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SUMMARY

The prevalence of autoantibodies to muscle, epithelial cells of calf thymus,
thyroid, gastric parietal cells and antinuclear and rheumatoid factors has been
studied in the sera of thirty-two patients with myasthenia gravis and their relatives.

Previous reports of an increased prevalence of autoantibodies in the sera of
patients with myasthenia gravis have been confirmed and it has been shown that
concurrent reactivity to muscle and thymus is closely correlated with the severity
of the myasthenia and the presence of a thymoma, whereas no such correlation
occurred with the other antibodies studied. None of the sera from relatives or
spouses showed concurrent reactivity with thymus and muscle, and with the
exception of one patient with pernicious anaemia, sera from patients with a variety
of other diseases were also negative.
A slight increase in the prevalence of autoantibodies to thyroid and gastric

components and antinuclear factor was found in first degree relatives of patients
with myasthenia gravis; this could be accounted for by their aggregation in a few
families.

INTRODUCTION
Autoantibodies to muscle were first demonstrated in the serum of patients with myasthenia
gravis by Strauss et al. (1960) using complement fixation and confirmed by Beutner et al.
(1962) using an indirect immunofluorescent technique. Since then a number of reports have
appeared which indicate that these antibodies are present in sera from 25% to 5000 of
patients with myasthenia gravis (Feltkamp et al., 1963; van der Geld et al., 1963; Osserman
& Weiner, 1965; van der Geld & Strauss, 1966). The antibody reacts with A-bands in
skeletal and heart muscle but not with the motor end plate. Concurrent reactivity between
striated muscle and epithelial cells of calf thymus has been demonstrated (van der Geld,
Feltkamp & Oosterhuis, 1964; van der Geld & Strauss, 1966). Similar reactivity was noted
in only one healthy subject and did not occur in patients with other disorders of muscle.
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The antibodies are found most commonly in patients with an associated thymoma and in
those with severe or progressive disease. In addition, a high incidence of antinuclear factor
(White & Marshall, 1962) and thyroid antibodies (van der Geld et al., 1963) has been
described in myasthenia gravis, suggesting that there is a widespread autoimmune disturb-
ance in the disease.

Additional evidence in support of the possibility that an autoimmune disturbance might
be a factor in the pathogenesis of myasthenia gravis might be obtained by examining its
association both clinically and serologically with other putative autoimmune diseases. Since
autoimmune diseases frequently run in families, a similar study of the relatives of patients
with myasthenia gravis would be of interest.

It is the purpose of the present report to describe the distribution of autoantibodies in
the sera from thirty-two patients with myasthenia gravis and their relatives as well as in the
sera of patients with a variety of other disorders. The clinical aspects of the study will be
reported in detail elsewhere (Kerr & Wright, in preparation).

MATERIALS AND METHODS

Patients studied

Myasthenia gravis probands and relatives. Thirty-two patients with myasthenia gravis were
interviewed and a full personal and family history obtained. The accessible relatives were
visited and specimens of blood taken from all the propositi, 106 blood relatives and twenty
spouses.
Thymomaprobands and relatives. Four patients who had had a thymectomy for a thymoma

but had no clinical evidence of myasthenia gravis and their relatives were contacted in the
same way and specimens of blood taken; a total of ten relatives and three spouses.

Miscellaneous diseases and healthy controls. Additional specimens of serum were available
from fifty patients with pernicious anaemia, fifty patients with rheumatoid arthritis, fifty
patients with thyrotoxicosis who had been treated with radio-iodine, twenty patients with
systemic lupus erythematosus and a large number of healthy controls who were matched for
age and sex with the test groups.

Serological tests

All specimens of serum were given a code number and stored at - 20°C in several small
aliquots until tested for the following autoantibodies:

(1) Antibodies to muscle and epithelial cells of calf thymus. These were detected by means
of the indirect immunofluorescent technique. Sections of rat, human and calf muscle and
calf thymus 5-8 p thick were cut in a cryostat at - 20°C after the tissues had been snap-
frozen in iso-pentane. Serum at an initial dilution of 1:10 was applied to the sections for
10 min and then washed in barbitone buffer at pH 7-2 for 60 min. A high-titre rabbit anti-
human IgG globulin conjugated with fluorescein isothiocyanate (protein content 8 mg/ml,
fluorescein-protein ratio of 4, 8 units of anti-IgG antibody per ml; Beutner, Holborow &
Johnson, 1965), kindly provided by Dr E. H. Beutner, was diluted 1:40 and applied to the
sections for 10 min in a humid atmosphere. After washing for 120 min the sections were
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mounted in equal volumes of glycerol and buffer. They were examined within 24 hr by
fluorescence microscopy with an HB 200 lamp as the source of ultraviolet light and BG 12
excitor filter.

