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ABSTRACT

The exact mechanisms of multiple sclerosis evolution are
still unknown. However, the progress in C57BL/6 mice of
experimental autoimmune encephalomyelitis (EAE, similar
to human multiple sclerosis) happens as a result of the
contravention of bone marrow hematopoietic stem cells
differentiation profiles integrated with the production of
toxic for human'’s auto-antibodies-abzymes splitting myelin
basic protein (MBP), myelin oligodendrocyte glycoprotein
(MOG), histones, DNA and RNA as well as IgGs with catalase
and peroxidase activities. Here, we first analyzed the change
in the relative amylase activity of 1gGs from C57BL/6 mice
blood over time at different stages of the EAE evolution:
onset, acute, and remission phases. It was shown that the
amylase activity of IgGs during spontaneous development
of EAE first noticeably increases from 50 to 80, then sharply
decreases to 100-130, and again sharply increases to 150
days of mice life. Immunization of 3-month-old mice (time
zero) with the DNA-histone complex leads to a decrease,
while their treatment with MOG results in a substantial
increase in the amylase activity of IgGs. The relative activities
of all IgG-abzymes indicated above corresponding to various
stages of EAE development were compared. The data shows
that spontaneous EAE and immunization of mice with DNA-

histones complex and MOG leads to a different and very
expanded formation of various B lymphocytes, producing
abzymes with several diverse catalytic activities. In addition,
the relative number of lymphocytes producing diverse
antibodies with distinct enzymatic activities (including their
relative activities) significantly depend both on the stages
of spontaneous and antigen-induced accelerations of EAE
development.

Keywords : C57BL/6 mice; EAE model; Catalytic antibodies;
amylase activity

INTRODUCTION

Various abzymes (Abzs) against chemically stable analogs of
transition states of many chemical reactions catalyzing more
than 200 various reactions are obtained, and they are novel
important enzymes (for review, see (1-7)). Natural catalytic
auto-Abzs degrading polysaccharides, nucleic acids, different
oligopeptides, and proteins were detected in the blood of
patients with several autoimmune diseases (AIDs; for review,
see (8-25)).

Multiple sclerosis (MS)is chronicdemyelinating central nervous
system (CNS) pathology. The MS etiology is still unclear, and
the widely used theory of its pathogenesis presumes a leading
role of inflammation associated with autoimmune reactions
leading to myelin destruction (26-30).

Several experimental autoimmune encephalomyelitis (EAE)
mice models exist that mimic specific features of human MS
(for a review, see (31-40)), including C57BL/6. EAE evolution in
C57BL/6 mice proceeds spontaneously and has a chronic-pro-
gressive course. Different Abs-abzymes were usually obtained
with a dramatically higher incidence in autoimmune-prone
mice strains than in conventionally used control mice strains
(41,42). Some AIDs were supposed first may be a consequence
of defects of hematopoietic stem cells (HSCs) (43). The spon-
taneous and accelerated by mice immunization with DNA of
SLE-prone MRL-Ipr/lpr mice progress of systemic lupus ery-
thematosus (SLE) (23-25, 44) and experimental autoimmune
encephalomyelitis in EAE- C57BL/6 mice (23-25,

45-48), has been shown later are conditioned by a specific
reorganization of bone marrow HSCs. In AIDs, the immune
system contravention-defects bound with distinct-specific
changes in the bone marrow profile of HSCs differentiation,
which is associated with the production of particular catalytic
antibodies-abzymes hydrolyzing nucleic acids, histones, pep-
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tides, proteins, and polysaccharides, (17,23-25,44-48). With
some exceptions, abzymes with DNase, RNase, and protease
catalytic activities are absent in the blood of conditionally
healthy volunteers, or they usually have shallow activities
(17,23-25,44-48). The auto-Abs-abzymes with several enzy-
matic activities were revealed as the first statistically signif-
icant and the earliest markers of many AIDs beginning and
development (17,23-25, 44-48).

Free histones in the blood of animals are cytotoxic and
stimulate the development of autoimmune diseases (49).
Complexes of DNA with histones are the most important
auto-antigens in production Abs and abzymes against DNA
and histones (26), Anti-DNA Abs have been recently found as
a major component of intrathecal 1gGs in the brain and CSF
cells of multiple sclerosis patients (50).

