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Abstract

Background: Recently, increased incidence of
autoimmune disorders, one of which is myasthenia gravis.
The myasthenia is revealed at 3-30 patients out of 100
000 in a year. As it is considered by the most of specialists
the central chain in myasthenia development is the
formation of antibodies to the nicotinic acetylcholine
receptors (nAChR), leading to the blockage of muscle fiber
contraction and to the muscle dystrophy. Along with this,
there is an assumption of the role of cytotoxic factors in
the development of myasthenia gravis. The aim of the
present article is to proof working hypothesis about
specific role of cytotoxic factors in the formation of
various clinical variants of myasthenia gravis.

Method: Patients were divided according to the clinical
phenotype of myasthenia gravis: myasthenia without
thymus lesion (M), myasthenia with thymus hyperplasia
(MH) and myasthenia with thymoma (MT). We used
methods of light microscopy to determine the serum
cytotoxicity using a cell bioindicator Dunaliella viridis. The
determination of antibodies to nicotinic acetylcholine
receptors (nAChR), thyroperoxidase (TPO) and antibodies
to lungs, liver tissues and elastin was performed by ELISA.
And fluorescence microscopy used for determination of
expression of clusters differentiation of CD3+, CD4+,
CD8+, CD16+, CD19+, CD45+.

Results: The patients with different clinical phenotypes of
myasthenia: myasthenia without thymus lesions (M),
myasthenia with thymus hyperplasia (MH), and
myasthenia with thymoma (MT), have been investigated.
It was discovered that the amount of autoantibodies to
the α1 and α7 acetylcholine receptor was different among
patients with different clinical types of myasthenia.
Drastic differences between forms of myasthenia were
also identified using a blood serum thyroperoxidase
activity. Additionally, we found that all clinical forms of
myasthenia could be characterized by the differences in
the amounts of IL4 and IL8, compositions of lymphocyte

subpopulations, as well as patterns of autoantibodies to
the lung tissue, liver, heart, and DNA. Test culture D. viridis
responded differently to the cytotoxic components of the
blood serum in different clinical types of myasthenia. Our
results suggest that endogenous factors play a primary
role in forming of clinical types of myasthenia.
Conclusions: 1) development of myasthenia gravis occurs
on the background of cytotoxic factors formed in the
organism; 2) endogenous cytotoxic factors have non-
specific effects on the various functional systems of the
organism, even the plant objects; 3) the organism of
patients with myasthenia gravis produce various cytotoxic
factors, which influence on different systems of the
organism and can lead to the formation of a variety of
clinical phenotypes.
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Myasthenia gravis; Cytotoxic factors; Bioindication

Introduction
From 5% to 8% of people suffer from autoimmune

pathologies. Untill now there are nearly 80 clinic variants of
autoimmune pathologies. The number of autoimmune
pathologies increases steadily and the reasons for such
increase are not clear [1,2].

The most of autoimmune pathologies is characterized by:

1. High heterogeneity of clinical features [3]; 2. Pathologies
arise slowly and lead to adaptive changes of many functional
systems and to formation of chronic forms of myasthenia, and
it is rather difficult to acquire the remission [4,5]; 3. Most
commonly the autoimmune pathologies have the systemic
nature; 4. There could be a lot of trigger factors, and their
combination increases the degree of autoimmune pathologies
heterogeneity and complicates their diagnosis [6,7]. All these
features are indicative for such autoimmune neuromuscular
pathology as myasthenia.
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The myasthenia is revealed at 3-30 patients out of 100 000
in a year [1]. This disease is manifested at the age of 20-40
and/or 60-70 years and often at women of reproductive age
[8]. Reasons of age-related occurrence of myasthenia have no
explanation till now [9,10].

As it is considered by the most of specialists the central
chain in myasthenia development is the formation of
antibodies to the nicotinic acetylcholine receptors (nAChR)
[11-13], leading to the blockage of muscle fiber contraction
and to the muscle dystrophy [14,15]. Often the myasthenia is
accompanied by some structure-functional changes of thymus
(hyperplasia and thymoma) [16-18]. There is pathology of
thyroid and parathyroid glands connected with formation of
autoantibodies to thyroperoxidase TPO in such patients
[19,20]. Consequently, the myasthenia processes in
combination with the derangements in a lot of functional
systems and so is realized in expressed clinic heterogeneity
[21,22].

Marked clinical heterogeneity of the disease is accompanied
by a high incidence of violations of vital functions [23]. There
are many various embodiments of myasthenia classification,
which is based primarily on clinical signs.

1. By nature of myasthenic process: myasthenic episodes,
myasthenic state, progressive myasthenia, myasthenia gravis.

2. According to the degree of generalization of movement
disorders distinguished: local and generalized forms. Among
the local forms of myasthenia are separated: ocular,
pharyngeal, facial, musculoskeletal forms. To generalized forms
of MH they attribute myasthenia gravis without myasthenic
crises, myasthenia gravis with myasthenic crisis.

3. According to the severity of movement disorders graded
as mild, moderate, severe.

4. According to the degree of motor functions recovery in
response to anticholinesterase drugs: full recovery, partial
recovery, no recovery.

