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Myasthenia gravIs IS a neuromus

cular disorder probably of immune 

origin which affects acetylcholine 

receptors at the neuromuscular 

junction.l,l Approximately one 

tenth of the patients with myasthe

nia gravis are found to have a 

thymoma.3 Diseases which are 

found to be associated with thy

moma and myasthenia gravis are 

pancytopenia (4%), red cell hypo

plasia (4%), and polymyositis (4%).3 

Cellular and humoral immunological 

abnormalities are common in my

asthenia gravis and in 87 per cent of 

the patients antiacetylcholine recep

tor antibodies were described. I Anti

thyroid, antinuclear, antilympho

cyte antibodies and antibodies to 

striated muscles that cross react 

with thymic epithelial cells which 

contain acetylcholine receptors 

have also been described in We report here immunological possible correlation between un
myasthenia gravis. l,l,4,S Of parti findings in a patient who developed balanced T lymphocyte subpopula
cular interest are patients who de myasthenia gravis three years after tions and lymphocytotoxic anti
velop myasthenia gravis after total thymectomy. An attempt wa:; bodies was also considered. 
thymectomy for removal of thymo made to determine whether altera
O1a. The onset of myasthenia gravis tions in the patient's T lympho "From the Department of Medicine "e", B. 

in these patients in the absence of cytes could be found and whether Gattegno Research Institute for Human 
Reproduction and Fetal Development, andthe thymus suggests that the role the patient's serum could affect 
Clinical Laboratory, Hasharon Hospital, Petah

of the thymus in the disease may be immunological reactions of autolo TIqva, Tel Aviv University Medical School, and 
indirect and initiated prior to gous as well as homologous T lym Department of Life Sciences, Bar lIan Universi
thymectomy.3 phocytes from healthy controls. A ty, Israel. 

SUMMARY A 43-year-old woman was hospitalised for evaluation of myasthe
nia gravis which developed three years after thymectomy for thymoma. After 
surgery the patient was completely asymptomatic for three years. On admission 
symptoms of myasthenia gravis confirmed by a significant increase in vital capa
city after Tensilon test, and antibodies against acetylcholine receptors were 
found. Immunological studies started at this time reVelled an increa.d propor
tion of T-active lymphocytes, a decreased proportion of theophylline-sensitive T
suppressor cells and a hyporeactivity of T-suppressor cells. T-Iymphocytotoxic 
and nonlymphocytotoxic IgG-rich fractions which differ by their IgG subclass 
distribution could be separated from the patient's serum. The Iymphocytotoxic 
fractions were inhibitory to E-rosette formation, to reactive bfastogenesis, to 
mitogen-stimulated proliferation and for the expression of theophylline sensitive 
receptors on suppressor T cells of normal human lymphocytes. Our data sup
port the suggestion that active subclass specific antilymphocytotoxic antibodies 
and alterations in the normal level and function of specific T lymphocytes may 
contribute to mainta'in the mechanism of autoimmune reactions in myasthenia 
gravis years after thymectomy. 
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CLINICAL DESCRIPTION 

A 43-year-old woman, mother of 
4 children, was admitted to the 
hospital for evalua tion of myasthe
nia gravis which developed after 
total thymectomy for thymoma 
three years previously. Her history 
dated since ten years ago when she 
was hospitalised (first admission) 
because of fever up to 39"C, general 
malaise, polyarthralgia, myalgia and 
severe weakness of proximal 
muscles of shoulders and limb 
girdles. Routine laboratory tests on 
admission were normal. Repeated 
tests for antinuclear antibodies and 
LE cells were negative. The sedi
mentation rate was 31 mm/h, 
SGOT was 51 U (normal 15-45 U), 
and the creatine phosphokinase 
(CPK) 16 U (normal 1-3 U). The 
urinary creatine excretion was ele
vated - 315 mg/24 h. Electromyo
graphy and ECG were normal. 
Structural changes and atrophic 
muscle fibres were found in a 
muscle biopsy. Acute polymyositis 
was diagnosed. Rapid improvement 
was obtained after corticosteroid 
treatment which was gradually dis
continued. The patient remained 
well for four years when she was 
hospitalised again (second admis
sion). At this time she was preg
nant and complained of pains in the 
shoulders and the upper back. Phy
sical examination revealed muscle 
tenderness in the shoulders and 
arms. Laboratory tests including 
SGOT. SGPT, CPK and urinary 
creatine were normal. The muscle 
pains subsided without treatment 
after a few days and pregnancy 
evolution and delivery were normal. 

