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Experimental Autoimmune Myasthenia Gravis and CD5 B-lymphocyte

Expression

Myasthenia gravis is one of the typical organ specific autoimmune disease and
the CD5" B-lymphocytes are known to be associated with the secretion of
autoimmune antibodies. The authors performed the study to establish an animal
model of experimental autoimmune myasthenia gravis (EAMG) by immunizing
the nicotinic acetylcholine receptor (AChR) and to understand CD5* B-lympho-
cyte changes in peripheral blood of EAMGs. Lewis rats weighing 150-200 g
were injected subcutaneously three times with 50 ug AChR purified from the
electric organ of Torpedo marmorata and Freund's adjuvant. The EAMG induc-
tion was assessed by evaluating clinical manifestations. The CD5" B-lympho-
cyte was double stained using monoclonal PE conjugated anti-CD5" and FITC
conjugated anti-rat CD45R antibodies and calculated using a fluorescence-acti-
vated cell sorter (FACS). In three out of ten Lewis rats injected with purified
AChR, the EAMG models were established. The animals showed definite clini-
cal weakness responded to neostigmine; they had difficulty in climbing the
slope, or easily fell down from a vertical cage. The range of CD5" B-lympho-
cytes of peripheral blood in the EAMG models was 10.2%-17.5%, which was
higher than in controls. In conclusion, the EAMG models were successfully
established and the CD5" B-lymphocyte expression in peripheral blood
increased in EAMGs. This provided indirect evidence of the autoimmune patho-
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INTRODUCTION

Myasthenia gravis is one of the most organ-specific autoim-
mune neurological diseases. According to studies, it occurs
as the result of functional or structural impairment in neu-
romuscular transmission caused by attacks by autoimmune
antibodies on nicotinic acetylcholine receptors (AChR) (1,
2, 3). However it is not well understood what is the starting
point of autoimmune AChR antibody development in the
body and what is the exact mechanism of neurophysiologi-
cal transmission impairment by the antibodies in the neuro-
muscular junction (4, 5).

It has been hypothesized that autoimmune anti-AChR
antibody development may proceed in one of two ways:
either autoimmune anti-AChR antibody is continuously
produced as the result of loss of normal control due to pri-
mary defect in certain B-lymphocytes, or B-lymphocytes
capable of secrering anti-AChR antibody, which has been
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anergic since the initial stage of ontogenesis become active
because they are sensitized to autoantigens or cross-reactable
outside antigens (6).

Increases in both anti-AChR antibody titer and CD5" B-
lymphocyte expression in the peripheral blood of patients
with myasthenia gravis have been accepted as an indirect
evidence of the autoimmune pathogenetic mechanism of
myasthenia gravis (7); increased CD35" B-lymphocyte expres-
sion indicates that B-lymphocyte activation is able to pro-
duce anti-AChR antibody and such a phenomenon is also
found in typical autoimmune diseases including B-cell
leukemia, theumatoid arthritis, and Sjogren’s syndrome (8,
9.

The putpose of this study was to investigate changes in
the CD5" B-lymphocyte expression in peripheral blood of rats
with experimental autoimmune myasthenia gravis (EAMG).
We first tried to induce animal models of myasthenia gravis
by injecting purified AChR from electric organs of Torpeds
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maymorata into Lewis rats in which the clinical and electro-
physiological properties of myasthenia gravis were similar
to those seen in humans. Then the frequency of CD5" B-
lymphocyte expression in peripheral blood of these EAMG
rats was measured.

MATERIALS AND METHODS
Purification of nicotinic AChR

The purified nicotinic AChR used in this experiment had
been purified as follows. Ground electric organ of Torpeds
maymorata (Narke japonica) was dissolved in 1% Triton X-
100 20 mM phosphate buffer (100 mM Nacl, PH 7.4,
0.02% sodium azide, 0.1 mM PMSF). After centrifugation
at 100,000 g for 15 min the supernatant was applied to a
CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Swe-
den) affinity chromatography containing cobratoxin (0.2
mg/mL/resin) at 4°C, overnight (10). After washing the
Sepharose column at least four times with 1% Triton X-
100 phosphate buffer, AChR was eluted slowly for at least 2
hr with 1M calbacol and 1% Triton X-100 phosphate
buffer (PH 7.5) at 4°C. The eluted recepror was dialyzed
overnight against 500 mL of 0.02 M NaH:PO«#/NaHPOs«
(pH 7.4), 0.01 mM NaCl, 1% Triton X-100 and during
the following 24 hr the dialysis buffer was replaced three
times. Purified AChR was then condensed to the required
concentration.