5. In relation to the thymus: derived from the thymus
(hyperplasia normoplasia, thymus atrophy); derived from
thymoma (epithelial, lymphoid, and lymphoepithelial
thymoma).

The main and commonly accepted approaches in
myasthenia therapy are the usage of the anti-acetylcholine-
esterase drugs, non-specific immunosupressors,
plasmapheresis and thymectomy [14,24,25]. Unfortunately,
these approaches are used without regarding clinic types of
myasthenia, and following remission is transient and patients
state declines again [26].

One may assume that such high clinical and phenotypical
heterogeneity is due to such factors as: 1) genetic
polymorphism [27]; 2) diversity of trigger factors and their
combination [28,29]; 3) formation of cyclic self-maintained
processes i.e. manifestation of metabolic memory [22].

As a consequence, at the certain level of hyperactivation of
autoimmune processes a wide range of cytotoxic factors is

produced with the formation of specific immune-biochemical
patterns and one or another clinic form can be manifested
depending on their particularities.

Such view at myasthenia allows hypothesizing the role of
cytotoxic components forming due to the hyperactivity of
immune system and resulting in the induction of catabolism in
tissues.

The core of the network myasthenia model is that the
content of cytotoxic factors (catabolism products) increases in
avalanche-like way according to the proteasome system
activation and changes of immune responses to the different
triggers factors. In its turn they participate in the formation of
specific myasthenic immunological, hormonal and biochemical
patterns. The wide range of variants of such metabolic
patterns may be generated due to the cytotoxic factors
[30,31].

For the classification the cytotoxic factors can be combined
in groups.

The aim of the present article is the proof of this working
hypothesis. The patients with myasthenia were divided by
three clinic phenotypes: myasthenia without thymus lesion
(M), myasthenia with thymus hyperplasia (MH) and
myasthenia with thymoma (MT).

We determined the presence of cytotoxic factors by cell
immobilization reactions, changes in cell shape and formation
of cell aggregates in a test culture of Dunaliella viridis, and also
relation of cytotoxicity to the content of the autoantibodies to
various components of tissue, proinflammatory interleukins in
some lymphocyte subpopulations.

Materials and Methods

Materials of investigation
495 patients with myasthenia and morphological and

functional changes in the thymus - hyperplasia and thymoma
have been observed. The first group consisted of 134 patients
with myasthenia without morphological and functional
changes in the thymus (M); the second group consisted of
patients with myasthenia with thymus hyperplasia (MH) - 244
patients; the third group - 117 patients with myasthenia and
thymoma (MT) (Table 1).

The study involved 495 patients with myasthenia of varying
severity and localization of process (synaptic disorder of
skeletal bulbar muscle, chewing and breathing muscles), with
disease duration from 6 months to 2 years. In the treatment of
myasthenia was used standard protocol, comprising:
anticholinesterase therapy, steroid hormones, cytostatics,
plasmapheresis, thymectomy and thymomectomy. Efficacy of
treatment, which was judged by the duration of remission,
was from 35% to 76%, in different groups of patients. Surgical
treatment was the most effective treatment among patients
with lymphoepithelial thymoma. The death of 3% of patients
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was observed due to myasthenic and cholinergic crisis in the
early postoperative period.

Table 1 Distribution of patients by gender, age and clinical
phenotypes of myasthenia.

Group of
patients The clinical phenotype of myasthenia

 М (Myasthenia
without thymus
lesion)

МH (Myasthenia
with thymus
hyperplasia)

МТ
(Myasthenia
with thymoma)

Number of male
patients 114 65 76

Age, years 32-57 17-45 45-70

Number of
female patients 62 145 33

Age, years 27-35 24-57 56-69

In the group of patients with M generalized forms of
myasthenia with mild, moderate and severe violations of
bulbar, pharyngeal and respiratory muscles were observed. In
the groups of patients with MH and MT was observed muscle
damage zones with electromyography confirmation. In groups
with different types of morphological and functional changes
in thymus there were patients with varying degrees of severity
of the neuro-transmitter lesions. Progressive muscular
dystrophy was observed in 24% of patients with MH. In
patients with MT were observed mainly mild myasthenic
disorders, but in the postoperative period they were observed
myasthenic and cholinergic crises.

Patients with generalized myasthenia obtained
anticholinesterase drugs in an amount corresponding to the
severity of the neurotransmitter disorders - kalimin of 1 to 5
tablets per day, some patients received the drug neostigmine
methylsulfate and steroid hormones (drugs were selected
individually, gradually reducing the dose of 100 mg to 5 mg).

With the development of myasthenic crises among patients
receiving mechanical ventilation in the intensive care unit,
steroids administered intravenously from 50 to 100 mg,
according to individual indications. Throughout observations
including postoperative period, the cholinesterase activity was
monitored in serum of patients for selection
anticholinesterase drugs to prevent cholinergic crisis.

Determination of cell motility, cell shape and
formation of cell aggregates with test cells D.
viridis

Investigation of the cytotoxicity of the serum was
performed using the cell-test based on D. viridis Teodor. The
synchronized culture of unicellular algae was applied; the
characteristic feature of these algae is the lack of a cell wall. In
immunoassay plate was added serum and test system in equal
volumes. After incubation for 30 minutes by microscopy the
cytotoxic effect of sample components on the cells of D. viridis
in test system was evaluated. We registered such cell
responses: morphological (cell shape) and functional changes

(loss of motility, loss of flagella, aggregate formation). After
incubation, the cell suspension of investigated serum with D.
viridis we calculated the number of abnormal cells: rounded,
motionless and aggregated cells and calculated their
percentage in comparison with the control [32].