DNase and histone-hydrolyzing Abzs of SLE and multiple
sclerosis patients are detrimental and cytotoxic because
they induce cell apoptosis, which accelerates the evolution
of autoimmune diseases (51,52). Abzs against myelin basic
protein (MBP) and myelin oligodendrocyte glycoprotein
(MOG) possessing protease activity in MS and SLE patients
may attack specific proteins of the axons myelin-proteolipid
sheath. Consequently, these auto-abzymes could also play a
negative detrimental role in MS pathoC57BL/6 mice; genesis
(23-25, 44-48).

EAE C57BL/6 mice were used recently to study possible
mechanisms of spontaneous, DNA-histones complexes and
MOG-accelerated development of EAE (23-25, 44-48). It was
demonstrated that immunization of C57BL/6 mice with DNA-
histones complexes and MOG (23-25, 44-48) accelerates
EAE development. The acceleration is associated with
specific changes in HSCs differentiation profiles, an increase
in lymphocyte proliferation, and apoptosis repression
in different mice organs (23-25,44-48). These changes in
parallel are associated with the production of auto-Abzs
splitting DNAs, RNAs, nucleotides, polysaccharides, proteins,
and peptides (23-25, 44-48). After immunization of mice
with MOG or DNA-histones, changes in HSCs differentiation
profiles occur several times, corresponding to the onset of
the pathology by 7-8 days (the appearance of abzymes),
a sharp exacerbation in the acute phase at 18-20 days
(maximum activity of abzymes) followed by a slow transition
to the remission stage and a decrease in the activity of
abzymes in the hydrolysis of all mentioned above substrates
(23-25, 44-48). It was shown that during the spontaneous
development of EAE, the levels of DNA, MBP, MOG, histones,
and microRNA hydrolysis by Abzs increase slowly-gradually
(44-48). The catalase activity of abzymes also increases slowly
(47). However, immunization of mice with MOG or DNA-
histone complex resulted in a sharp increase in the activity
of all abzymes at periods of the onset and acute phases.
Amylases are enzymes catalyzing the degradation of

glycosides in glycogen, starch, and dextrin (22,23). Amylases
are widespread and present in almost all living organisms
(53,54). According to the various ways of starch hydrolysis, they
are divided into three majority types: a-amylases, B-amylases,
(53-57). 1,4-a-D-glucan-glucanohydrolase
or a-amylase is the most common extracellular enzyme
hydrolyzing starch and glycogen (55). Amylase plays a vital role
in carbohydrate metabolism in vivo, and alpha-amylase was
found in different organisms: bacteria (26), fungi (57), plants
(27), and animals (58).

As mentioned above, abzymes with some activities were not
found in the blood of apparently healthy donors (23-25, 44-48).
Abzymes with amylase activity are an exception. Abzymes from
healthy donors have been shown to have very low but reliably
testable activity (17). At the same time, their activity increases

and y-amylases

dozens of times with the development of a number of auto-
immune diseases, including SLE and multiple sclerosis (61-63).
Interestingly, the relative activity of abzymes with amylase ac-
tivity in the multiple sclerosis cerebrospinal fluids of patients is
~30times higher thanin the blood of the same patients (62). To
date, in experimental animals predisposed to AIDs, antibodies
with amylase activity have been studied only in SLE-prone MRL-
Ipr/lpr mice (23-25). It was shown that the amylase activity of
IgGs slowly increases during spontaneous SLE development.
Itwasinterestingto analyze atwhat stages of AIDs development
the production of Abzs with amylase activity can occur.
Therefore, we used EAE-prone C57BL/6 mice, in which case it
was possible to analyze changes in the amylase activity of IgGs
during the onset, acute phase, and remission of this disease.
Here, we investigated the amylase activity of IgGs from the
blood of C57BL/6 mice corresponding to spontaneous, MOG-
and DNA-histones complex accelerating the development of
EAE.