Experimental animal model of myasthenia gravis

50ug of purified AChR mixed with Freund’s adjuvant
was injected subcutaneously into female Lewis rats aged 8-
12 weeks (body weight 150-200 g). Control rats wete the
same or similar in all respects, except that they received
only Freund’s adjuvant. The second injection wich the same
amount was done one week later. If there was no clinical
evidence of myasthenia gravis four weeks later, one more
injection was performed (6, 11, 12).

Muscle weakness in injected animals was regarded as evi-
dence of experimental autoimmune myasthenia gravis. Daily
body weight, any changes of activities, and response to
neostigmine were checked (13), and if there was no evi-
dence of muscle weakness, as indicated by changes in these
parameters, the duration of holding the horizontal bar was
measuted. When clinical featutes of EAMG were evident in
injected rats, these animals were sacrificed and the CD5" B-
lymphocytes expression in peripheral blood was measured.

Measurement of CD5* B-lymphocytes

Using Histopaque-1077 (Sigma, St Louis, MO, US.A.),
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monocytes wete separated from the venous blood of experi-
mental animals. 1 X 10° mononuclear blood cells were dis-
petsed in 200 mL volume and stained with antibodies labelled
by immunofluorescence. In every experimental procedures,
0.04% sodium azide (Sigma, St Louis, MO, US.A.), 5%
heat inactivated fetal calf serum and phosphate buffered
saline containing Ca>* and Mg”* were used to minimize the
risk of cell capping and infection by mycoplasma or viruses.

For grouping lymphocytes, double staining using PE con-
jugated anti-CD35 " (Serotec, Oxford, U.K.) and FITC conju-
gated anti-rat CD45R (Pharmingen, San Diago, Ca, U.S.A.)
monoclonal antibodies were used; these react specifically
with CD3" antigen and B-cells, respectively. After staining
and washing, the number and proportion of lymphocytes
reacting with PE conjugated anti-CD5" and FITC conju-
gated anti-rat CD45R, respectively, were calculated and
analyzed, using FACScan (Becton-Dickinson, San Jose, Ca,
U.S.A.) projected by air cooled argon razor. 530 ym and
575 um filters for PE and FITC were used and the results
were automatically recorded in the chare (7).

RESULTS

Induction of experimental autoimmune myasthenia
gravis (EAMG)

Myasthenia gravis developed in three out of ten Lewis
rats treated with AChR subcutaneously, but in the other
seven there was no evidence of myasthenia gravis undil 15
weeks after the first injection.

In one rat (No. 2), definite muscle weakness developed 5
weeks later, and in the other two rats (Nos. 3, 4), decreased
food intake, loss of body weight and slowness of movement
were noticed 6 weeks later. Clinical weakness in thee EAMGs
responded variably to neostigmine 0.1 mg. These rats were
easily pulled backward by the tail without resistance and
fell easily when holding a vertical bar of their cage (Fig. 1).

Proportions of CD5* B-lymphocyte expression in periph-
eral blood

The CD35" B-lymphocytes were measured in peripheral
blood samples of three established EAMGs (Nos. 2, 3, 4),
two rats which did not develop clinical weakness by the
injection of AChR (Nos 1, 5), and two control rats which
received only Freund’s adjuvant (Nos. 6, 7) (Table 1). In rats
with EAMG, the proportion of CD5" B-lymphocytes
among total lymphocytes increased; in rat number 2, this
was 17.5%; in number 3, 10.2%; and in number 4, 12.5%.

The CD35" B-lymphocyte proportions in rats without
muscle weakness (Nos. 1, 5) were 2.46% and 1.06%,
respectively. In control rats (Nos. 6, 7), the CDS" B-lym-
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Fig. 1. Clinical manifestations of experimental autoimmuine myasthenic gravis (EAMG). The experimental Lewis rat (No. 2), which was
injected three times with 50 ug AChR showed clinical weakness, low body weight and decreased activity and easily fell down from the
vertical cage (B). However, a control Lewis rat (No. 7) did not show clinical weakness and decreased activity (A).