For the control test the ratio of the spontaneous cytotoxicity
(CSP) was calculated by the formula (I):��� = М�+ ��+ А�3 ..........(I)

Where, the MC - the percentage of cells with a modified
form of the control; FC - the percentage of cells with altered
functional properties in control; AC - percentage of aggregated
cells in the control.

In formula (II) induced cytotoxicity coefficient calculated for
each serum obtained from patients with various pathological
conditions:�� = М�+ ��+ А�3 − ��� ⋅ 1���……….(II)

Where, MI - the percentage of cells with a modified form
after incubation with certain pathologic serum; FI - the
percentage of cells with altered functional properties after
incubation with certain pathologic serum; AI - percentage of
aggregated cells after incubation with certain pathologic
serum; CSP - the coefficient of spontaneous cytotoxicity
control.

The determination of antibodies to nicotinic
acetylcholine receptors (nAChR)

To determine the presence of antibodies to the α1-subunit
muscular nAChR α7-subunit neuronal nAChR, the test system
of immunoassay on the solid support was used. The resulting
complex "antigen-antibody" was detected by a conjugate,
which catalyzes the cleavage of peroxidase substrate
(hydrogen peroxide), causing a color change of indicator.
Optical density measurements were performed at 450 nm on
ELISA analyzer Stat Fax 3200 (USA) [33].

The determination of antibodies to
thyroperoxidase (TPO) in serum

TPO antibodies in the serum were determined using
immunoassay on solid support. Measurement of the optical
density of the complex "antibody-antigen" was performed at
450 nm on ELISA analyzer Stat Fax 3200 (USA) [20].

Method of determination of the concentration
of antibodies to lungs, liver tissues and elastin

Organ-specific antibodies (OSA) to the tissues of the lungs,
heart and liver, anti-elastin were determined using enzyme
immunoassay system ("Navina", Russia). The principle of the
method is the interaction of tissue specific antigen, adsorbed
on the plate, with the antibodies to them, contained in serum.
The resulting complex "antigen-antibody" is detected by a
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conjugate, which catalyzes the cleavage of peroxidase
substrate (hydrogen peroxide), causing a color change of
indicator. The intensity of color is in direct ratio to the amount
of antibodies to antigens investigated. The intensity of the
components in the patient’s serum binding with specific
antigens was calculated relative to control serum binding
reaction taking the level of optical density of control serum
responses to each of the antigens as 100% [34].

Expression of clusters of differentiation of CD3+, CD4+,
CD8+, CD16+, CD19+, CD45+ was assessed by indirect
immunofluorescence using monoclonal antibodies (LRS
"Sorbent", Russia) labeled with FITC - fluorescent dye. When
this method is setting up the specific monoclonal antibodies
labeled with FITC (not directly but through the secondary
serum) associate with a corresponding cell surface antigen.
The cells stained by corresponding antibodies were visualized
by fluorescent microscope. Character induction of expression
associated with the presence of cytotoxic factors serum [35].

Determination of the interleukins 4, 8
concentrations in serum

To measure the level of IL-4,8 the solid-phase
immunoenzyme method with the horseradish peroxidase as an
indicator enzyme is used. The activity of bound peroxidase was
measured with an automatic microplate photometer at a 450
nm wavelength [20].

Statistical analysis
The results obtained were processed statistically using the

Wilcoxon-Mann-Whitney criterion and Student's t-test, using
the software package "Statistika V.6".

Results
The reaction of the cell bioindicator to cytotoxic factors of

blood serum of patients with different clinical phenotypes of
myasthenia

Since the composition and nature of complex of cytotoxic
factors are unknown, and it is not yet possible to determine
them clinically by analytical methods, the testing of this
hypothesis was based on the use of non-specific cell
bioindicator – D. viridis.

Unicellular microalgae D. viridis is characterized by: 1 - the
absence of a cell wall, thus allowing. the interaction and/or
penetration of low molecular cytotoxic factors in the cell; 2 -
high sensitivity to the presence of cytotoxic factors, regardless
of their nature; 3 - variety of responses to stress effects (loss of
mobility, changes in cell shape, secretion exometabolites, the
formation of cell aggregates with different characteristics); 4 -
D. viridis responses to stressors are interrelated and
characterized by the hierarchy, which may allow the
identification of cytotoxic factors depending on the response
of the bioindicator [32].

Thus, in control cell culture 90-95% of cells are mobile and
only 5-10% of the cells are motionless. Loss of motility of D.

viridis cells is associated with both a reaction to stress
exposure, which are accompanied by inhibition of their
metabolic activity, and with the natural process of the
formation of cysts in sexual reproduction. Under optimal
conditions, D. viridis reproduces vegetatively and do not lose
mobility.

Determination of the amount of motile cells in the control
culture after 30 minutes, 90 minutes and 2 hours after
application of 50 μl of saline had no effect on cell motility
(Figure 1). The same amount of healthy donors’ serum also
had no effect on cell motility.