MATERIALS AND METHODS

Reagents

All chemicals and an equimolar mixture of five histones
(H9250) were from Sigma (St. Louis, MO, USA). Superdex 200
HR 10/30 (17-5175-01) and Protein G-Sepharose columns
(17061801) were from GE Healthcare Life Sciences (New York,
NY, USA). MOG35-55 (2568/1) was from EZBiolab (Munich,
Germany). Maltoheptaose was from Boehringer Mannheim (0
139 041; Mannheim, Germany). These preparations were free
from possible contaminants.

Experimental animals

C57BL/6 mice from 50 to 90 days of life (3-month-old) were
grown in mice special vivarium using special free of any
pathogens conditions of the ICG (Institute of Cytology and
Genetics) (17-21). All analyses have been implemented
following the ICG Bioethical Committee’s protocols conforming
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to known specifications of working with animals of Directive
86/609/CEE of the European Communities Council. The
Bioethical committee of the ICG approved our study. To
analyze the changes in the amylase activity of antibodies
during the spontaneous evolution of EAE, C57BL/6 mice
from 50 to 150 days after birth were used. Immunization
experiments were conducted using three-month-old mice (90
days of life; zero time).

Immunization of mice

In this article, we analyzed IgGs, which were used earlier by
us for the investigation of different parameters characterizing
the evolution of EAE in C57BL/6 mice before and after their
treatment with MOG and DNA complex with five histones
(H1-H4) (44-48). On the zero time (3-month-age mice), the
mice were immunized with MOG or DNA-histones complex
according to (44-48). For isolation of individual IgGs, 0.8-1 mL
of the blood was collected at different times before and after
mice treatment by decapitation using standard approaches
(44-48). Methods of mice immunization were published
earlier (44-48) and are described in more detail in Combined
Supplementary data; Part 1, Immunization of mice).

IgG purification

Electrophoretically and immunologically homogeneous IgGs
were obtained as in (17-21) by chromatography of animal’s
blood plasma proteins on Protein G-Sepharose; additional
cleaning of IgGs was performed using FPLC gel filtration in
harsh conditions (pH 2.6). For the protection of antibodies
from possible contaminations, all samples were filtered using
special 0.1 pm filters. Aliquots of solutions obtained were
kept at -700 C before being used in different experiments.
SDS-PAGE of IgGs for assay of homogeneity was performed
using 5-15% gradient gels as in (44-48). All possible proteins
after electrophoresis were visualized by gels silver staining (a
more detailed method of IgGs purification is given in Part 2—
IgG purification in Combined Supplementary data.

IgG preparations were separated by SDS-PAGE as in (44-48)
to exclude possible artifacts due to hypothetically possible
contaminating amylases. After SDS-PAGE was used to restore
the amylase activity, SDS was removed by incubation of the
gel for 3 h at 23°C with Tris-HCl buffer (pH 7.5) and washed 15
times with this buffer. The longitudinal strips of gel were cut
into small pieces (2.0-3.0 mm), carefully pounded, and placed
in centrifuge tubes containing 50 L, Tris-HCI (pH 7.5). During
10 days all tubes kept at +4° C with periodic shaking. Then,
gel particles were removed using centrifugation, and the
supernatants were used to determine amylase activity. The
parallel gel strips were used to detect the IgG's position by
silver staining. This amylase activity was detected only in the
band corresponding to intact IgGs, and there were no other
protein bands and peaks of amylase activity.

Assay of amylase activity

The relative amylase activity of IgGs was determined using
optimal conditions as in (44). The reaction solution (20 pl)
containing 50 mM Tris-HCl, pH 7.5, 1 mM NaN3, 1.7 mM
maltoheptaose, and 0.001 - 0.2 mg/mL of IgGs was incubated
for 1-6 h at 370C. Products of maltoheptaose hydrolysis
were identified by thin layer chromatography on TLC Silica
gel 60 W (HX68188587; Merck, Darmstadt, Germany) using
1-butanol-acetic acid-H20 (12:4:4). After TLC plates were air
dried, then sprayed with a 5% H2S04 solution in 1-propanol,
and incubated at 110°C for 8 min. The activities of IgGs
preparations were estimated from the scanning data as a d
forms. All measurements were performed within the linear
regions of the time courses and IgGs concentration curves. If
the Abs activity was low (< 5-10 % of hydrolysis), the incubation
time was increased to 5-20 h. If oligosaccharide degradation
exceeded 40%, the concentration of IgGs preparations was
decreased 2-10-fold depending on the sample analyzed.
Finally, the relative catalytic activities were normalized to one
mg/mL IgGs and 1 h of incubation.

