants under physiological conditions, Ann. Neurol., 6 (1979) 
474-482. 

Bashir, R.M. and J.N. Whitaker, Metabolism of a peptide of human myelin basic protein in the rabbit, 
Neurology, 30 (1980) 1184-1192. 

Bolton, A.E., Radioiodination Techniques Review 18, The Radiochemical Centre, Amersham, 1977, pp. 
46-48. 

Clarke, M.R., B.W. Wright and C. Milstein, Unpublished results cited in: Methods in Enzymology, Vol. 
73, Part B, 1981, pp. 3-46. 

Dasgupta, M.K., I. Catz, K.G. Warren, T.A. McPherson, J.B. Dossetor and P.R. Carnegie, Myelin basic 
protein: a component of circulating immune complexes in multiple sclerosis, Can. J. Neurol. Sci., 10 
(1983) 239-243. 

Davis, J.M., J.E. Pennington, A.M. Kubler and J.F. Conscience, A simple single step technique for 
selecting and cloning hybridomas for the production of monoclonal antibodies, J. Immunol. Methods, 
50 (1982) 161-171. 

Day, E.D., Radioimmunoassay of myelin basic protein, Clin. Immunol. Newslett., 3 (1982) 53-59. 
Day, E.D., G.A. Hashim, K.J. Lazarus and P.Y. Paterson, A serum factor cross reactive with antibody to 

a determinant of rabbit encephalitogenic sequence 65-74 of myelin basic protein, Neurochem. Res., 
10 (1985) 335-349. 

Delassalle, A., C. Jacque, J. Drouet, M. Raoul, J.C. Legrand and F. Cessalin, Radioimmunoassay of 
myelin basic protein in biological fluids, Biochim., 62 (1980) 159-165. 

Dowse, C.A., P.R. Carnegie, D.S. Linthicum and C.C.A. Bernard, Solid phase radioimmunoassay for 
human myelin basic protein using a monoclonal antibody, J. Neuroimmunol., 5 (1984) 135-144. 

Ey, P.L., S.J. Prowse and C.R. Jenkin, Isolation of pure IgG1, IgG2a and IgG2b immunoglobulins from 
mouse serum using Protein A-Sepharose, Immunochemistry, 15 (1978) 429-436. 

Groome, N.P., J. Harland and A. Dawkes, Preparation and properties of monoclonal antibodies to 
myelin basic protein and its peptides, Neurochem. Int., 7 (1985) 309-317. 

Hruby, S., E.C. Alvord, R.E. Martenson, G.E. Deibler, W.F. Hickey and N.K. Gonatas, Sites in myelin 
basic protein that react with monoclonal antibodies, J. Neurochem., 44 (1985) 637-650. 

Jacque, C., A. Delassalle, G. Rancurel, M. Raoul, B. Lesourd and J.C. Legrand, Myelin basic protein in 
CSF and blood, Arch. Neurol., 39 (1982) 557-560. 

Johnstone, A. and R. Thorpe, In: Immunochemistry in Practice, Blackwell, Oxford, 1982, pp. 109-110. 



264  

Karlsson, B. and C. Ailing, Molecular size of myelin basic protein immunoactivity in spinal fluid, J. 
Neuroimmunol., 6 (1984) 141-150. 

Macklin, W.D., M.B. Lees, S.R. Cohen and S.B. Ayella, Hydrophobic compounds interfere in radioim- 
munoassay of myelin basic protein, Clin. Chem., 27 (1981) 742-744. 

Martenson, R.E., In: E.C. Alvord, M.W. Kies and A.J. Suckling (Eds.), Experimental Allergic Encepha- 
lomyelitis. A Useful Model for Multiple Sclerosis, Wiley, New York, 1984, pp. 273-289. 

Palfreyman, J.W., R.V. Johnston, J.G. Ratcliffe, D.G.T. Thomas and C.D. Forbes, Radioimmunoassay of 
serum myelin basic protein and its application to patients with cerebrovascular accident, Clin. Claim. 
Acta, 92 (1977) 403-409. 

Paterson, P.Y., E.D. Day, C.C. Whitacre, R.A. Berenberg and D.H. Harter, Endogenous myelin basic 
protein serum factors and anti MBP antibodies in humans, J. Neurol. Sci., 52 (1981) 37-51. 

Pescovitz, M.D., P.Y. Paterson, J. Kelly and L. Lorand, Serum degradation of myelin basic protein with 
loss of encephalitogenic activity. Evidence for an enzymic process, Cell. Immunol., 39 (1978) 355-365. 

Rumsby, M.G., Organisation and structure in central nervous system myelin, Biochem. Soc. Trans., 6 
(1978) 448-462. 

Stanker, L.H., M. Vanderlaan and H. Juarez-Salinas, One step purification of mouse monoclonals from 
ascites fluid by hydroxyapatite, J. Immunol. Methods, 76 (1985) 157-169. 

Thomas, D.G.T., J.W. Palfreyman and J.G. Ratcliffe, Serum myelin basic protein assay in diagnosis and 
prognosis of patients with head injury, Lancet, i (1978) 113-115. 

Whitaker, J.N., R.M. Bashir, C.H. Chou and R.F. Kibler, Antigenic features of myelin basic protein-like 
material in cerebrospinal fluid, J. Immunol., 124 (1980) 1148-1153. 