In the case if 50 μl of the blood serum of patients with
myasthenia without thymus lesion (M) was added to the test-
culture 55% of cells, lose their motility in 30 minutes. After 2
hours, only 5% of cells in culture were mobile. In the case of
patients with thymus hyperplasia (MH) in 30 minutes, 95% of
cells lose their mobility (Figure 1).

Figure 1 Cell motility of test-culture at different exposures
after making into culture of blood serum of healthy donors
(1), of patients with myasthenia (2), of patients myasthenia
with thymus hyperplasia of the (3) and of patients with
myasthenia gravis with thymoma (4).

Another character of cell immobilization was observed after
addition to the test-culture of 50 μl of blood serum of patients
with myasthenia with thymoma (MT). After 30 minutes and 90
minutes of incubation only 40% of cells retain mobility,
however by 2 hours of incubation in the presence of serum
components only 8% of cells were mobile (Figure 1).

These results suggested that: 1) in serum of all the patients
with myasthenia there are cytotoxic factors inhibiting the
mobility of bioindicator; 2) the effect of inhibition of form
change and cell mobility and temporal characteristics of its
development were different in the cases of different clinical
types of myasthenia. One may assume that the composition
and/or the quantity of cytotoxic factors at the different clinical
phenotypes can be different.

If the cytotoxic components in the blood serum of patients
with myasthenia and hyperplasia immobilize cells during 30
minutes and further this characteristics didn’t change, in the
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case of myasthenia it increased by 3.6 times from 30 to 90
minutes and after the immobilization rate decreased, and in
the case of MT, on the contrary, the sharp immobilization was
observed from 0 to 30 minutes and from 90 minutes to 2 hours
it not changed additionally.

Along with the immobilization of D. viridis cells, the
cytotoxic components of blood serum of patients with
myasthenia influenced the cell shape changes of D. viridis.

In the control culture of D. viridis cell were pear-shaped
(near 42%), ellipsoid (52%) and roundish, immobile (7%) cells
(Figure 2).

Figure 2 Ratio of cell forms of D. viridis 2 hours after
introduction of 50 ml of serum from healthy donors (A),
serum from myasthenia gravis patients without thymus
lesions patients (B), serum from myasthenia with
hyperplasia of the thymus patients (C) and serum from
myasthenia with thymoma patients (D) into culture medium
(in percents). Pear-shaped cells (▒), rounded shape (■) and
ellipsoidal shape (□).

If the patients’ serum was added to the test-culture, the
pattern of cell shapes changed. In myasthenia without thymus
lesion, the number of round cells corresponded to 25%, while
MH (myasthenia with thymus hyperplasia) revealed on the
background of the maximum number of cells that changed
under the influence of the cytoskeleton cytotoxic factors,
which corresponded to 43%. A myasthenic factors of blood
serum of patients with myasthenia gravis in the background
thymoma changed shape of D. viridis cells from circular to
elliptical in 35% of cases.

First of all the amount of roundish cells increased and the
amount of normal ellipsoid ones decreased, but the amount of
pear-shaped didn’t change (Figure 2). These patterns didn’t
differ significantly between clinical phenotypes of myasthenia.
The ratio of ellipsoid/roundish cells changed most
demonstrably. If in control this ratio was 9.0, in the myasthenia
patient it was 0.40, 0.58 and 0.65 correspondingly for M, МH,
МT.

The most significant changes in D. viridis cells the test-
culture were related to emergence cell aggregates induced by
components of serum of patients. These aggregates were
different for various clinical forms of myasthenia (Figure 3).

Figure 3 The formation of cell aggregates addition the
culture of D. viridis in serum of patients with myasthenia
without thymus lesions (B), myasthenia with thymus
hyperplasia of the (C), myasthenia with thymoma (D).
Control culture (A) (objective х40).

In the case of patients with M, the number of aggregates
can reach 60 within of eyeshot, but the amount of cells in
aggregates is not more than from 3 to 20 cells (Figure 3).

In the case of the patients with MH amount of cells in
aggregates were larger and they have an elongated shape, and
at MT the amount of the forming aggregates were larger, they
have another shape (Figure 3).

Consequently, in blood serum of patients with myasthenia
there are cytotoxic factors influencing not only the cells of own
organism but also the plant cells in culture suggesting the wide
range of biological activity or of the presence of specific
receptors in the unicellular algae [36]. Taking into account the
different responses of bioindicator on the serum components
of patients with different forms of myasthenia one may
assume that the amount of such components can be different.

In further investigations of the study of bioindicator (D.
viridis) answer to patient’s serum it was carried out studies in
dynamics of treatment. First study was carried out before
operation of thymectomy, the second study on the third day
after surgery, third study - on the fifth day after surgery.

Postoperative period at patient V. was complicated by
myasthenic crisis and at the 6th day the patient died (Figure
4A).

Serum components of patient V. at the first study resulted in
an increase in number of rounded (in 6 times) and motionless
(in 7 times) cells. In the early postoperative period after
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thymectomy the number of modified cells D. viridis falls almost
2-fold (Figure 4A). And on the 5th day after the operation
myasthenic crisis was observed and serum of patients V. has a
stronger negative impact on cell biological indicator, which was
manifested in the increase in the number of round and fixed
cells by an average 2-fold compared with the second
investigation. The appearance of the cell aggregates was
observed.

