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The level hydrolysis of myelin basic protein (MBP) by IgG in patients with schizophrenia was studied depending on the clinical
features and course of the disease. The patients were grouped according to type of schizophrenia and type of disease course. We
found that IgGs isolated and purified from sera of schizophrenia patients’ blood hydrolyses human MBP, and the level of this
hydrolysis significantly exceeds that of healthy individuals. Detection of protease activity corresponding only to intact IgGs in
polyacrylamide gel fragments, together with data of gel filtration of antibodies under conditions of “acid shock” (concordance of
optical density profile of IgG with profile of MBP-hydrolyzing activity) and with the absence of any other proteins and bands in
gradient SDS-PAGE and in PVDF membrane provides direct evidence that the IgGs from the schizophrenia patients have MBP-
hydrolyzing activity. The antibodies-specific proteolytic activity of patients with acute schizophrenia (1.026 [0.205; 3.372] mg
MBP/mg IgG/h) significantly exceeds the activity of IgG in patients in remission (0.656 [0.279; 0.873] mg MBP/mg IgG/h) and
in healthy individuals (0.000 [0.00; 0.367] mg MBP/mg IgG/h). When comparing the specific activity in patients with different
types of disease course, we have found that patients with a continuous course of paranoid schizophrenia (1.810 [0.746; 4.101mg
MBP/mg IgG/h]) had maximal activity values. It can be assumed that the increase in the activity of MBP-hydrolyzing antibodies
is due to the activation of humoral immunity in acute schizophrenia.

1. Introduction

The interconnection between the nervous and immune
systems has been recognised in recent years but many ques-
tions remain regarding their interactions in schizophrenia.
The idea of an autoimmune component in the pathogenesis
of schizophrenia was first proposed by Hermann Lehmann-
Facius in 1937, and it was further developed by others [1–4].

In schizophrenia, the inhibition of regulatory T-
lymphocytes was revealed, this leading to the activation of
humoral immunity and resulting in the formation of anti-
bodies to various components of the nervous tissue [5, 6]. It
was shown in a BALB/c mouse model that autoantibodies
(Abs) binding neuroantigens in the early stages of ontogeny

promote the occurrence of various structural anomalies in
the nervous system, and this subsequently leads to inhibitory
effect on physical development, training processes, and
memory [7, 8].

Postmortem studies in patients with schizophrenia have
revealed deficits in myelination, abnormalities in myelin gene
expression, and altered numbers of oligodendrocytes in the
brain [9]. Studies in adult postmortem samples using
electron microscopy and histochemistry suggest structural
changes in oligodendroglia cells that produce the myelin
sheath [10, 11], an atrophy of axons, abnormalities of the
myelin sheath surrounding [12, 13], a reduction in myelin
basic protein (MBP) in the anterior frontal cortex in cases
of schizophrenia [14], and a decrease in MBP expression in
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the gray matter of the frontal cortex of patients with schizo-
phrenia [15]. MBP is one of the main protein components
of the central nervous system myelin, and it reflects the
myelin-forming activity of oligodendroglia through a posi-
tive correlation with the number of normal myelin fibres
[16, 17].

Antibodies to MBP in the serum of patients with schizo-
phrenia were found long ago [18]. An increase in the level of
antibodies to neuroantigens, including MBP-antibodies, in
schizophrenia correlates with the severity of clinical symp-
toms [19]. Increased antibody levels are often interpreted as
a breakdown of immune tolerance, causing an autoimmune
response [20]. But at the same time, this may reflect a
hyperactivity of the immune system as part of the etiology
of schizophrenia, in accordance with literature data about
an increase in proinflammatory molecules with increased
immune response in those undergoing both acute psychosis
and chronic schizophrenia [21–23].

The existence of catalytic antibodies (so-called abzymes)
has been known for over 30 years. The ability of immunoglob-
ulins to catalyze many chemical reactions, e.g., hydrolysis of
DNA, RNA, polysaccharides, and proteins has been described.
Abzymes capable of hydrolyzingMBP were found and studied
in detail in multiple sclerosis, systemic lupus erythematosus
[24, 25], and in the serum of autistic children [26].