The patient was asymptomatic 
for three more years when she was 
hospitalised for her third admission 
with myalgia, swelling of fingers 
and generalised muscle weakness. 
The face and eyelids were spared. 
The patient was unable by herself 
to rise from supine position. On 
admission her temperature was 
3rc and blood pressure 170/SO 
torr. The thyroid gland was not 
palpable. A marked weakness and 

severe pain of the posterior cervical, 
and of the shoulder and limb girdle 
muscles were found. No weakness 
of ocular muscles and no drooping 
of eyelids could be observed. A 
Tensilon test was negative at this 
time. Normal values were obtained 
for total leukocyte and differential 
count, serum urea and creatinine. 
The sedimentation rate was 43 mm/ 
h. Elevated values of SGOT - 69 U, 
SGPT - 63 U, CPK - 6.3 U, and 
urinary creatine - 500 mg/24 h, 
were found. The patient was treat
ed with steroids without any im
provement. Chest radiography and 
tomography revealed a lobular mass 
with radiologic evidence of small 
calcification in the anterior medias
tinum. The patient was operated 
upon and an encapsulated tumour 
measuring 4x4xS cm adherent to 
the pericardium was found. Micro
scopically, the tumour was a 
thymoma which consisted of lym
phocytes and epithelial cells and a 
few Hassal's corpuscles. The 
tumour cells were found in lobules 
separated by connective tissue 
septa. 

The patient's condition improv
ed dramatically after the operation 
and for three years she was asymp
tomatic till she was again hospita
lised (fourth admission) with a his
tory of two weeks 0 f low grade 
fever and generalised muscle weak
ness including the eyelids. Nasal 
voice and dysphagia appeared at the 
same time. The patient was not 
able to sit up in bed by herself or to 
raise her arms. An ECG showed in
verted T waves in the precordial 
leads. A chest radiograph was nor
mal. A Tensilon test found the vital 
capacity increased from 2,000 to 
2,900 ml. Laboratory values includ
ing total and differential leukocyte 
count, blood sugar, urea, uric acid, 
creatinine, serum proteins, immu
noglobulins, complement compo
nents C3, C4 were within normal 
ranges. Rheumatoid factor was ne
gative. SGOT and SGPT were 
normal. The erythrocyte sed i
mentation rate was 60 mm/h. Ele
vated values for CPK - 7.5 U 
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(normal 1-3 U) and aldolase - 70 U s 
(normal 25 U) wer.e found. Urinary C 

creatine was elevated (350 mg/ s 
24 h). The serum antibody titre j 

against striated muscles was 1: 12S0 t 
and negative for antinuclear anti- C 

bodies. The antibody concentra t 
tion against acetylcholine receptors 
in the patient's serum was l7.S 
pmole alpha bungalotoxin /ml 
(normal 4.6). The diagnosis of 
myasthenia gravis was made accord
ingly. 

Administration of prednisone 60 ' 
mg and pyridostigmine bromide 
(Mestinon®) ISO mg daily was 
started. The Mestinon dose was 
gradually increased to 300 mg/day 
while that of steroids was simulta
neously reduced. 

On follow-up the patient was 
found to be in good condition for 
the last four years. She is receiving 
prednisone 20 mg on alternate days 
and pyridostigrnine bromide 60 
mg/day. 

IMMUNOLOGICAL TESTS 

On the patient's last admission 
and before any treatment was start
ed, her immune competence was 
evaluated. For some tests blood 
was obtained at three different 
times in the course of 10 days. 
Blood mononuclear cells were 
isolated from heparinised blood by 
the standard Ficoll-Hypaque techni
que. 6 Serum was stored frozen at 
~~C. ~ ~ 

CeUular immunity. Band T 
cell quantitation was performed by 
the standard immunoglobulin and 
E-rosette techniques 7 respectively. 
Active E-rosettes which were re
ported to be a subset of T cells 
actively involved in cellular immu
nityS-1O were tested according to 
the method of Wybran and Fuden
berg.lO T suppressor cells were 
evaluated in two ways: by treat
ment with theophylline, which was 
reported to change the E-rosetting 
capacity of normal lymphocytes ~' '11 

and to divide T cells into helper and 
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suppressor cells, 11, U and by con
canavalin A (con A) activation of T 
suppressor cells. 13 The pa tien t's con 
A activated T suppressor cell func
tion was tested on homologous T 
cell targets stimulated by phyto
haemagglutinin (PHA, Wellcome) 
and con A (Miles, Veda). The un
suppressed proliferative response to 
mitogens, PHA, con A, pokeweed 
(POK - Grand Island) was tested 
by standard techniques. 14 