Table 1. Experimental autoimmuine myasthenia gravis (EAMG) and CD5* expression

Time of sacrifice
after AChR
injection (weeks)

Amounts of
AChR injection

CDs* B-lymphocyte

Clinical weak
nicarweaness in peripheral blood(%)

Lewis rats

Experimental groups

1 50ugx38C None 15 2.46
2 50ugx3S8C 5th wk §] 175
3 504ugx3S8C 6th wk 7 10.2
4 50ugx3S8C 6th wk §] 125
5 50ugx3S8C None 7 1.06
Control groups
6 — None 6 0.0
7 — None 6 0.2

None; Clinical weakness did not develop after the injection of AChR 50 ug & Freund's adjuvant (Nos. 1, 5) or only Freund's adjuvant (Nos. 6, 7).
SC; Subcutaneously injected.
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Fig. 2. The CD5" B-lymphocyte expression in peripheral blood by fluorescence activated cell sorter (FACS). The frequency of CD5* B-
lymphocytes was 0.2% in normal control (No. 7) (A), and 17.5% in the EAMG rat (No. 2) which showed clinical manifestations similar to
those of human myasthenia gravis after three injections of 50 ug AChR (B).
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phocyte was not detected (0.0%, 0.29%).

DISCUSSION

Myasthenia gravis (MG) is one of the most common neu-
romuscular junction disorders and characterized by volun-
tary muscle weakness and fatigue. Its clinical features vary;
there may be mild symptoms such as ptosis and diplopia, or
more severe ones such as upper extremity weakness, dysarchria
and respiratory failure. Characteristically, the severity of
these features fluctuates; clinical symproms improve with
rest or sleep and are aggravated by the repetitive use of
involved muscles (5, 14).

Studies have shown that MG is caused by functional and
structural abnormalities of AChR resulting from an attack
by autoimmune AChR antibody to AChR on postsynaptic
membrane of neuromuscular junction. AChR arttacked by
autoimmune AChR antibody is unable to effectively trans-
mit the action potential of peripheral nerves to muscle fibers,
causing muscle weakness to develop (3, 5, 15).

Since most patients with MG have thymic abnormalities,
it was previously thought that the causes of MG were close-
ly associated with the autoimmune mechanism (16). In 1939
Blalock reported that muscle biopsy of patients wich MG
revealed severe lymphocyte infileration (17) and the phe-
nomenon of MG improved by thymectomy (17, 18, 19).
Moreover, many autoimmuine diseases, such as hypothy-
roidism, hyperthyroidism, rheumatism, and diabetes melli-
tus, tend to be more frequent in patients with MG, and this
also suggests that an autoimmune mechanism is involved in
the pathogenesis of MG (3, 20, 21, 22).

Induction of the EAMG animal models by the injection
of AChR or by passive transfer provided direct evidence
that autoimmune mechanism is involved in the develop-
ment of MG. It was reported that EAMG could be induced
in mammals, birds, and reptiles by injection of purified
AChRs from electric organ or human muscles with com-
plete Freund’s adjuvanc. In the early 1970s Patrick and
Lindscrom first reported that an animal model with clinical
features very similar to those found in human MG was induced
by injecting AChR extracted from the electric eel into rab-
bits (13). The rabbits showed initial weakness between 7
and 15 after AChR injection, which was remitted sponta-
neously after 2-3 days. The second episode of weakness
between 26 and 35 days and were slowly progressive. How-
ever they did not show typical features of symprom flucua-
tion as in human MG. In EAMG rabbit models, increased
circulating antibodies to eel AChR and response to neostig-
mine were demonstrated (12, 13).

In our experiment, muscle weakness was observed in
three out of ten Lewis rats. Clinical weakness was found in
4-6 weeks after the injection of AChR purified from Torpedo
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marmarata, but no fluctuation in muscle strength was noted
in all three (13). They had difficulty in climbing a slope,
easily fell from a vertical cage, which responded variably to
neostigmine. All three EAMGs also showed body weight
below average and poor eating (12, 13). The above features
meant that three EAMGs were induced definitely by the
AChR injection.

Passive transfer, another method of EAMG induction, has
been reported. The sera of patients wich MG is injected into
animals to cause the animal model of myasthenia gravis (23,
24). Drachman et al. reported that in 94% of patients with
MG induced characteristic signs of EAMG in the animals
involved (18). According to the report, the injection of puri-
fied IgGG was more efficient than the serum and the decreased
amplitude of miniature end plate potential (MEPP) was
characteristic.