Figure 4 Change in response of bioindicator D. viridis to a
set of myasthenic cytotoxic factors in patient V. with
unfavorable outcome (A) and in patient S. with favorable
outcome (B).

Myasthenia of patient S. proceeded with periods of
remission and complications and the positive outcome of the
disease (Figure 4B). Investigations were carried out in
dynamics: first study - at the time of admission of the patient
to the clinic, second study - after five days, third study - on the
7th day from the date of receipt, forth study - on the 10th day,
fifth study - on the 25th day from receipt.

Figure 4B shows the dynamics of changes in reaction
bioindicator D. viridis on cytotoxic components of blood serum

of the patient S., who was not operated and received
conservative treatment, including anticholinesterase therapy,
immunomodulators, methods of gravitational surgery -
plasmapheresis and intravenous injection of exogenous human
IgG.

The first study corresponds to a state of remission, which
was the result of a multi-component therapy. The number of
rounded cells and still higher than the reference value in the
average 6-fold. At the time of the second study within five days
after receipt, we observed a slight increase in the number of
aggregated cells bioindicator. On the 7th day (3rd research)
during the exacerbation of myasthenia gravis have seen a
significant change in the biological indicator D. viridis
(increasing the number of round cells and increase the number
to 70% of the cells that have lost their mobility). The number
of aggregated cells in this period increased by 15%. Sessions
plasmapheresis caused positive changes in the general
condition of the patient S., as well as reducing the number of
aggregated cells D. viridis to 3%, and a decrease in the number
of cells to change the shape and the loss of mobility. In
subsequent periods survey completely disappeared and cell
aggregates bioindicator significantly decreased the number of
rounded cells and stationary (in comparison with the 3rd
study) after their incubation with patient serum. Response of
bioindicator D. viridis to myasthenic cytotoxic factors in these
two patients was variable and dynamic fit of the disease.

Contents of autoantibodies in patients with
various clinical forms of myasthenia

There is evidence of involvement in the pathological process
of a variety of mechanisms. This primarily relates to the
identification of spectrum AAB [37]. The concept of the
pathogenesis of myasthenia gravis, including heterogeneity
and differing vectors of AAB and the difference in their
interaction with cholinergic receptors and other targets will
determine the criteria for the diagnosis and treatment of
diseases of individual paths [38].

Contents of autoantibodies (AAB) to nicotinic α1 subunits
determinants of acetylcholine receptors in patients with
myasthenia increased by 1.6-2.2 times depending on the
clinical forms of pathology.

Among patients with myasthenia without thymus pathology
the content AAB to α1 subunits of acetylcholine receptors was
1.7 times higher compared with the reference values; in the
case of myasthenia with thymus hyperplasia it was 2.3 times
higher, and in the case of myasthenia with thymoma it was 1.6
times more (Figure 5A).

The content of antibodies to AChR α7 subunits in group M
was increased 1.9-fold. In the group of patients with MН and
MT AAB to α7 subunits AChRs was increased by 1.3 and 1.25
times, respectively, compared with the reference value (Figure
5B).

Consequently, the spectrum of autoantibodies to various
determinants of the nAChRs was different among patients
with different clinical phenotypes of myasthenia and their
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number was also different in these clinical phenotypes of
myasthenia.

Figure 5 Content of autoantibodies to α1 subunits of the
acetylcholine receptors and to α7 subunits of the
acetylcholine receptors in serum blood (B) in a reference
group (1), patients with M (2), with MH (3) and MT (4).

One of the pathogenetic links of myasthenia gravis may be
disorders in enzyme activity due to the presence of specific
AAB.

The content of AAB to TPO - an enzyme that is involved in
the conversion of thyroglobulin in thyroid hormones -
thyroxine and triiodothyronine were studied.

Content of autoantibodies to thyroid peroxidase (TPO)
increased by 15 times as compared with the control in the case
of myasthenia without thymus pathology. While the content of
autoantibodies to TPO was even less than the control by 2
times in the case of MH and 2.4 times compared to control in
patients with myasthenia with thymoma (Figure 6).

Consequently, such a change in different directions of
antibodies to TPO in patients with different clinical forms of
myasthenia indicates the presence of different patterns of
autoantibody. Obviously, in these patients, against the
background of combined lesions of the thymus and thyroid
gland at periglandular syndrome different metabolic patterns
are formed.

It could be expected that the number of autoantibodies to
the components of various tissues in patients with myasthenia
will be increased.

The content of AAB to the components of cell membranes
of the lungs in patients with myasthenia was also increased.
Thus, in patients with myasthenia without thymus lesion AAB
was increased by 2.5 times, with thymic hyperplasia by 7
times, and with thymoma by 5 times in comparison with
control (Figure 7A).

Study of serum content AAB to hepatocytes revealed
increasing concentrations of the components AAB hepatocyte
membrane, which was greatly increased by 25, 22 and 25
times among patients with M, MH and MT, respectively,

compared to the control level (Figure 7B). Such high level of
autoantibodies to components of the liver indicates a possible
change in its functional activity in these patients.