Statistical analysis
All data are the mean and standard deviation of at least 2-3
independent experiments for each IgG sample, averaged
over seven various mice of each group. A significance of
differences (p) between groups was calculated using the
Mann-Whitney test.

RESULT

Experimental groups of mice

The development of EAE results in the immune system
of C57BL/6 mice specific reorganization associated with
significant changes in the differentiation profile of mice
HSCs and the increase in proliferation of lymphocytes in
different organs (23-25,44-48). All these defects-changes in
mice’s immune systems lead to increased proteinuria and
the production of catalytically active Abs hydrolyzing DNA,
MBP, and MOG (23-25,44-48). It was interesting to see how
these defects-changes in the immune system can affect
possible alterations in IgG relative activities in the hydrolysis
of oligosaccharides. Besides, it seemed essential to compare
the overtime patterns of changes in the relative activity
of Abs with amylase activity in comparison with abzymes
hydrolyzing MBP, histones, MOG, RNA, and DNA during mice
EAE development analyzed earlier (23-25,44-48).

In the study of amylase activity, we used homogeneous IgGs
preparations containing no any canonical enzymes before
and after immunization of C57BL/6 mice with MOG (45) and
DNA-histones (46); these preparations were obtained and
described in (45-48).

To demonstrate the processes of violation of the immune
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status in C57BL/6 mice, Supplementary integral data indicate
overtime changes in a number of mice bone marrow
BFU-E, CFU-E, CFU-GM, and CFU-GEMM colony forming
units (Supplementary Figure S1), the relative amount of
lymphocytes in bone marrow, spleen, thymus, and lymph
nodes (Supplementary Figure S2) for untreated mice, as well
as after their treatment with DNA-histones complex and MOG
described in (45-48).

Amylase activity

The IgGs used in this work were obtained from the blood of
C57BL/6 mice previously and described in (45-48). These Abs
were electrophoretically homogeneous and were active in the
hydrolysisof DNA, micro-RNA, MBP,andhistones(45-48),aswell
as in the oxidation of 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS), 3,3'-diaminobenzidine
(DAB), and some other substrates (63) and possess catalase
activity (47). It was shown that all catalytic activities of these
polyclonal antibodies are their own properties, and they do
not contain admixtures of any canonical enzymes (45-48,60-
63). It was interesting to see whether these antibodies exhibit
amylase activity.

The amylase activity of IgGs was estimated from the efficiency
of IgGs to hydrolyze maltoheptaose (MHO), according to
(44). Figure 1 shows an analysis of MHO hydrolysis with 12
different IgG preparations using thin-layer chromatography.

Figure 1
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Typical examples of maltoheptaose hydrolysis by

IgG preparations (0.1 mg/mL) using thin-layer
incubation of MHO
without antibodies. The relative activity of antibodies was calculated
from the percentage ratio of the hydrolysis products and the initial

non-hydrolyzed MHO in every line.

Figure 2 demonstrates nine typical kinetic curves of MHO
hydrolysis in the presence of nine different individual IgG
preparations.
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FIGURE 2. Typical examples of the time-dependences of MHO
hydrolysis in the presence of 9 individual IgG preparations (0.1 mg/
mL) corresponding to nine different groups of mice. All designations
IgGs marked as 50-150 days sp. EAE
corresponds to antibodies of spontaneous EAE development from 50
to 150 days. Individual I1gGs labeled as DNA20 and DNA60 correspond
to 20 and 60 days after mice treatment with DNA-histones complex,
while MOG20 - 20 days after mice immunization with MOG.

are given on the Panel.