Tzartos and Lindstrom demonstrated that anti-AChR
antibody was polyclonal and its binding sites wete different
(25). Most anti-AChR antibody bound to “major immuno-
genic region (MIR)” in the extracellular portion of the a-
subunit of AChR (27); only a small proportion bound to
other sites of this subunit (25, 26, 27). It has been shown
that only anti-AChR antibody binding to MIR plays a
major role in the pathogenesis of MG and is capable of
cross-linking and modulating AChR and the passive trans-
fer of EAMG.

CD5" is a surface marker of lymphocytes, and is abundant
on the surface of T lymphocytes (7, 8, 9). Lymphocytes
stained by anti-CD5" antibodies are, therefore, mostly T
lymphocytes and only a few B-lymphocytes are known to
react with anti-CD5" antibodies. CD5" B-lymphocytes are
reported to sectete autoimmune antibodies and are increased
in representative autoimmuine diseases such as B-cell
chronic lymphocytic leukemia and rheumatoid arthrids (8).
In humans, CD5" B-lymphocytes account for 2-3% of total
lymphocytes and 20-30% of B lymphocytes, while in Lewis
rats, the proportions vary.

In our study (Table 1), the number of CD5" B-lympho-
cytes were markedly higher in rats with clinical muscle
weakness (Nos. 2, 3, 4) than in either those injected with
AChR but without muscle weakness (Nos. 1, 5) or normal
controls (Nos. 6, 7). In rats injected with AChR but with-
out muscle weakness, CD5" B-lymphocytes were very low
(2.46% and 1.06%, respectively), and did not show any
increased number, compared with those in normal controls.

These findings ate consistent with the results by Ragheb
and Lisak who reported increased CDS" lymphocytes in the
peripheral blood of patients with MG (9) and suggest that
the CD35" B-lymphocyte would be associated with the secre-
tion of some autoimmune antibodies in EAMGs.

T as well as B lymphocytes are known to play a very impot-
tant role in the pathogenesis of MG. For example, in cul-
tures of lymphocytes from peripheral blood of patients with
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MG induced by AChR from electric eels lymphocyte prolif-
eration was observed and this phenomenon has been incer-
preted as an evidence supporting the previous sensitization
of these lymphocytes to AChR (21, 28). In addition, histo-
logic findings have indicated that in the thymus of patients
with MG, T-lymphocytes are decreased and B-lymphocytes
are markedly increased and these B-lymphocytes are located
mainly in the medulla of thymus (3). Interrelationships
between T and B lymphocytes are quite complex and all such
cells ate thought to be involved in both humoral and cellu-
lar mechanisms in MG (3). From the immunological stand-
point, MG could be caused by humoral immune reaction
provoked by abnormal T-cell regulation.

By injecting AChR extracted from electric eels into Lewis
rats, the authors of this report successfully induced EAMG
in a form similar to that of MG in humans; in these rats,
increased CD5" B-lymphocyte expression was observed.
These findings suggest that an autoimmune pathogenetic
mechanism is involved in human MG.

REFERENCES

1. Engel AG, Tsujihata MT, Lambert EH. Experimental autoimmuine
myasthenia gravis: a sequential and quantitative study of the neuro-
muscular junction ultra-structure and electrophysiologic correla-
tion. J Neuropathol Exp Neurol 1976; 35: 369-587.

2. Engel AG, Lambert EH, Howard FM Ir. Immune complexes (IgG
and C3) at the motor end-plate in myasthenia gravis. Mayo Clin
Proc 1977; 52: 267-80.

3. Drachman DB. Myasthenia gravis. N Engl J Med 1978; 298: 136-42.

4. Engel AG. Myasthenia gravis and myasthenic syndrome. Ann Neu-
rol 1980; 16: 519-34.

5. Penn AS, Rowland LP. Myasthenia gravis. In: Rowland LP, ed. Mer-
rit’s Textbook of Neurology. 8th ed. Philadelphia: Lea & Febiger,
1989: 697-704.

6. Lindstrom JM, Seybold ME, Lennon VA, Whittingham S, Duane
DD. Antibody to acetylcholine receptor in myasthenia gravis; preva-
lence, clinical correlates, and diagnostic value. Neurology (Min-
nenap) 1976; 26: 1054-9.

7. Lee KW, Inghirami G, Spatz 1., Knowles DM, Latov N. The B-cell
that express anti-MAG antibodies in neuropathy and non-malignant
IeM monoclonal gammopathy belong to the CD5 subpopulation. J
Neuroimmunol 1991; 31: 83-8.