Recently, we reported an ELISA study showing that titers
of autoantibodies against MBP in patients with schizophrenia
are ~1.8 fold higher than in healthy individuals, but 5.0-fold
lower than in patients with multiple sclerosis. More impor-
tantly, we also reported that such antibodies had abzyme
(catalytic) activity, meaning that they were also capable of
hydrolyzingMBP and its peptides [27]. In this report, we pres-
ent data on the catalytic properties of the MBP-hydrolyzing
abzymes in sera from patients having a more diverse diagnos-
tic profile in comparison with the previous study.

In our previous study, it was shown that the greatest
MBP-hydrolyzing activity is associated with negative symp-
toms and a long course of the disease, which allows us to sug-
gest a connection between the severity of clinical symptoms
and damage of myelin, causing an increase in the level of pro-
teolytic activity of antibodies. Therefore, the purpose of this
study was to investigate the characteristics of MBP proteoly-
sis by serum polyclonal antibody (abzymes) of schizophrenia
patients depending on the clinical features of the disease.

2. Materials and Methods

2.1. Characteristics of the Studied Subjects. In this work, 79
patients (61% males, 39% females) with schizophrenia were
recruited to study the proteolytic activity of their antibodies.
The age of patients varied from 21 to 61 years with a median
36.00 [31.00; 45.00] years. Inclusion criteria were the follow-
ing: paranoid or simple schizophrenia according to the Inter-
national Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10: F20.0 and F20.6),
and the Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID). Exclusion criteria were the following: the
presence of acute or chronic infectious, inflammatory, auto-
immune or neurological diseases, other organic mental disor-

ders, and mental retardation. The schizophrenia diagnosis
was confirmed and verified in accordance with the interna-
tional standard criterion, the psychometric PANSS scale.

The sample was formed from inpatients hospitalized due
to clinical symptoms (hereinafter “acute schizophrenia”) and
outpatients in remission. Of these, 48 patients exhibited signs,
according to ICD-10 criteria, for paranoid schizophrenia
(continuous F20.00, episodic with progressive deficit F20.01,
episodic with stable deficit F20.02) and simple schizophrenia
F20.6. These patients received treatment at the Mental Health
Research Institute TNMRC, Department of Endogenous Dis-
orders (Tomsk, Russia). A total of 31 patients were assigned to
a group with clinical remission (F20.05). Patients with clinical
remission were invited to the study by their doctors of the
Department of Endogenous Disorders. Data on the partici-
pants are presented in Tables 1 and 2.

The level of education of patients was as follows:
higher—25 people (32%), incomplete higher—10 (12%),
secondary special—27 (34%), secondary—17 (22%). Among
the patients in the study sample, the majority were not
married—55 people (70%), 16 (20%) married, 3 (4%)
divorced, 2 (2%) in a civil marriage, and 3 people were
widows (4%). Most patients received second-generation anti-
psychotics in maintenance dosages before admission to the
hospital (olanzapine, 20 patients (25.32%), quetiapine, 24
(30.38%), risperidone, 30 (37.98%), or clozapine, 5 (6.3%)).
They were often nonadherent, and thus were hospitalized
due to exacerbation of symptoms of schizophrenia. Blood
sampling was performed at hospitalization before the admin-
istration of antipsychotic therapy.

All individuals included in the study gave written
informed consent. Ethical approval was granted (protocol
N 78/1.2015) by the Local Bioethics Committee of the Mental
Health Research Institute in accordance with Helsinki ethics
committee guidelines. None of the participants were com-
promised in their capacity/ability to consent; thus, consent
from the next-of-kin was not necessary, and it was not
recommended by the local ethics committee.

The control group consisted of 24 subjects (38% males,
62% females). In this group, age varied from 23 to 53, with
a median 39.00 [29.00; 46.00] years. These control subjects
were mentally and somatically healthy individuals. The
excluding criteria for the controls were the presence of acute
and chronic infectious, inflammatory, autoimmune, or neu-
rological diseases, and organic brain disorders.