The content of the AAB to cardiomyocytes also was
increased in patients with MH and MT (Figure 7C).

Figure 6 The content of autoantibodies to TPO in a group of
healthy volunteers (K), patients with myasthenia without
thymus lesion (M), patients with myasthenia with thymoma
(MT) and of patients with myasthenia with thymus
hyperplasia (MН) (data in the table) and the change in the
content of autoantibodies in patients on compared to
control (histogram).

Figure 7 The contents of autoantibodies to components of
the tissue (I): lung (A), liver (B), heart (C) in the control
group (1), in patients with myasthenia gravis without
thymus lesions (2), myasthenia with thymus hyperplasia (3),
myasthenia with thymoma (4).

The content of autoantibodies to connective tissue protein
elastin in patients with myasthenia also was determined. In
patients with myasthenia without thymus lesion and with
thymus hyperplasia the autoantibodies to this protein were
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not detected, but their content was increased 10-fold
compared with control in patients with myasthenia with
thymoma. Therefore, in these patients there may be
degradation of the extracellular matrix.

Therefore, in patients with myasthenia increasingly produce
antibodies to components of hepatocytes, and this is
independent of the phenotype of myasthenia, they also
produce antibodies to the cells of the lung and their number
depends on the phenotype of myasthenia gravis. In individual
patients with MH and MT we have seen a significant increase
of AAB to the cardiomyocytes.

This range of AAB may have marked destructive actions and
cause to alteration of tissue that contributes to the emergence
of various cytotoxic factors in patients with myasthenia gravis.
The presence of autoantibodies having hydrolytic activity
causes the formation of cytotoxic products abzymes and non-
specific degradation of macromolecules [39].These data
identify patients with different clinical phenotypes myasthenia
individual metabolic patterns that differ from the norm.

Characteristics of the lymphocyte subsets
The lymphocytes are known to regulate the antigenic

homeostasis of the body. A variety of antigenic factors and
microenvironment induces the expression of clusters
differentiation of different lymphocytes subpopulations.

In patients with different clinical phenotypes of myasthenia
the ratio of lymphocyte subpopulations: CD3+; CD4+; CD8+;
CD16+; CD19+ were determined.

It was found that in the group of donors without
autoimmune pathologies, more than 50% of lymphocytes
belong to the CD3+ subpopulation. In these donors 30% to
40% of lymphocytes belong to CD4+ subpopulation, from 20%
to 35% of lymphocytes were CD8+; CD19+ - 17% to 20%, and
the least of them was CD16+ (8% to 10%) (Figure 8A).

Among the patients with myasthenia without thymus lesion
the expression of CD3+ (common T-lymphocytes) and CD8+
(killers/suppressors) was reduced, and the content of other
lymphocyte subpopulations did not differ significantly from
healthy donors (Figure 8B).

In the case of myasthenia with thymic hyperplasia a
significant increase of CD4+ (T-helper cells) and CD16+ (NK)
content was observed and CD8+ content was reduced as
compared with the control (Figure 8C).

The patients with myasthenia with thymoma were
characterized by reduced expression of CD3+, CD8+, CD16+
and CD19+ content was increased in them compared with
healthy donors (Figure 8D).

Consequently, the ratio of lymphocyte subpopulations in
patients with myasthenia has been changed compared with
the control group. Each of the clinical forms of myasthenia has
been a specific pattern of lymphocyte subpopulations (Figure
8).

Figure 8 The content lymphocyte subpopulation in the
control group (A) in patients with myasthenia gravis without
thymus lesion (B) with myasthenia with thymus hyperplasia
(C) and myasthenia with thymoma (D). Content on axes CD3
+ (1), CD4 + (2), CD8 + (3), CD16 + (4), CD19 + (5).

The change of lymphocyte subpopulation composition at
myasthenia reflects: features and degree of response to
antigenic background; the nature of the communication
between subpopulations of immune cells, i.e., forming of
immunocompetent cells pattern and individual set of cytokines
in the body.

It should be noted that these measures, which have been
identified in a large number of patients remained quite
variable, what reflects the high individual variability of
immunoreactivity of the organism.

The content of IL-4 and IL-8 in patients with
different clinical phenotypes of myasthenia

It is known that the role in the system development of
autoimmune pathologies play proinflammatory cytokines,
acute phase proteins and other biologically active factors
which may be produced in different subpopulations of
lymphocytes. In this relation the content of the
proinflammatory interleukins IL-4 and IL-8 can be indicative in
patients with myasthenia. IL-4 is central in the regulation of
the immune response and provides differentiation Th2
lymphocytes. IL-4 is growth factor of B-lymphocyte, inducer of
DNA synthesis in lymphocytes and increases the expression of
HLA II. IL-8 is associated with induction of IL-1β, enhances
intercellular adhesion properties [40]. These cytokines
describing features of differentiation of immune cell
producers, we used as a criterion for the presence of cytotoxic
factors at bioindication.

The content of IL-4 was found to be increased in patients
with myasthenia compared with control levels from 3.9 to 9.5
times depending on the clinical form of M. Its maximal content
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was revealed in patients with MT (666 mmol/l) at 70 μl/l in the
control (Figure 9A).