, IS To 
establish a possible imm une reacti
vity of the patient's lymphocytes to 
autochtonous cells, lymphocyte 
reactive blastogenesis was tested. 16 

Effect of the patient's serum 
and IgG-rich serum fraction on 
lymphocytes. Serum fractionation 
was performed by gel ftltration on a 
Sephadex G 100 column. 17 The 
protein content, the immunoglobu
lin distribution of the effluents and 
the electrophoretic mobilities of 
the IgG-rich fractions were deter
mined by standard methods. IS ,19 

Titration of IgG subclasses (lgG I , 

IgG2 , IgG 3 ) was performed with 
subclass specific IgG heavy chain 
antiserum 20 (The Central Laborato
ry of the Netherlands Red Cross 
Blood Transfusion Service). For 
further characterisation of the IgG 
-rich column eluted fractions, 
isoelectric focusing on polyacryla
mide gel (Ampholine PAG plates 
LKB, pH 3.5-9.5) was performed. 21 

To test by trypan blue dye ex
clusion the cytotoxic or noncytoto
xic effect of the patient's whole or 

J absorbed serum,22 or IgG rich 
serum fraction on homologous 
healthy lymphocytes, 0 .5 ml fluid 
were incubated on 8x I 06 cells for 
I hour at 3TC. For some experi
ments T and Blymphocytes separat
ed by E-rosetting were used. The 
same incubation procedure was used 
for the detection of specific IgG or 
IgM antilymphocytic antibodies with 
immunofluorescent techniques as 
well as for E-rosette inhibition 
tests. To test the effect of the pa
tient's serum on mitogen stimulated 

1. 	 lymphocyte cultures. 20% serum 
was present in each culture . 

active 	 lymphocytes were elevatedRESULTS 
(Table I). On repeated examina

The percentage of the patient's tions no theophylline sensitive T 
B and total T lymphocytes was suppressor lymphocytes could be 
normal (Table I). The patient's T detected. The patient's con A 

Table 1 Evaluation of the patient's inununocompetence 

Lymphocyte B-lymphocytes T -lymphocytes 
source 

EAC Surface immunogiobulin,% Rosettes, % 
rosettes IgG IgM 19A E E active 

Patient* 24 ± 3 6 ± 0.5 8 ± 0.6 2 ± 0.2 66 ± 6 33 ± 1 

Controls** 21 ± 3 7 ± 0.4 8 ± 0.2 2 ± 0.1 61 ± 6 18 ± 2 

EAC rosettes: Erythrocyte-antibody-complement rosette method 
Surface immunoglobulins: Immunofluorescent technique 

*Mean values ± SO for 3 examinations 
**Mean values ± SO for 8 healthy controls 

Table 2 Evaluation of T suppressor lymphocytes: effect of serum 

Lymphocyte Theophylline-sensitive T suppressor T suppressor 

source lymphocytes, % function on mitogen 
stimulated 

lymphocytes 
(% of Suppress

sion)** 

Un- Whole· Fractions* PHA Con A 

treated serum 8 9 lO 

Patient+ 5 2 (25) 3 (18) 4 (22) 15 (25) 7 12 


Controls# 42 10(40) 12 (35) 14 (41) 35 (42) 68 77 


* Before addition of theophylline (5x 1 O·~) and E rosette test 1 h incubation with sera or serum 
fractions. In brackets results for control serum or control serum fractions with equivalent pro
tein and IgG concentrations. 

Values in the presence of suppressor cells x 100
* * % 0 f su P press io n = 1 - :-:-;;-'-'--:-.----,--'--;-----;:--'-'---"7,""

Values U1 the absence of suppressor cells 
t Mean values for 3 examinations; SO <10% 

#Mean values from 4 healthy donors: SO <10% 

Table 3 	 Effect of the patient'S serum on mitogen stimulated lymphocytes (PHA, 
POK) and on reactive blastogenesis (RB) 

Lymphocyte 
source 

Serum source 
(Incorporation of 3H thymidine, 103 cpm) 

Patient Controls 

PHA* POK RB** PHA POK RB 

Patient + 116.7 9.6 2.1 127.3 10.2 2.2 

Controls# 28.6 ± 16.2 10.9 ± l.6 0.8 ± 0.1 61.7 ± 14.1 1l.4 ± 2.4 2.6 ± 0.5 

* 5 J.I.g/ml PHA or POl(, 20% serum 4 days in culture 
** For RB 3 hours incubation with 20% serum and 2 /lCu 3H. 
+ Mean values of triplicates; SO <10% 
# Mean values ±SO for 3 healthy donors. 