2.2. Object of Study. Blood samples were obtained after an
overnight fast from a vein into tubes with a clot activator
(CAT, BD Vacutainer). To isolate the serum, the blood
samples were centrifuged for 30min at 2000 × g at 4°C. The
sera were stored at −80°C until analysis.

2.3. Purification of IgGs. Affinity chromatography on a
chromatographic matrix with immobilized protein G from
group G streptococci is a widely used and effective method
for the isolation of immunoglobulins. Protein G has a high
affinity for the Fc regions of immunoglobulins G. This prop-
erty allows selective elution of components of the immune
complexes (proteins, polysaccharides, nucleic acids) under
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conditions with increased ionic strength or in the presence of
nonionic detergents without destroying the Ig complexes
with protein G [28]. Antibodies from the blood sera of
schizophrenia patients and healthy controls were purified
and analyzed by earlier developed procedures for purification
of electrophoretically and immunologically homogenous IgG
preparations from human blood serum [29, 30]. The proce-
dure included affinity chromatography of serum proteins
on Protein G-Sepharose, followed by high-performance gel
filtration on a Superdex-200 HR 10/30 column. Quantitative
elution of IgG was carried out using an acid buffer with a pH
of 2.6, after which the resulting sample was immediately
neutralized.

2.4. SDS-PAGE Analysis of Proteins. Electrophoretic separa-
tion of proteins according to the Laemmli method [31] was
used to analyze the homogeneity of antibodies as well as to
analyze the products of hydrolysis of MBP by Abs. The
concentrating gel contained 4% acrylamide (AA: Bis-AA
ratio = 30 : 1), 125mM Tris-HCl, pH6.8, and 0.5% SDS.
The separating gel contained 5-20% AA, 375mM Tris-HCl,
pH8.8, and 0.4% SDS. The protein preparations were incu-
bated in buffer containing 50mM Tris-HCl, pH6.8, 2%
SDS, 10% glycerol, 0.025%, and bromophenol blue at 100°C
for 1min and then applied to the gel. The electrophoresis
was performed at the current 15-20 A. Homogeneity of the
Abs was tested in 4–15% gradient gels (0.1% SDS). The
polypeptides were visualized by silver or Coomassie R250
staining and by Western blotting on a nitrocellulose mem-
brane [32]. The gels were imaged by scanning and quantified
using the Image Quant 5.2 program.

2.5. FPLC Gel Filtration under “Acid Shock” Conditions.
Acidic pH of the medium allows dissociation and subsequent
separation of all components of immunocomplexes consist-
ing of immunoglobulins and their associated antigens.
Electrophoretically homogeneous preparations of IgG were
preincubated in glycine buffer (pH2.6) followed by gel
filtration in the same buffer (acid shock). The IgG was
separated by high-performance gel filtration on a Superdex
200 HR column equilibrated with 50mM glycine-HCl
(pH2.6) containing 0.1M NaCl (buffer B) using Akta Pure
chromatography (GE). The IgG samples (150μl, 20mg/ml)
were preincubated with 50μl of buffer B; then, the high-
performance gel filtration was performed at 22°C. The
resulting fractions were immediately neutralized with 1M
Tris-HCl buffer (pH8.8). The eluate was sequentially
collected in individual tubes (Eppendorfs) at a volume of
1ml. Each tube with 1ml of antibody preparation is a
separate fraction of the IgG preparation. The concentration
of IgG preparations was determined at a wavelength of λ =
280 nm, in quartz cuvettes with 1 cm optical path length
against a buffer in which IgG was dissolved on an Eppendorf
BioPhotometer (Germany) single-beam spectrophotometer.
After one week of storage at 4°C for refolding after the acid
shock, the IgG was used in activity assays as described below.