Figure 9 The content of interleukin-4 (A) and interleukin-8
(B) in control group (1), of patients with myasthenia (2), of
patients myasthenia with thymus hyperplasia (3) and of
patients with myasthenia with thymoma (4)

The content of IL-8 in these patients has been increased to a
greater extent than the reference level. Therefore, its content
was 18 times higher in patients without thymus lesions (M),
8.8 times in patients with MH and 59 times in patients with
MT versus control (Figure 9B).

Consequently, the development of myasthenia was
accompanied by increase of content both IL-4 (in 3.9-9.5
times), and IL-8 interleukins (8.8-59 times) as compared to a
control level. The greatest content of IL-4 and IL-8 was
observed at the myasthenia with thymoma and was by 9.5 and
59 times more, respectively (Figure 9).

Such a significant change in the content of the studied
interleukin may indicate a profound changes not only the
spectrum of cytokines and other cytotoxic factors
accompanying inflammation. The development of
autoimmune pathologies may be accompanied by the
formation of various unidentified cytotoxic factors causing
alteration of tissues.

Consequently, in the formation of clinical myasthenia
phenotypes can make significant contribution the various
biologically active factors that induce different patterns and
metabolic memory.

Discussion
History of description of myasthenia gravis syndrome,

research of this syndrome and development of ways to treat it
is an interesting and instructive story. This pathology was first
described by English physician T. Willis in 1672.

In 1894, J. Jolly defined the electrophysiological
characteristics of myasthenia gravis and suggested the name
for this disease - myasthenia gravis pseudoparalytic.

C. Weigert in 1901 was the first who described the
sarcomatous degeneration of the thymus at the deceased
from myasthenia gravis. Involvement of the thymus in the
development of myasthenia gravis was proved later, and this
fact is the core of the modern theory of the thymogeneous
nature of myasthenia [41]. The high frequency of the
histological changes observed in the thymus, the presence of
large amount of T-lymphocytes in it and serum stimulating
production of antibodies to the nicotinic acetylcholine
receptor attests in favor of that. The evidence of the important
role of the thymus in the development of myasthenia gravis is
the fact that many patients after total thymectomy had an
experience of clinical improvement [25].

The next important step in the myasthenia study was the
work by Mary Walker in 1934, which showed that Curariform
factors had an influence on the expression of myasthenia
gravis. This work became the basis for wider application of
anticholinesterase drugs in the treatment of myasthenia gravis
[42].

In the 50-60s of the twentieth century two hypotheses of
possible mechanisms of myasthenia gravis were also
discussed. The first - a disorder of muscle function due to the
appearance of toxic substances in the blood that are absent in
norm [43]. The second - the insufficient activity of the
neurotransmitter - acetylcholine, which resulted in its
destruction by cholinesterase, lack of its synthesis or
decreased sensitivity towards acetylcholine [23,44].

The active studying of the role of the immune system in the
pathogenesis of myasthenia gravis started in the 80s of the
twentieth century. It was shown that this pathology has an
autoimmune nature. In 1993 K. Oda detected antibodies to
acetylcholine receptor (AChR) subunits [45]. However,
antibodies to AChR were not detected among all patients, but
only of 50% to 60% [3].

Numerous studies shown that patients with myasthenia
gravis had an increased content of antibodies to Titin (striated
muscle protein), to the cells of the thymus [46], to ryanodine
receptors [47] and others.

This pathology is not always accompanied by the
involvement of the thymus. Moreover, immunological and
biochemical parameters at patients with myasthenia gravis can
vary greatly. This entire are impeded the diagnosis and chose
of options for the treatment, and indicates the diversity of the
mechanisms of this disease.

Consequently, myasthenia gravis exhibits extremely high
heterogeneity of etiology and of pathological factors, and it
may have different mechanisms of development.

The results of this work indicate the high heterogeneity of
immunological parameters of myasthenia. Therefore, if one
considers the variability in the parameters of different clinical
phenotypes of myasthenia gravis, one can see absolutely
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different patterns of distribution for different clinical forms of
myasthenia gravis.

The high variability of clinical, biochemical and
immunological parameters of myasthenia is admitted by many
authors [48,49]. Such variability is explained by individual,
genetic and even geographical factors [50].

Unfortunately, the proper attention to the role of the
cytotoxic factors in development of myasthenia was not given
proper attention on the background of mentioned above
important results. However, hyperactivity of the immune
system which can be induced by a variety of factors, and
especially infectious agents, is accompanied by the formation
of a variety of autoantibodies.

Previously, it was shown that myasthenia gravis is always
developed on the background of mix-infections [51].

This does not mean that myasthenia gravis has an infectious
nature. We suppose that on the background of
"predisposition" mix-infections trigger the autoimmune
process, accompanied by the formation of endogenous
cytotoxic factors.

It is known that autoantibodies possess proteolytic activity,
and protein hydrolysis products may have cytotoxic properties
[52]. The increased contents of autoantibodies to components
of liver, lungs, and other tissues could result in increased
content of products of catabolism in various organs and their
nature may be different. It is obvious that not all of them have
cytotoxic properties, but that myasthenia is accompanied by
the formation of cytotoxic factors evidenced by the results
obtained in our experiments using the test culture D. viridis.

