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The possibility that multiple sclerosis may result from an
abnormal immunological response has recently received some
attention (Miller and Schapira, 1959 ; Smith et al., 1961;
Lumsden, 1961). The antigens involved might be exogenous
or auto-antigens or both.

Successful induction of autoimmune encephalomyelitis in
various species of animals has been cited in support of the auto-
allergic pathogenesis of multiple sclerosis, although the
experimental lesions are not very similar to those seen in
multiple sclerosis.

If a disturbance of immune responsiveness is involved this
may be expressed by the formation of auto-antibodies against
some component of the central nervous system. Published
findings of the incidence of antibodies to central nervous tissue
have been conflicting (Sachs and Steiner, 1934; Kolb, 1950;
Lumsden et al., 1950; Raskin, 1955 ; Steffen et al., 1955;
Delank, 1957; Broman et al., 1960; Macleod et al., 1962;
Caspary et al., 1964), and this question has not been further
examined in the present study. Another possibility is that if
multiple sclerosis were an autoimmune disease, then, consonant
with the postulate of Hijmans et al. (1961), one might expect
to find a spectrum of organ-specific auto-antibodies as has been
described in autoimmune thyroid disease and pernicious
anaemia, or an abnormal incidence of non-organ-specific auto-
antibodies as in systemic lupus erythematosus.
The sera of patients with multiple sclerosis have therefore

been examined for antibodies to some exogenous antigens-
namely, dietary proteins-and for antibodies to thyroid and
gastric components and antinuclear and rheumatoid factors.

Materials and Methods
Sera were collected from 51 patients with a definite clinical

diagnosis of multiple sclerosis. The group included both in-
patients and out-patients in various stages of the disease; none

of them was receiving treatment with corticosteroids. Control
sera, matched for age and sex, were obtained from laboratory
staff and from healthy visitors to general medical in-patients
and stored at -20° C. in small aliquots until used for
immunological testing.

mixed with polystyrene-latex particles coated with gamma-
globulin.

4. Thyroid Antibodies to (a) Thyroglobulin.-The tanned-
red-cell test was used for the detection of thyroglobulin anti-
bodies using Wellcome preserved cells (Fulthorpe et al., 1961).
(b) Acinar-cell Cytoplasm: Sera were tested for antibodies to
the " microsomal " antigen of the thyroid acinar-cell cytoplasm
by complement fixation, using fresh human thyroid as antigen
(Roitt and Doniach, 1958) and by the immunofluorescent sand-
wich techinque using sections of unfixed human thyroid
(Holborow et al., 1959).

5. Gastric-parietal-cell Antibodies.-Antibodies to gastric-
parietal cells were detected by the immunofluorescence tech-
nique using unfixed human stomach sections (Taylor et al.,
1962).

6. Antibodies to Dietary Proteins.-The coated tanned-red-
cell test (Boyden, 1951), as modified by Gunther et al. (1960),
was used for detecting antibodies to gluten fraction III
(Frazer et al., 1959), purified bovine casein, a-lactalbumin, and
/3-lactoglobulin, as described previously (Taylor et al., 1961).
In addition, crystalline ovalbumin was used as antigen and
tested in the same way.
A modification of the micro-Ouchterlony technique (Wads-

worth, 1957) was also used in the case of the milk proteins.
Control sera and the sera from patients with multiple sclerosis

were tested simultaneously. In the case of complement-fixation,
latex, and tanned-red-cell tests all the sera were tested to one
or more antigens in one batch. For the immunofluorescence
tests the sera were tested in small batches consisting of equal
numbers of multiple sclerosis and control sera matched for
age and sex. Known positive and negative sera were used as
additional controls in each instance. Fluorescein-conjugated
rabbit antihuman gamma-globulin (Sylvana) was used in the
Coons sandwich technique, fluorescence being detected by dark-
ground ultra-violet microscopy using an Osram Hb 200 lamp.

Results

The incidence of gastric, thyroid, and non-organ-specific
antibodies and of rheumatoid factor are set out in Table I.

TABLE I.-Incidence of Auto-antdbodies in Patients with Multiple
Sclerosis (M.S.) and Control Subjects

Serological Tests

1. Antinuclear Factor.-The fluorescent antibody test using

calf thymus nuclei was performed according to the method of
Widelock et at. (1961).

2. Autoimmune Complement-fixation Test.-The supernatant

of a saline homogenate of fresh rat liver was used as antigen
and antibodies were detected by complement fixation as

described by Gaidusek (1958).
3. Hyland Latex Test for Rheumatoid Factor.-This test was

carried out on glass plates, a 1/20 dilution of serum being
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Immunological Test Negative _ Positive

Antinuclear factor .
M.S. 541 Nil

LControls 49 1
Autoimmune complement-f M.S. 40 10 (at 1/5) 1 (at 1/20)

fixation test . * Controls 43 7 (at 1/5) 0

Rheumatoid factor M. .