This work was performed at the laboratory of Repair
Enzymes of the Institute of Chemical Biology and Fundamen-
tal Medicine at the Siberian Branch of the Russian Academy of
Sciences in Novosibirsk under the guidance of V. Buneva.

2.6. In Situ Proteolytic Activity Assay. This approach gives an
indication of the enzymatic activity of a specific fragment of a

Table 1: Demographic and clinical characteristics of schizophrenia patients and healthy control subjects.

Healthy control
subjects

Patients with acute
schizophrenia

Patients with schizophrenia in
remission

p value Mann–Whitney
U test

Number 24 48 31 NS

Age median (IQR) 39.00 [29.00; 46.00] 38.00 [30.00; 46.00] 35.00 [31.00; 44.00] NS

Male/female 9/15 12/28 16/15 NS

Duration of disease, years
median (IQR)

12.50 [6.00; 17.00] 15.00 [10.00; 18.00] NS

PANSS total score 89.00 [80.00; 105.00] 54.50 [52.00; 59.00] 0.0001
∗NS: nonsignificant between the group of healthy control subjects and different groups of patients р = 0:0001 between the groups of patients with acute
schizophrenia and patients in remission.

Table 2: Demographic and clinical characteristics of patients with different types of schizophrenia.

Subgroups of
patients with
schizophrenia

Continuous course of
schizophrenia

Episodic course of
schizophrenia with
progressive deficit

Episodic course of
schizophrenia with stable

deficit

Simple
schizophrenia

p value
Kruskal–
Wallis test

Number 12 12 12 12 NS

Age median (IQR) 34.00 [32.00; 54.00] 39.00 [38.00; 46.00] 39.00 [34.00; 41.00] 34.00 [26.00; 45.00] NS

Male/female 4/7 3/8 2/7 3/6 NS

Duration of disease,
years median (IQR)

14.00 [13.00; 20.00] 13.00 [6.00; 17.00] 11.00 [5.00; 12.00] 8.00 [5.00; 17.00] NS

PANSS total score 100.00 [87.00; 116.00] 83.00 [74.00; 98.00] 76.00 [65.00; 81.00] 92.00 [84.00; 111.00] 0.0381
∗NS: nonsignificant; p value for multiple comparisons with Kruskal–Wallis test including all groups of patients.
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gel or a specific protein band. One of the options for this
approach is to determine the activity of enzymes in the elu-
ates of various fragments of the gel. After standard SDS-
PAGE of IgGs, to restore the MBP-hydrolyzing activity of
IgGs, SDS was removed by incubation of the gel for 1 h at
300 C with 4M urea and washed 10 times (7-10min) with
H2O. Then 2-4mm cross-sections of longitudinal slices of
the gel were cut up and incubated with 50μl of 50mM
Tris-HCl, pH7.5, containing 50mM NaCl for 6-7 days at
40°C to allow protein refolding and eluting from the gel.
The solutions were removed from the gels by centrifugation
and used for assay of MBP hydrolysis as described below.
Parallel control longitudinal lanes were used to detect the
position of intact IgG as well as its light and heavy chains
after Ab reduction on the gel by silver staining.

This work was performed at the laboratory of Repair
Enzymes of the Institute of Chemical Biology and
Fundamental Medicine at the Siberian Branch of the Russian
Academy of Sciences in Novosibirsk under the guidance of
V. Buneva.

2.7. Proteolytic Activity of Immunoglobulin G Fractions
Purified from Serum. The purified IgG was tested for MBP-
hydrolyzing activity with MBP isolated from human brain
tissue. The MBP was obtained from the Department of
Biotechnology, Research Center of Molecular Diagnostics
and Therapy (Moscow). The reaction mixture (10-40μl) for
analysis of MBP-hydrolyzing activity of IgG contained IgG
in concentration 0.2mg/ml, 20mM Tris-HCl (pH7.5), and
0.2-0.7mg/ml MBP. The products of MBP cleavage were
analyzed in 4-15% or 12% SDS-PAGE as described earlier
in Section 2.5. All quantitative measurements (initial rates)
were taken under pseudo-first-order conditions of the
reaction within the linear region of Abs concentrations, of
the time courses (1-24 h), and the formation of products
(15-40% of MBP hydrolysis). The catalytic activity of the
IgG in the cleavage of MBP was estimated from the decrease
in the intensity of the Coomassie-stained MBP band after
electrophoresis. Differences in the hydrolysis levels of MBP
incubated in the absence and in the presence of IgG were
used to correct the values. Quantitative evaluation of proteins
was estimated using the Image Quant 5.2 program. The activ-
ity of the Abs is expressed in units of specific enzyme activity
as the quantity of substrate cleavage by 1mg Abs per/h.