Such kinetic curves were obtained for all individual 1gG
preparations corresponding to different groups of mice. All
IgGs hydrolyze MHO but at different rates. To prove that
the amylase activity belongs directly to IgGs and they do not
contain any admixtures of canonical amylases, we used an
equimolar mixture of 35 IgG preparations (IgGmix). After SDS-
PAGE and SDS removal, the gel was cut into small fragments
(2-3 mm), and all possible components of these fragments
were eluted from the gel. The eluates obtained were used
to analyze potential proteins capable of hydrolyzing MHO
(Figure 3).
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FIGURE 3. SDS-PAGE analysis of the electrophoretic homogeneity
IgGmix corresponding to a mixture of 35 individual IgG preparations
(19 pg) in 4-18% gradient gels followed by silver staining (A). After
SDS-PAGE, the gels were incubated using the special solution to
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remove SDS and IgGs renaturation. The relative amylase activity
was estimated using 15 pl extracts of 2.0-3.0-mm fragments of one
longitudinal gel slice (B). The error from 2 independent experiments

in the initial rate determination did not exceed 8-10%.

The amylase activity was detected only in the gel fragments
corresponding to 150 kDa IgGmix. Since SDS dissociates all
protein complexes, detecting the amylase activity only in
the gels peaches of IgGmix intact and the absence of any
other proteins and amylase activity peaks corresponding to
other gels fragments gives the direct evidence that IgGmix
preparation possesses intrinsic amylase activity (Figure 3). In
time changes in the amylase activity during the development
of EAE Previously, it was shown that significant changes in
the profile of differentiation bone marrow stem cells begin in
C57BL/6 mice at about three months of their life (zero time).
In addition, only in 3-month-old mice were reliably detected
abzymes of hydrolyzing DNA, MBP, MOG, and histones were
revealed. Taking this into account, the spontaneous and
MOG- or DNA-histones accelerated development of EAE
in these mice was carried out using 3-month-old mice (90
days, zero time) (44-48). Later, in the study of micro-RNA
hydrolyzing and catalase activity, mice were used from 50 to
150 days after birth (47,48). In this work, mice 50-150 days
after delivery were also used to analyze amylase activity. The
changes in relative amylase activity of individual 1gGs during
EAE spontaneous development were first analyzed. For
further analysis, the averaged data corresponding to 7 mice
in each group corresponding to 50-150 days of spontaneous
EAE were used (Figure 4).
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FIGURE 4. In time changes of an average amylase activity of IgG (7
mice in each group) during 50-150 days of spontaneous development
of EAE (O; left scale). The upper scale shows the total number of
experiment days, while the lower scale indicates the beginning of the
experiments (zero time) with immunization of mice with MOG and the
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DNA-histones complex. For comparison, the Figure shows previously
obtained data on in-time changes in catalase (0) (20), micro-RNase (0)
(21), and DNase (A) (17) relative activities (RA) over time (all activities
right scale). Because of the big difference between the enzymatic
activities of antibodies in the catalysis of three various reactions, they

are shown on the right scale in relative percent.

At 50 days of mice age, the blood of C57BL/6 mice contains
lgG-abzymes with amylase activity (Figure 4). The spontaneous
development of EAE during 60 days from 50 to 100 days after
mice birth (upper scale) first leads to a 1.6-fold increase in
amylase activity to 80 days (p < 0.05). Then, the activity
remarkably decreased to 100 days and remained almost
unchanged until 130 days of the mice’s life. However, it rises
sharply by 150 days of their life.

In this regard, it seemed interesting to compare the time
course of changes in the amylase activity of antibodies
with those found earlier for DNA-, MBP-, MOG-, micro-RNA-
hydrolyzing, and catalase activities. To this aim on Figure 4 are
summarized the data for these activities that were published
earlier (44-48). Since the level of all activities is different, to
compare the dynamics, all activities are given using relative
percent. Interestingly, while amylase activity increases from
50 to about 80-90 days (time zero), catalase and miRNA
hydrolyzing activities are significantly reduced. DNase activity,
starting from 90 days (zero time), gradually increases up to
150 days (Figure 4, (45,46)). Similar gradual increases in
activity during 90-150 spontaneous development of EAE were
observed for MBP-, MOG, and histones-hydrolyzing and other
activities (see, Supplementary Figures S3 and S4) (45-48).
Wherein for amylase, catalase, and micro-RNA-hydrolyzing
activities after zero time, complex dependences of their
changes are observed. However, in general, starting from 90-
100 days, they also increase to 150 days (Figure 4).
Three-month-old mice were immunized with MOG and DNA-
histones complex (45-48). According to (23-25,31-33), 7-8 days
after C57BL/6 mice treatment with MOG correspond to the
onset, while 19-20 days to the acute phase of EAE evolution,
when the stage of a remission begins later after about 25-
30 days. By 18-20 days, DNase and protease activities are
maximal (Supplementary Figure S3) (45,46), and they sharply
decrease during the stage of remission (>25-30 days).