The results of the influence of (blood) serum components
on the culture D. viridis, which is a vegetable object and never
encounters similar factors in the nature, suggests that in the
organism of patients with myasthenia the cytotoxic factors
with a not specific activity are formed.

In considering the diversity of D. viridis responses: this is the
change in cell motility, their form and the formation of cell
aggregates, it should be noted that they were different for all
the clinical forms of myasthenia gravis.

Moreover, between changes in cell motility, shape and
characteristics of the cell aggregates was revealed no
connection, i.e., these characteristics varied independently
and one may assume that they are induced by different
cytotoxic factors. Therefore, among patients with different
myasthenia forms there are various cytotoxic factors that may
affect the different functions of organism (Figure 10).

In favor of the supposition that the D. viridis test reveals the
changes induced by cytotoxic factors could be the results of
similar responses of D. viridis cells after the application of
known toxicants [52].

It is important that the loss of cell motility is caused by
inhibition of the contractile apparatus of flagella D. viridis [53].
Changing the shape of cells D. viridis clearly points to the
effect of serum components of patients with myasthenia on
cytoskeleton and contractile proteins of cells [32].

Figure 10 Diagram showing the role of cytotoxic factors in
the formation of a variety of clinical forms of myasthenia,
cell testing and treatment selection. In the first stage
pathological factors and/or infectious agents, induce the
synthesis of cytokines and autoantibodies. Autoantibodies
are associated with different tissues and further enhance
the synthesis of autoantibodies and cytotoxic factors. In the
second stage the specific immunobiological patterns for
different clinical types depending on the set of cytokines
and cytotoxic factors are formed. Induction of the immune
response by exogenous and endogenous factors is followed
by formation of an extensive network of cytotoxic factors
and cytokines that influence the maintenance of a specific
immune response and provide the development of the
metabolic patterns manifested by different clinical types of
myasthenia. On the y-axes, the control level is represented
as "0"; increase in the parameters is in the “+” area;
reduction in such parameters is in the “-“ area relative to
control level. On the x-axis, the following parameters are
presented: 1. AAB to α1-nAChR; 2. AAB to α7-nAChR; 3. AAB
to TPO; 4 AAB to the lungs; 5. AAB to the liver; 6. AAB to the
heart. 7. AAB to elastin; 8. IL4; 9. IL8. Formed pattern of
cytotoxic factors can be tested by bioindicator D. viridis
(phase III) and selected treatment strategy (stage IV).

The formation of cell aggregates formed by D. viridis was
described for a long time and is assumed that it is a response
of a cell culture on non-specific stress factors [54].
Unfortunately, the mechanisms of this phenomenon are still
poorly studied. These results, albeit indirectly but demonstrate
that different factors of cytotoxic nature are contained in
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organism of patients with different clinical forms of
myasthenia. To assess the presence of complex cytotoxic
factors, you can use the integral index of cytotoxicity, which is
calculated by the formula II and it was various for the different
clinical forms of myasthenia gravis.

Previously we had shown that there is dose dependence
between the amount of components from serum of the
patients added to D. viridis culture and the response of D.
viridis culture. During the remission the amount of cytotoxic
factors in the blood as registered by D. viridis response
decreased to their absence [55].

Consequently, our results allow concluding:

Development of myasthenia gravis occurs on the
background of cytotoxic factors formed in the organism;

Endogenous cytotoxic factors have non-specific effects on
the various functional systems of the organism, even the plant
objects;

The organism of patients with myasthenia gravis produce
various cytotoxic factors, which influence on different systems
of the organism and can lead to the formation of a variety of
clinical phenotypes.

The results of changes in the content of autoantibodies,
interleukins and expression of various clinical phenotypes of
myasthenia forming endogenous cytotoxic factors, can be
attributed to the high variability of these parameters in
patients’ organism.

Thus, cytotoxic factors induce a broad spectrum of different
amounts of autoantibodies to various tissues. Autoantibodies
have multiple effects. Binding to cellular components of the
liver, lungs, heart and other tissues they change functions of
these organs, and in addition, because of their enzymatic
activity they induce the cytotoxic factors. Afterwards, they
induce new synthesis of autoantibodies. We suppose that the
formed net of cytotoxic factors drifts into self-sustaining phase,
i.e. it is formed the imprint including the specific regulator
system of cell activity, in particular, interleukins (Figure 10).

Autoantibodies have multiple effects. Binding to cellular
components of the liver, lungs, heart and other tissues, they
change function of these organs, and in addition, because of
their enzymatic activity they induce the cytotoxic factors. In
favor of this, the data may indicate the change of lymphocyte
populations and maintain different patterns at patients.

We suppose that each clinical form of myasthenia gravis is
characterized by specific features of cytotoxic factors and, as a
consequence, by its own pattern of tissue-specific
characteristics. On this basis, the choice of treatment strategy
should be different for different clinical forms. At the present
stage of our enough limited knowledge, about cytotoxic
systems and tissue-specific patterns can be used to test D.
viridis to choose the tactics of treatment and control of the
treatment of these patients. Integrated approaches are
needed for screening clinical phenotypes of myasthenia gravis,
monitoring the effectiveness of treatment and prognosis.
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