2.8. Statistical Analysis. Statistical analyses were performed
with Statistica 10.0 software for Windows. The data were
checked for normal distribution using the Shapiro–Wilk W
test. Most of the sample sets did not meet the normal Gauss-
ian distribution. For this reason, the differences between IgG
samples of different groups were estimated using the Mann–
Whitney test and the Kruskal–Wallis Test; a difference was
considered statistically significant at p < 0:05. The median
(M) and interquartile ranges (IQR) were estimated.

3. Results and Discussion

In this study, we analyzed Abs (IgGs), having MBP-
hydrolyzing activity, purified from sera of patients with

schizophrenia and healthy controls. The important tasks of
our work with catalytic antibodies were to show that the
studied activity belonged to the antibodies, but not to
simultaneous-obtained competing proteases. It was proven
that checking the three most stringent, indicative, and
reliable criteria is sufficient to unambiguously conclude that
the studied catalytic activity belongs to isolated antibodies.
The efficiency of substrate hydrolysis by antibodies belonging
to different subclasses may be different. Given this, we
decided to study the content of IgG subclasses with proteo-
lytic activity in the groups of schizophrenia patients.

3.1. Application of Strict Criteria for IgGs with Proteolytic
Activity. Several strict criteria were tested to show that
detected catalytic activity belonged to the antibodies:
purification of Abs on sorbent with affinity to IgG,
electrophoretic homogeneity of antibodies in SDS-PAGE,
gel filtration chromatography of Abs under conditions of
dissociation of immune complexes (pH shock analysis),
and proteolytic activity in situ. It turned out that checking
of these most stringent, indicative, and reliable criteria is
sufficient to unambiguously conclude that the studied
catalytic activity belongs to the Abs. These criteria for
checking the presence of catalytic activity in antibodies are
generally accepted and are used by various independent
research teams [26, 28, 33–36].

Based on the specific binding of isolated IgG to Pro-
tein G-Sepharose sorbent, the catalytic activity of IgG is
directly shown.

The isolated IgG preparations were electrophoretically
and immunologically homogeneous in accordance with
silver staining and immunoblotting after separation in gradi-
ent SDS-PAGE and transferred to the PVDF membrane.

The homogeneity of the 150 kDa IgG was confirmed by
4-18% SDS-PAGE, which showed a single protein band
corresponding to the molecular mass of IgG (Figure 1(a)).
The electrophoretic mobility of usually low molecular mass
canonical proteases (24-25 kDa) cannot coincide with that
of intact IgG (150 kDa). A major band 150 kDa correspond-
ing to the whole IgG molecule consisting of two light and
two heavy chains (H2L2) is visible (lane 1), also after incuba-
tion with 10mM DTT (membrane stained with silver) bands
corresponding to the light chain (25 kDa) and heavy chain of
IgG (50 kDa) (lane 2).

Western blot analysis (Figure 1(b)) reveals additional
bands—oligomeric forms of IgG of H2 composition. Partial
decomposition of the Abs into their subunits L and H2
subunits in the presence of SDS is due to disulfide exchange
[37]. Since the IgG molecule has two disulfide bonds between
heavy chains and only one covalent bond is formed between
the L and H chains, the probability of separation of the light
chain from the IgG molecule in the presence of a denaturing
agent is theoretically higher than the formation of HL dimers.
Only in the IgG4 subclass, whose share is 3–4% of the total
IgG pool, one S-S bond is formed between the heavy chains,
and it is characterized by high lability [38].