(2) Antinuclear factors were detected in a similar manner using sections of muscle and
rat liver.

(3) Antibodies to thyroid acinar cell cytoplasm (Holborow et al., 1959) and gastric
parietal cells (Taylor et al., 1962) were also detected by the indirect immunofluorescent
technique as described elsewhere (Wright & Truelove, 1966).

(4) Antibodies to thyroglobulin were detected by the tanned red-cell test using preserved
cells (Fulthorpe et al., 1961) as supplied by Wellcome Research Laboratories, Beckenham,
Kent.

(5) Sera were examined for rheumatoid factor by the Hyland latex test (Baxter Labora-
tories, High Wycombe, Buckinghamshire).

RESULTS

In Table 1 the prevalence of autoantibodies in the thirty-two patients with myasthenia gravis
is compared with that in a healthy control group matched for age and sex.

TABLE 1. Autoantibodies in thirty-two patients with myasthenia gravis and thirty-two controls matched
for age and sex

Thyroglobulin Antinuclear
Thymus Thyroid factor Gastric

Antibody epithelial Muscle Pos. Pos. cytoplasmic parietal
cell < 1/40 3 1/40 + ++ cell

Myasthenia gravis 8 6 3 5 9 6 4 6
Matched controls Nil Nil 3 1 5 1 1 2

Six of the patients with myasthenia gravis had antibodies to skeletal and heart muscle
and epithelial cells of calf thymus. Two further patients showed reactivity with thymus
epithelial cells but not to muscle. The reactivity was retained at a serum dilution of 1:60
or greater. None of the healthy controls were positive for muscle or thymus. The patients
with myasthenia gravis were more likely to have antibodies to thyroid and gastric parietal
cells and antinuclear factor than the control group.

In Table 2 it can be seen that the antibodies to muscle and thymus are more likely to be
present in patients with severe disease but no such correlation exists with the remaining
antibodies studied. Of the six patients who showed concurrent reactivity to muscle and
thymus five had thymomas and the only other patient who had a thymoma associated with
myasthenia gravis consistently showed a strong reaction to thymus but not to muscle. Two
of the four patients with thymomas but no clinical evidence of myasthenia gravis showed
concurrent reactivity with muscle and thymus.

In Table 3 the prevalence of autoantibodies in the sera from the spouses and first degree
relatives of patients with myasthenia gravis is compared with that in healthy control subjects
matched for age and sex. It can be seen that none of the relatives or the healthy controls

G
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showed concurrent reactivity with muscle and thymus epithelial cells. The father of one of
the propositi showed reactivity with thymus at a serum dilution of 1: 60 but not with
muscle.

TABLE 2. Autoantibodies in thirty-two patients with myasthenia gravis in relation to clinical severity

Thyroglobulin
Clinical No. of Thymus Thyroid Antinuclear Gastric
grading* patients epithelial Muscle Pos. Pos. cytoplasmic factor parietal

cell < 1/40 3 1/40 cell

0 4 Nil Nil I Nil 1 1 Nil
I 6 Nil Nil 1 1 2 2 3
II 19 5 3 1 4 5 7 3
III 3 3 3 Nil Nil 1 Nil Nil

* 0, In remission; I, ocular myasthenia gravis; II, moderate generalized myasthenia gravis; III,
severe generalized myasthenia gravis.

The relatives of patients with myasthenia gravis were more likely to have antibodies to
thyroid and antinuclear factor than the matched controls but the differences were not
significant.