Controls 50 Nil
Gastric-parietal-cell anti- fM.S. 50 Nil

bodies .. Controls 47 3
Thyroid complement- M.S. 45 (6*) Nil

fixation test .. Controls 46 (4*) Nil
Thyroid cytoplasmic M.S. 46 4

Fluorescence Controls 44 6
f1 3

Thyroglobulin tanned-red- J M.S. 46t (at 1/250) (at 1/2,500)
cell test . Controls 46t 3 1

(at 11250) (at 1/2,500)

* Aniopeetr. * _______11TAelatve or _ 1 arm
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* Anticomplementary. t Negative or < 1/250.
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There is no significant difference between the multiple sclerosis
and control sera with any of the tests used.
With the tanned-red-cell test for antibodies to dietary

proteins, differences between multiple sclerosis and control sera
were obtained for two of the purified milk proteins, a-lactalbumin
and 3-lactoglobulin, which were highly significant. In the case
of gluten fraction III, casein, and ovalbumin no differences were
found (Table II).

TABLE II.-Incidence of Antibodies to Dietary Proteins in Patients with
Multiple Sclerosis and Control Subjects

Serological Reaction Statistical Significanceof Difference (Combin-
ing Values for Titres of

Neg. 1/20 1/200 1/2,0001 1/20,000| Total 1/200 and Above)

Gluten Fraction III
M.S. .. 22 16 13 - _ 51 X2=20.n=2.P>O05
Controls 53 28 15 2 - 98 Not significant

Casein
M.S. 2 38 11 - _ 51 X2= 20.n=2.P>0O0
Controls 10 71 15 2 - 98 Not significant

a-lactalbumin
M.S. .. 12 23 13 3 51 X2 = 11-8. n = 2. P < 0 01
Controls 40 50 6 4 100 Highly significant

f-lactoglobulin
M.S. .. 2 27 16 5 1 51 x = 13-8 n=2.

P <0.00i
Controls 24 55 19 2 - 100 Highly significant

Ovalbumin
M.S. .. 29 10 9 3 - 51 x2 =lOS0. n=2.

P > 0-05
Controls 24 10 12 2 2 50 Not significant

Tests for dietary proteins using the micro-Ouchterlony
technique were uniformly negative.

Discussion

In the present study significant differences were found
between patients with multiple sclerosis and control subjects in
the incidence of antibodies to two of the purified proteins of
cow's milk, a-lactalbumin and 3-lactoglobulin. It is noteworthy
that the frequency of high-titre reactions was less in patients
with multiple sclerosis than we have found previously in some
gastro-intestinal diseases, especially idiopathic steatorrhoea
(Taylor et al., 1961). In a more extensive study of these dietary
proteins we have discussed possible explanations for these high-
titre reactions. One explanation is that they may represent in-
creased absorption of whole protein from the gastro-intestinal
tract (Taylor et al., 1964).
Our study shows that there is no abnormal incidence of

gastric and thyroid antibodies or of antinuclear and non-organ-
specific complement-fixing antibodies or of rheumatoid factor
in multiple sclerosis. There is therefore no suggestion in
multiple sclerosis of a pattern of disturbance of immunological
responsiveness such as that found notably in Sj6gren's disease,
in autoimmune thyroiditis, in pernicious anaemia, and in
systemic lupus erythematosus.
The rarity of these antibodies in patients with multiple

sclerosis may be of some value in differential diagnosis. Since
gastric-parietal-cell antibodies are found in almost all cases of
pernicious anaemia and are negative in cases of multiple
sclerosis, the test may be of value in distinguishing the latter
from subacute combined degeneration of the cord. Similarly,
the finding of a positive antinuclear factor in an obscure neuro-
pathy would favour a generalized disease, such as systemic
lupus erythematosus, rather than multiple sclerosis.

From the present study no conclusion on the pathogenesis of
multiple sclerosis can be drawn.

Shatin (1964), on the basis of epidemiological evidence, has
suggested that multiple sclerosis may be the result of gluten
intolerance and that the primary lesion is in the small intestine.
In the present study the incidence of antibodies to gluten in
patients with multiple sclerosis did not differ from that in
control subjects. The positive finding of an abnormally high
incidence of serum antibodies to milk proteins may be due to
involvement of some immunological phenomenon or to some
nutritional factor, the immunological changes merely reflecting
high consumption of milk products ; this remains to be resolved.

Summary

Specimens of serum from 51 patients with multiple sclerosis
have been tested for antinuclear factor, rheumatoid factor,
thyroid and gastric antibodies, and non-organ-specific comple-
ment fixation. When compared with a healthy control group
matched for age and sex there was no significant increase in
the incidence of these antibodies. In addition, the sera have
been tested for antibodies to several dietary proteins. Sera from
patients with multiple sclerosis showed a significantly greater
incidence of antibodies to two of the purified proteins of cows'
milk, a-lactalbumin and /3-lactoglobulin, than sera from the
controls, but high-titre reactions were infrequent in both groups.
The antibody titres to casein, ovalbumin, and gluten fraction III
closely resembled the levels in a control group.
The significance of the findings in relation to current

theories of an immunological disturbance as the underlying
cause in multiple sclerosis is discussed.

We wish to thank Professor L. J. Witts for facilities, and Dr.
Honor V. Smith for allowing us to take specimens of serum from
patients under her care. Expenses were met in part by grants from
the Medical Research Council and U.S. Public Health Service
Grant No. AM 06971-03.
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