Thus, in the SDS-PAGE analysis of the total IgG prepara-
tion, all oligomeric forms can be observed as minor compo-
nents: H2L, HL, and H2, as well as the free L chain. The
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mobility of the light chain decreases after the restoration of
intra-chain S-S bonds, which is explained by the complete
unfolding of the polypeptide chain and a decrease in its
compactness. We also present an analysis of the electropho-
retic homogeneity of IgG in several schizophrenic patients
with silver stain (Figure 2).

One of the most important criteria for attributing the
activity to Abs is gel filtration of the Abs under acidic
conditions, where noncovalent complexes are dissociated.
Electrophoretically homogeneous preparations of IgG were
preincubated in glycine buffer (pH2.6) followed by gel filtra-
tion in the same buffer (acid shock). After the gel filtration,
we obtained 25 fractions of one IgG preparation with differ-
ent antibody concentrations. To assess the level of antibody
activity in MBP hydrolysis, we took the fraction correspond-
ing to the peak of the chromatogram. Standard reaction
conditions used with high-performance gel filtration of the
IgGs under acid-shock conditions (pH2.6) demonstrated
the concordance of the optical density profile (λ = 280 nm)
with the profiles of the MBP-hydrolyzing activity, which is
another indication of the studied activity being due to the
IgGs (Figure 3).

In addition, we present the results of the determination of
proteolytic activity in situ. To exclude possible hypothetical
traces of contaminating canonical proteases, the IgG
preparations were separated by SDS-PAGE, and their MBP-
hydrolyzing activity was detected after extraction of the pro-

teins from the separated gel slices only in the IgG band, while
the other gel fragments were catalytically inactive (Figure 4).
The electrophoretic mobility of usually low molecular mass
canonical proteases (24–25 kDa) cannot coincide with that
of intact IgGs (150 kDa).

Therefore, the detection of protease activity in the gel
fragments corresponding only to intact IgGs (Figure 4)
together with data of gel filtration of the Abs under acid-
shock conditions (Figure 3) and with the absence of any other
proteins and bands (Figures 1 and 2) provides direct evidence
that the IgGs have MBP-hydrolyzing activity.

3.2. Аnalysis Of the Product Profile of MBP Hydrolysis by
Antibodies of Patients with Schizophrenia. Various molecular
products are formed during the MBP hydrolysis by the
catalytic IgG of schizophrenia patients. The MBP hydrolysis
was accompanied by the appearance of new bands of MBP
products that are not represented in the control in the
molecular weight regions corresponding to 16.0 kDa,
14.3 kDa, 12.7 kDa, 11.5 kDa, 10.7 kDa, 9.7 kDa, and 7.4 kDa
(Figure 5). A change in the color intensity of the bands
represented in control was detected: in the area of molecular
weight 18.5 kDa—a decrease in color intensity and band size;
in the area of molecular weight 13.5 kDa and 12.8 kDa—an
increase in color intensity and band size.