TABLE 3. Autoantibodies in the sera of relatives of patients with myasthenia gravis and healthy controls
matched for age and sex

Myasthenia gravis relatives Matched controls
Antibody

Neg. + + + Total Neg. + + + Total

Thymus* Spouses
First degree relatives
First degree relatives S

Muscle* Spouses
First degree relatives
First degree relatives o

Anti-nuclear* Spouses
factor First degree relatives

First degree relatives S
Thyroid Spouses

cytoplasmic First degree relatives
First degree relatives 3

Thyroglobulint Spouses
First degree relatives
First degree relatives S

Gastric parietal Spouses
cell First degree relatives

First degree relatives 3

20
46
37

20
47
39

18
42
34

14
34
32

12
31
29

19
44
37

2
3
2

6
4
7

10
4

3
2

20
47

1 39

20
47
39

20
2 47
3 39

5 20
7 47
3 39
1 20
6 47
6 39

20
47
39

20
47
39

20
47
39

19
44
38

19
42
36

16
39
34

20
46
39

20
47
39

20
47
39

1 20
2 1 47
1 39

1 20
3 2 47
2 1 39
4 20
8 47
5 39

20
1 47
- 39

Thyroid and gastric staining graded by intensity.
* Positive + titre, < 1/60; Positive + + titre,> 1/60.
t Positive + titre, < 1 /40; Positive + + titre,> 1/40.
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When the individual families were examined it was found that the difference could be

accounted for by the aggregation of most of the strongly positive thyroid antibodies and
antinuclear factor in a few families. This is illustrated in Fig. 1. It is of interest that both

FAMILY OF PATIENT 24 FAMILY OF PATIENT 60

TH + TH ++

- THI++ GPC+ GPC++

O XO Q xX
RA Myx Tx

TH+TH ++ ANF ++ Th jEp ++
o . ANeRF Mus0++

RA THYMOMA
MG

FAMILY OF PATIENT 13

Tx Tx

| TH ++ TH ++ I THI+ THI+ THI++ I
ANF O ANF + ANF + ANF 4+

DM Tx Tx Tx
MG

0 4 0 0
RA

0
TX

FIG. 1. Family trees of two patients with myasthenia gravis (24 and 13) and one patient with a
thymoma (60) to indicate the aggregation of autoantibodies in the relatives.

Code, Circles, male; squares, female; shaded, deceased.
TX, thyrotoxicosis; MG, myasthenia gravis; DM, diabetes mellitus; RA, rheumatoid arthri-

tis; Myx, myxoedema.
Antibodies: TH, thyroid, GPC, gastric parietal-cell; ANF, antinuclear factor; RF, rheuma-

toid factor; Th Ep, thymus epithelial cells; Mus, muscle.

organ specific autoantibodies and non-organ specific autoantibodies occurred in some
families.

There was no increase in the prevalence of rheumatoid factor, the latex test being positive
in only one patient with myasthenia gravis, four first degree relatives and one spouse. The
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results in the patients with other diseases are shown in Table 4. Only one patient, an 85-year-
old woman with pernicious anaemia and a strong family history of pernicious anaemia,
showed high-titre concurrent reactivity to muscle and thymus. Weak reactions to thymus
but not to muscle were found with some of the sera in each group.

TABLE 4. Autoantibodies to muscle and epithelial cells of calf thymus

Thymus epithelial cells Muscle

Pos. Pos. Pos. Pos.
Neg. < 1/60 > 1/60 Total Neg. < 1/60 > 1/60 Total

Thyrotoxicosis 48 2 Nil 50 50 Nil Nil 50
Pernicious anaemia 47 2 1 50 49 Nil 1 50
Rheumatoid arthritis 49 1 Nil 50 50 Nil Nil 50
Systemic lupus erythomatosus 20 Nil Nil 20 20 Nil Nil 20

DISCUSSION

The present study shows that antibodies to muscle and thymus are strongly correlated with
the severity of the myasthenia gravis and the presence of a thymoma. The antibodies were
also found in two out offour patients with a thymoma but no clinical evidence of myasthenia
gravis. These results confirm the findings of van der Geld & Strauss (1966). One patient had
antibodies in the serum 7 years after removal of a thymoma but had never shown clinical
signs of myasthenia gravis. Another patient in whom antibodies to thymus and muscle had
been found after removal of a thymoma subsequently developed myasthenia gravis without
any change in the titre of antibodies.
The clinical findings raise the possibility that the stimulus to antibody formation arises

in the cells in the thymus and that the antibodies so formed react with similar or identical
antigens present in muscle. If an autoimmune disturbance is of importance in the patho-
genesis of myasthenia gravis it might act on the thymus rather than on muscle or the motor
end plate, the characteristic muscular weakness being produced in some other way which
need not be immunological. Gordon, Hess & Frederick (1965) have discussed these possi-
bilities but were unable to demonstrate significant in vivo binding of y-globulin to muscle in
patients with myasthenia gravis and therefore concluded that the antibodies were probably
a secondary manifestation of the disease. On the other hand, examination of sera from a
wide variety of patients with disorders of muscle have failed to demonstrate concurrent
reactivity with muscle and thymus. It is of interest that in vivo binding of y-globulin to
thymus in patients with myasthenia gravis who did not have circulating antibodies to muscle
or thymus has been demonstrated by van der Geld & Oosterhuis (1966).
The experimental work of Marshall & White (1961) supports the possibility that an