Figure 5 shows data on the relative amylase activity of I1gG
preparations before and after mice treatment with MOG and
DNA-histones complex. Whereas spontaneous development
by day 20 after zero time first results in a ~1.8-fold decrease
in amylase activity (p < 0.05), by day 60 it increases 1.2 times.
Interestingly, at 20 days after immunization of mice with a
DNA-histones complex, the amylase activity of antibodies
is 2.3 times, while at 60 days 1.4-fold lower than at time
zero. Treatment of mice with a DNA-histone complex leads
to a different change in the differentiation profile of bone
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marrow stem cells than their immunization with MOG. 20
days after treatment of mice with MOG, the amylase activity
of antibodies increases by 2.0 times (p < 0.05) and in 4.7 times
(p < 0.05) in comparison with zero time and 110 days after
spontaneous development of EAE, respectively (Figure 5).

Figure 5
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FIGURE 5. Relative average amylase activity 1gGs of different mice
groups: zero time (3-month-old mice), 20 (20d-SD EAE) and 60 (60d-
SD EAE) days of spontaneous EAE development, 20 (20d-DNA) and
60 (60d-DNA) days after immunization of mice with DNA-histones
complex and 20 days (20d-MOG) after mice treatment with MOG).

DISCUSSION

Different canonical enzymes, including amylases, are
substantially present in various cells (53-59). Their activities
in the blood are mostly low because they quickly lose their
catalytic activities in the blood (64,65). Different IgGs are
stable molecules in the blood; they are usually intact for
several months (66). It cannot be ruled out that abzymes with
amylase activity may play a specific role in the pathogenesis of
autoimmune diseases. This hypothesis is supported by data
on the appearance of antibodies with amylase activity in MRL-
Ipr/lpr mice during their spontaneous and DNA-accelerated
development of SLE (44). In addition, the cerebrospinal fluid
of MS patients contains antibodies, amylase activity of which
is 30 times higher than in the blood of the same patients
(62). Thus, a change in the differentiation profile of stem
cells leads to the appearance in MS patients of bone marrow
lymphocytes, which can efficiently hydrolyze oligosaccharides.
In this study, it was first shown that the blood of EAE mice
contains amylase antibodies, the relative activity of which
changes greatly during the spontaneous development of EAE
from 50 to 150 days of mice life (Figure 4). A comparison of