1
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activated suppressor cel1s were The patient's serum was highly 
hyporeactive to PHA and con A cytotoxic to normal T lymphocytes 
stimulated T cells (7% and 12% sup (Table 4) and an inhibitory effect 
pression versus 68% and 77% in on E-rosette formation (Table 4), 
controls, Table 2). The unsuppress on theophylline sensitive T suppres
ed patient's lymphocytes had a sor cells (Table 2), on lymphocyte 
normal response to PHA and POK proliferative response and on reac
mitogen, and their reaction was tive blastogenesis (Table 3) was 
normal for reactive blastogenesis in observed. Absorption of the pa
autologous and in homologous tient's serum on normal lympho
serum (Table 3). cytes reduced these effects signifi-

Table 4 	 Effect of the patient's serum and IgG rich serum fractions on controllympho
cytes 

Serum or 
fraction 

Cytotoxicity assay 
(%)* 

Immunofluorescence 
(%).. 

E- rosettes 
(%) 

Unseparated 
lymphocytes 

T B T cells 
Anti-IgG Anti-IgM 

Serum t 
Unabsorbed 46(4) 61 (11) 7 (9) 64 (3) 3 (2) 4 (60) 

Absorbed 17 (7) ND ND ND ND 45 (61) 

[gG-rich eluted 

serum fraction t 

Tube No. 8 ND 37 (9) 10 (6) 55 (5) 2 (3) 21 (48) 

9 ND 31(11) 8 (9) 52 (3) 4 (2) 13 (58) 

10 ND 10(11) 11 (10) 12 (4) 3 (4) 55 (50) 

'" % of trypan blue stained cells 
U % of immunofluorescent stained cells 
t Mean values for lymphocytes from 3 healthy donors; SO < 15%. For comparison, in brackets 

mean values for control serum or eluted fractions with equivalent protein and IgG concentra· 
tion. 

Table 5 	 Effect of the patient's IgG-rich serum fractions on mitogen stimulated control 
lymphocytes 

Tube No. Protein IgG Incorporation of 3H thymidine 
(103 cpm)* 

PHA POK 

8 4.9 2.4 2.2 7.6 
0.5** 0.24 (0.22)*** 8.2 (62.6) 8.2 (10.7)t 

9 4.1 1.9 2.1 8.3 

0.5 0.23 (0.21) 10.2 (88.2) 7.2 (7.6) 

10 3.6 2.0 73.5 8.2 

0.5 0.26 (0.28) 69.2 (71.8) 8.4(8.1) 

'" Mean values of lymphocyte cultures from 3 healthy donors; SO <20% 
** Eluted fraction adjusted in PBS to 0.5 mg/ml protein

"'** In brackets IgG concentrations of equivalent fractions of control serum. IgM and IgA (test and 
control) in original elutes from 40·60 J.lg and 20-40 J.lg/ml, respectively. 

t Cultures incubated with control serum fractions. 

ZAHAVI. 

cantly (Table 4). 
Immunofluorescent studies 

revealed that the antilymphocytic 
antibody in the patient's serum. is 
belonging to the IgG class. Two 
out of three IgG-rich serum frac
tions (8 and 9) had similar cytoto
xic effects, like the patient's serum, 
on normal 'lymphocytes (Tables 4 
and 5). The noncytotoxic fraction 
10 had no such effects on T cell 

8 

9 

10 

Fig. 1 Immunoelectrophoretic behaviour 
of column eluted serum fractions 8, 9, 
10 (2.5 mg/rnl protein) 
S =sample 
AS = goat antihuman IgG heavy chain 
antiserum 

8 9 10 

5 

Fig. 2 Isoelectric spectra of column elut· 
ed serum fractions 8, 9, 10. (2.5 mg/ml *. 't1 

protein). PI =isoelectric pH. 
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Table 6 IgG subclass distribution of the patient"s IgG rich eluted serum fractions 

Tube No. 

8* 1/2 1/16 1/4 1/8 
9 1/16 1/2 1/8 

10 1/2 1/8 

*Samples adjusted to 2.5 mg/ml protein. Results expressed as the lowest dilution at which a preci
pitin line was observed. 

specific reactions (Table 4 and 5). 