autoimmune disturbance in myasthenia gravis might be initiated in the thymus. They
produced germinal follicles in the thymus in guinea-pigs resembling those frequently seen
in the thymus in patients with myasthenia gravis by injecting foreign antigen directly into
the gland. Since germinal centres are sometimes found in the thymus in patients with
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systemic lupus erythematosus, thyrotoxicosis and rheumatoid arthritis (Mackay & de Gail,
1963; Gunn, Michie & Irvine, 1964) and as enlargement of the thymus as determined by
pneumomediastinography may be a feature in patients with pernicious anaemia and thyroid
disease (Irvine & Sumerling, 1965; Irvine, Davies & Sumerling, 1965) we examined the sera
of patients with these putative autoimmune diseases for antibodies to muscle and thymus.
Only one patient-an elderly woman with pernicious anaemia-had antibodies to both
muscle and thymus and none of the healthy controls or the relatives of patients with myas-
thenia gravis showed such reactivity. This confirms the high degree of specificity of these
antibodies for patients with thymoma and myasthenia gravis and shows that similar genetic
or environmental factors do not result in the development of these antibodies in unaffected
relatives.
The findings of high-titre antibodies to muscle and thymus in a patient with pernicious

anaemia is of special interest. She did not show clinical features of myasthenia gravis and
conventional radiographs of her chest failed to demonstrate a thymoma. Four years
previously she had had a hemiplegia from a cerebral thrombosis with some residual muscle
wasting and weakness. Although van der Geld & Strauss (1966) and others have failed to
find antibodies to muscle other than in myasthenia gravis it is possible that patients with
certain diseases such as pernicious anaemia and myasthenia gravis are especially prone to
develop organ specific circulating autoantibodies as a consequence of tissue damage. We have
put this forward as one possible explanation for the finding that patients with gastritis
associated with pernicious anaemia and idiopathic iron deficiency anaemia are more liable
to develop gastric parietal cell antibodies than are patients with gastritis of similar severity
associated with other diseases (Wright et al., 1966).
The significance of the occasional reaction which we observed at low titre with thymus

epithelial cells without concurrent staining of muscle is uncertain but is probably due to lack
of sensitivity of the technique in our hands with the muscle preparation since van der Geld
& Strauss (1966) have found that absorption with skeletal and heart muscle abolishes
staining of the thymus and this is our own experience. Although the cells in the thymus
which show positive immunofluorescent staining with certain sera have been regarded as
epithelial cells by most workers, it seems more likely that they are striated muscle cells
which can be demonstrated in the thymus using conventional histological techniques
(Henry, 1966; Strauss, Kemp & Douglas, 1966) but this is a question that clearly requires
further investigation.

Antibodies to thyroid and gastric components and antinuclear factor occurred more
frequently in patients with myasthenia gravis than in a group of matched controls, but the
numbers were too small for statistical analysis. This is in agreement with the findings of
other workers (White & Marshall, 1962; van der Geld et al., 1963; Downes, Greenwood &
Wray, 1966). The prevalence of thyroid antibodies was greater in the relatives of patients
with myasthenia gravis than in matched controls and a slight increase in antinuclear factor
was also noted. It is of interest that these autoantibodies were not randomly scattered
amongst the relatives of the patients with myasthenia gravis, but were aggregated in a few
families.

Autoantibodies were found in a surprisingly large number of the spouses (Table 3). The
numbers were small and differences from controls were not statistically significant but this
finding emphasizes the need to include examination of spouses when undertaking family
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studies. A high prevalence of autoantibodies in spouses would suggest that environmental
as well as genetic factors are responsible for the aggregation of autoantibodies in certain
families. These findings are in keeping with clinical observations indicating that a number of
putative autoimmune diseases are occasionally associated with myasthenia gravis (Simpson,
1964; Reaves, 1965; Downes et al., 1966; Singer & Sahay, 1966) and confirm our clinical
observations that such diseases may also occur in their relatives (Kerr & Wright, in prepar-
ation).
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