8. Casali P, Burastero SE, Nakamura M, Inghirami G, Notkins AL.
Human lymphocytes making rheumatic factor and antibody to
ssDNA belong to Leu-1"B-cell subset. Science 1987; 236: 77-81.

9. Ragheb S, Lisak RP. The frequency of CD5 B-lymphocytes in the
peripheral blood of patients with myasthenia gravis. Neurology
1990; 40: 1120-4.

10. Lee CY. Chemistry and pharmacology of polypeptide toxins in
snake venoms. Annu Rev Pharmacol 1972; 12: 265-86.
11. Lennon VA, Lindstrom JM, Seybold ME. Experimental autoim-

79

muine myasthenia: A model of myasthenia gravis in rats and guinea
pigs. J Exp Med 1975; 141: 1365-75.

12. Lindstrom JM, Lennon VA. Experimental autoimmune myasthenia
gravis and myasthenia gravis; Biochemical and immunological
aspect. Ann N'Y Acad Sci 1976; 194: 254-74.

13. Patrick J, Lindstrom. Autoimmutine response to acetylcholine recep-
tor. Science 1973; 180: 871-2.

14. Lee KW, Lee NS, Kim B, Lee DS, Jung JK, Lee MC, Lee SB,
Myung HI. Correlation between acetylcholine receptor antibody
titer and clinical severity of myasthenia gravis. J Korean Neurol
Ass 1992; 10: 423-9.

15. Lambert EH, Lindstrom JM, Lennon VA. End-plate potentials in
experimental autoimmuine myasthenia gravis in rats. Ann NY Acad
Sci 1976; 274: 300-18.

16. Kao 1, Drachman DB. Thymic muscle cells bear acetylcholine
receptors: possible relation to myasthenia gravis. Science 1977;
195: 74-5.

17. Blalock A, Mason MF, Morgan HJ, Riven SS. Myasthenia gravis
and tumors of the thymic region: report of a case in which the tumor
was removed. Ann Surg 1939; 110: 544-61.

18. Drachman DB, Adams RN, Stanley EF, Pestronk A. Mechanism of
acetylcholine receptor loss in myasthenia gravis. J Neurol Neuro-
surg Psychia 1980; 34: 601-10.

19. Simson JA. An evaluation of thymectomy in myasthenia gravis.
Brain 1958; 81: 112-44.

20. Oostethuis HIGH, Hass WHD. Rheumatic disease in patients with
myasthenia gravis: an epidemiological and clinical investigation.
Acta Neurol Scand 1968; 44: 219-27.

21. Penn AS, Lovelace RE, Lange DJ, Toufexis G, Brockbank K.
Experimental myasthenia gravis in neonatally thymectomized rab-
bits. Neurology 1977; 27: 365.

22. Simpson JA. Myasthenia gravis: a new hypothesis. Scott Med J
1960; 5: 419-36.

23. Toyka KV, Drachman DB, Pestronk A, Kao 1. Myasthenia gravis:
passive transfer from man to mouse. Science 1975; 190: 397-9.

24. Toyka KV, Drachman DB, Griffin DE, Pestronk A, Winkelstein
JA, Fischbeck KA, Kao 1. Myasthenia gravis: study of humoral
immune medchanisms by passive transfer to mice. N Engl J Med
1977, 296: 125-31.

25. Tzartos SJ, Lindstrom J. Monoclonal antibodies used to probe
acetylcholine receptor structure: Localization of the main immuno-
genic region and detection of similarities between subunits. Proc
Natl Acad Sci USA 1980; 77: 755-60.

26. Eldefrawi ME, Eldefrawi AT, Shamoo AE. Molecular and func-
tional properties of the acetylcholine-receptor. Ann N Y Acad Sci
1975; 264: 183-202.

27. Kandel ER and Siegelbaum SA. The nicotinic acetylcholine recep-
for is an inirinsic membrane protein with five subunits. In: Schwartz
JH, Jessell TM, eds. Kandel ER, Principlies of Neural Science,
NewYork, Elsevier, 1991: 146-7.

28. Abramsky O, Aharonov A, Webb C, Fuchs S. Cellular immune
response fo acetylcholine receptor-rich fraction in patients with
myasthenia gravis. Clin Exp Immunol 1975; 19: 11-6.