The spectrum of MBP hydrolysis products depended on
the level of IgG activity. High activity IgGs were character-
ized by the formation of numerous low molecular weight
products that were located in the 13.5-7.0 kDa region.
MBP-products profile after hydrolysis by antibodies with
medium or low activity was characterized by products with
a molecular weight of 18.5-12.0 kDa. Thus, highly active anti-
bodies almost completely hydrolyzed the band of intact MBP
with an isoform of 18.5 kDa (the main isoform of this protein
for humans). While in electrophoretic tracks corresponding
to antibodies with medium or low activity, the band
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Figure 1: Analysis of homogeneity of IgG preparations using SDS-
PAGE in 5–18% gradient gel and Western blot. (а) Silver staining:
IgG preparation before (lane 1) and after (2) incubation with
10mM DTT (membrane stained with silver). (b) Western blot
analysis after incubation with horseradish peroxidase conjugates
with rabbit anti-H IgG: 1 and 2, before and after incubation with
10mM DTT, respectively. (c) Western blot analysis after incubation
with a horseradish peroxidase conjugates with rabbit anti-L IgG: 1
and, 2 before and after incubation with 10mM DTT, respectively.
М—protein molecular mass markers.
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Figure 2: Analysis of homogeneity of IgG preparations after SDS-
PAGE in a 5–18% gradient gel and silver staining. Lines 1-7—IgG
of different schizophrenia patients; М—protein molecular mass
markers.
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Figure 3: (a) Gel filtration of IgG on a Superdex 200 column in acidic buffer (pH 2.6) after preincubation of the Abs in the same buffer: (—).
absorbance at 280 nm (A280) that reflects the content of IgG; (■). Relative activity (RA. %) of IgGs in the hydrolysis MBP. The complete
hydrolysis of MBP for 5 h was taken for 100%. (b) Electrophoretic analysis in gradient PAGE (4.5–15%) of the fraction corresponding to
the central part of the peak (Figure 2(a)) before (line 1) and after (line 2) incubation with a reducing agent (10mM DTT). Line 3—protein
molecular mass markers.
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Figure 4: (a) Graph of MBP-hydrolyzing activity of extracts from various gel fragments after SDS-PAGE of an IgG preparation. (b)
Electrophoretic analysis of IgG protein. Assay of MBP-hydrolyzing activity of purified IgG after SDS-PAGE in 4–15% gradient gel; the gel
was incubated under special conditions for renaturation of the Abs. The relative proteolytic activity (RA. %) was revealed using extracts of
many 2–3mm fragments of one longitudinal slice of the gel. The RA of IgG corresponding to complete hydrolysis of 0.5mg/mL MBP
after incubation for 24 h with 10μl of the extract was taken for 100%. The average error in the initial rate determination from three
experiments did not exceed 10–15%. The second set of control longitudinal slices of the same gels corresponding to IgGs before (lane 1)
and after (lane 3) incubation with DTT was stained with silver. Lane 2 shows the position of molecular mass markers. The IgG—band is
in the region of 150 kDa, which corresponds to the native IgG; the H—band is in the region of 50 kDa, which corresponds to the heavy
chains of IgG after incubation with DTT; the L—band in the region of 25 kDa, which corresponds to the light chains of IgG after
incubation with DTT.
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18.5 kDa remains clearly visible. For this reason, the activity
level of catalytic IgG was assessed by the reduction of the
color intensity of the bands in the region of 18.5 kDa.

Thus, the spectrum of products of the reaction of hydro-
lysis of MBP is extremely variable from person to person.

3.3. Proteolytic Activity of Autoantibodies to MBP in Sera of
Schizophrenia Patients. We evaluated the proteolytic
activities of polyclonal antibodies to MBP in the sera of
schizophrenia patients. After incubation of MBP with IgG,
the proteins were separated using gel electrophoresis and
analyzed. The reaction conditions and the detection of the
hydrolysis products are described in Section 2.

Analysis of our data showed that most patients had
significant activity, while IgG from healthy controls had
almost no such activity. Furthermore, the level of Abs activity
was different depending on the type of the disease course.

Our results demonstrate that the specific anti-MBP IgGs
from patients with schizophrenia catalyze the hydrolysis of
MBP. The IgGs with the highest proteolytic activity are
present in the analyzed serum samples of patients with acute
schizophrenia, and the activity was twice higher than in
patients in remission and significantly higher than in IgGs
from healthy controls (Table 3). Thus, we conclude that the
level of MBP hydrolysis by IgG of the schizophrenia patients
decreased simultaneously with a decrease in the severity of
their clinical symptoms. This was confirmed by their PANSS
scores.

Comparison of MBP-hydrolyzing activity in IgGs using
the Mann–Whitney U test showed the greatest difference
between the groups of healthy controls and patients in acute
schizophrenia (p = 0:000009); between healthy individuals
and schizophrenia patients in remission (p = 0:000037); and

between patients in the acute phase and patients in remission
(p = 0:000127) (Figure 6).