amylase activity with catalase and micro-RNA-hydrolyzing

activities from 50 to 90 days of mice life is particularly
interesting. The patterns of changes in amylase, catalase, and
micro-RNA-hydrolyzing activities before the immunization of
mice are different (Figure 4). Interestingly, the spontaneous
development of EAE leads to the testable appearance of
DNase, MOG-, MBP, and histones-hydrolyzing activities at 3
months of mice life (90 days), which then gradually (almost
linearly) increase up to 150 days as shown in Figure 4 in the
example DNase activity. From 90 to 150 days of spontaneous
development of EAE, there is an increase in amylase,
catalase, and micro-RNA-hydrolyzing activities, but these
dependencies are not gradual and demonstrate significant
differences (Figure 4). One gets the impression that at about 3
months of mice’s life, significant changes in the differentiation
profile of bone marrow stem cells begin, which lead to the
following development of EAE. However, these changes in the
differentiation profile lead to the appearance of lymphocytes
producing antibodies with DNase, amylolytic, catalase, MBP-
, MOG-, histones-, and micro-RNA-hydrolyzing activities to
some extent at different times. The activity of IgGs with
catalase activity begins to increase significantly only at 100,
while amylase activity after 130 days of mice life (Figure 4).
Interestingly, immunization of mice with DNA-histones
complex and MOG has different effects of changing the
amylase activity of antibodies. There is a significant decrease
in the activity after immunization of mice with DNA-histones
complex, while treatment of mice with MOG leads to an
increase of amylase activity compared to that at zero time
(Figure 5). Interestingly, the maximum level of increase in
various abzyme activities after immunization of mice with
MOG in comparison with that at zero time differed significantly
(-fold): DNase (24.0), MBP- (4.4), MOG-hydrolyzing (5.3) (45),
catalase (57.3) (47), hydrolysis of different micro-RNAs (1.8-
3.1) (48), peroxidase 5.3 (63), and amylase (2.0, Figure 5). The
question arises of how one can explain the appearance of
abzymes with different activities during the spontaneous and
MOG-induced development of EAE.
At first glance, immunization of mice with MOG should lead to
the production of abzymes that hydrolyze MOG. At the same
time, the immunization of mice with MOG and DNA-histones
complex leads to an expanded formation of many different
lymphocytes producing abzymes with at least several of
very different catalytic activities. This may mean that each of
these antigens can change the differentiation profile of bone
marrow stem cells not unambiguously butin several somehow
associated ways. At the same time, the relative number of
lymphocytes producing antibodies with different enzymatic
activities, including their relative activity, may depend both
on the stage of spontaneous and on the used antigens for
acceleration of EAE development. In this regard, it is useful
to note previously obtained data. In the example of mice not
prone to the development of AIDs (CBA and BALB/c), it was
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shown that their immunization with DNA-histones complex
does not change the profile of stem cell differentiation
(44). However, the blood of such mice contains IgGs with
significant DNase activity. Interestingly, their appearance is
not associated with a violation of the differentiation profile
of stem cells and is a consequence of the specific additional
differentiation of bone marrow lymphocytes in different
organs of mice (44). In addition, immunization of these
mice resulted in the appearance of DNase abzymes but no
other potential proteins, nucleotides, and polysaccharide
substrates. Thus, the expansion of substrates for hydrolysis
with antibodies is an exceptional feature of mice predisposed
to the spontaneous development of AIDs. It should be
assumed that the appearance of abzymes with amylase
activity in C57BL/6 mice is also associated with an extended
effect of MOG and DNA-histones complexes on differentiating
bone marrow stem cells.

In principle, Abzs can be formed to different molecules mimic
the transition state of different chemical reactions (1-8). In
addition, in AIDs, anti-idiotypic abzymes can be induced by
enzyme catalytic centers and may also show some of the
characteristics of catalytic activities of parent enzymes (66-
69). Thus, abzymes with catalase activity can be antibodies
against the active centers of catalases of mammalian blood
and cells. MS is at least a two-phase AID (74). The cascade
of several reactions at the first inflammatory stage is very
complex, including different enzymes, chemokines, cytokines,
and many other compounds. The coordinated action of B and
T cells, mediators of inflammation, complement system, and
auto-antibodies leads to the formation of demyelination nidi
and infringement of conductivity. The neurodegenerative
stage of MS appearing later and it is directly associated with
the patient’s neural tissue destruction (74). At different stages
of this pathology development, different types of changes
in the differentiation profile of stem cells and catalases in
complexes with different cells and blood molecules can
induce the formation of antibodies with many different
catalase activities.

CONCLUSIONS

C57BL/6 autoimmune-prone mice are characterized by the
spontaneous and accelerated development of EAE after
their Immunization with MOG and DNA-histones complex
associated with changes in the differentiation profile of bone
marrow stem cells, and production of abzymes with catalase,
peroxidase activity, and hydrolyzing DNA, RNA, MBP, MOG,
and histones. Specific defects-changes in the immune status
of C57BL/6 mice during spontaneous development of EAE also
lead to an increase in the amylase activity of autoantibodies.
Immunization of mice with DNA-histones complex leads to a
decrease while with MOG to increase in amylase activity of

IgGs in comparison with zero time (3-month-old mice).
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