"" 


~ 

~ ~ mechanism. It is established that 
antiacetylcholine receptor an tibo
dies of IgG class can bind to acetyl
choline receptors in about 80 per 
cent of patients with myasthenia 
gravis. However, additional factors 
produced by the thymus may in
teract with the antiacetylcholine re
ceptor antibodies in damaging the 
acetylcholine receptors.24 Abnor
malities are found in the thymus 
in about 80 per cent of the patients 
with myasthenia gravis, 65 per cent 
of whom have thymic hyperplasia 

{f and about 10 per cent epithelial or 
lymphomatous thymoma. The fact 

Similar to normal serum, fraction 
I0 rendered the patient's lympho
cytes able to express theophylline 
sensitive receptors on T suppressor 
lymphocytes (Table 2). The cyto
toxic and noncytotoxic IgG-rich 
serum fractions differ by their elec
trophoretic mobilities (Fig. I), 
isoelectric spectra (Fig. 2), and IgG 
subclass distribution (Table 4). 
Faster electrophoretic mobilities 
dJ,le probably to a higher concentra
tion of IgG223 could be observed in 
the cytotoxic fractions 8 and 9 
(Fig. I and Table 6). Lack of IgG3 

. could be 0 bserved by isoelectric 
focusing (pH range for IgG3 
8.2-921 ) and with specific antisera, 
for the noncytotoxic fraction 10 
(Fig. 2 and Table 6). 

DISCUSSION 

The immunopathogenesis of 
myasthenia gravis has possibly two 
mechanisms: the first, well proved , 
is the humoral antiacetylcholine re
ceptor antibody mechanism and the 
second, the cell mediated immune 

that 60-80 per cent of the patients 
with myasthenia gravis show partial 
or complete remission after 
thymectomy suggests the important 
role of the thymus in this disease.24 

The onset of myasthenia gravis 
in the absence of the thymus raises 
the question as to whether the al
terations in certain of the patient's 
T cells may be in some way cor
related to the patient's thymus 
prior to thymectomy and whether 
lymphocytotoxic antibodies found 
in the patient's serum may be asso
ciated with specific T cell subsets. 

A correlation between unbalanc
ed lymphocyte populations and dis
tinct types of antibodies were 
found in autoimmune conditions 
including myasthenia gravis.2s-28 In 
the present case the subset of T 
active lymphocytes was found to be 
increased as compared to control 
lymphocytes. Different humoral 
thymic factors have been shown to 
influence different T cell subpo
pulations.29 Thymosin was found to 
induce the appearance of T lymph
ocyte surface markers on T active 
lymphocytes and to raise the per
centage of T active E-rosettes. 8 ,30-32 
Since the life span of some thymus 
derived lymphocytes is very long, 
probably several years,3 it may be 
suggested that an increased output 
of thymic hormones, prior to the 
removal of the thymoma, may have 
changed surface properties on the 
patient's T active lymphocytes. 
Such changes may subsequently 
contribu te to an increase in the 
density and/or affinity of surface 
receptors for sheep red blood cells 
on thes.e lymphocytes. 

A decreased level of specific T 
suppressor cells and a functional 

disorder of T suppressor cells could 
be also demonstrated on the pa
tien t's lymphocytes. A correlation 
between the patient's IgG - rich 
lymphocytotoxic serum fractions 
and specific suppressor T lympho
cytes could be observed. The 
lymphocytotoxic IgG-rich fractions 
8 and 9 eluted from the patient's 
serum were inhibitory to theophyl
line sensitive T suppressor cells. In 
contrast to this, incubation with 
the noncytotoxic IgG-rich fraction 
10, similar to control serum, ren
dered the patient's and homologous 
lymphocytes sensitive to theophyl
line. As fraction 10 differs from 
serum fractions 8 and 9 in IgG sub
class distribu tion, the results sug
gest that an IgG subclass specific 
lymphocytotoxic antibody is bind
ing to specific T suppressor lym
phocytes. 

An increased sensitivity of T sup
pressor lymphocytes to Iymphocy
totoxic antibodies was observed in 
some autoimmune conditions, in
cluding' myasthenia gravis.s,33 An 
IgG antibody directed toward 
theophylline sensitive T suppressor 
lymphocytes was found in child
hood myasthenia gravis.26 No IgG 
subclass correlated antibody to T 
suppressor lymphocytes was, to our 
knowledge, reported in myasthenia 
gravis. The demonstration of cellu
lar and humoral immunoregulation 
abnormalities and its correlation in a 
patien t with myasthenia gravis 
three years after thymectomy may 
be of interest and suggests the pos
sible long acting influence of the 
thymus in the pathogenesis and 
maintenance of the disease. 
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