Comparison of the level of MBP-hydrolyzing activity of
Abs in groups with paranoid schizophrenia (median [Q1;
Q2] 1.042 [0.123; 4.156] mg MBP/mg IgG/h) and simple
schizophrenia (0.630 [0.309; 2.05] mg MBP/mg IgG/h)
revealed no significant differences (p = 0:334).

A more detailed analysis of the MBP-hydrolyzing activity
of patients with paranoid schizophrenia revealed that the
activity differs significantly depending on the type of disease
course (Table 4).

All groups of paranoid schizophrenia with different
courses and simple schizophrenia also showed significant
differences from the control group (Table 5).

Thus, the highest activity was found in patients with the
continuous course of schizophrenia (median: 1.810mg
MBP/mg IgG/h), which differed significantly from that in
patients in remission (p = 0:000729; Mann–Whitney U test)
and in controls (р = 0:000038; Mann–Whitney U test). This
result also coincided with the maximum PANSS score in
patients with the continuous course of schizophrenia.

Multiple lines of evidence now suggest damage to
oligodendroglia and myelin in schizophrenia patients. This is
confirmed by genetic, morphological, immunohistochemical,
and neuroimaging studies. Expression levels of a number of
myelin-related genes were significantly downregulated in
schizophrenic brains including myelin-associated glycoprotein
(MAG), CNP, myelin and lymphocyte protein (MAL), gelsolin
(CSN), ErbB3 (also called HER3), and transferrin [39–46]. It is
known that MBP reflects the myelin-forming activity of
oligodendroglia through a positive correlation with the
number of normal myelin fibers [16, 17]. Postmortem studies
show a decrease in the expression of MBP mRNA and protein
levels in various regions of the brain [10, 11, 14]. Morpholog-
ical studies also demonstrate ultrastructural anomalies of
myelin fibers in schizophrenia patients according to studies
on postmortem autopsy samples of the brain [12, 13]. These
changes were most pronounced in the prefrontal cortex and
reliably correlated with the degree of expression in the caudate
nucleus and hippocampus. A decrease in the density of white
matter oligodendrocytes in the postmortem frontal cortex
was described for a small sample group of elderly schizophre-
nia patients, but myelin protein expression was not quantified
for white matter [47]. Data of neuroimaging studies suggest
that white matter abnormalities are present even before the
onset of the illness but may be a stable characteristic of the
disease. Changes in brain structure might be formed immedi-
ately after the first episode of schizophrenia and increase with
the course of the disease [48–52].

Antibodies toMBP and an increase in theMBP level were
detected in cerebrospinal fluid (CSF) and serum of patients
with schizophrenia [53]. However, the total level of immuno-
globulin G in both CSF and peripheral blood of patients with
schizophrenia was not always found to be different from that
in healthy individuals, and sometimes it was found to be
lower than in healthy individuals [54, 55]. In studies with
experimental animals, it was noted that autoantibodies bind-
ing neuroantigens in the early stages of ontogenesis contrib-
ute to the formation of various structural anomalies in the
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Figure 5: Electrophoretic analysis of MBP-hydrolyzing activity of
IgG in SDS-PAGE 12.5% gel: 1-5 products profile of MBP-
hydrolysis by individual IgG of patients with schizophrenia (line
1,4—low and medium rate of MBP-hydrolyzing activity; line
2,3,5—high rate of MBP-hydrolyzing activity); 6—control: MBP
incubated without IgG; 7—protein molecular mass markers.
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nervous system and subsequently lead to a violation of the
behavior of young animals. Thus, a high level of antibodies
to nerve growth factor in the blood of pregnant females has
a pronounced inhibitory effect on the learning process and
significantly increases the threshold of pain sensitivity in
the offspring [8, 56, 57]. Considering the data on the penetra-
tion of immunoglobulins through the blood-brain barrier in
autoimmune disorders [58, 59] and the detected BBB hyper-
permeability in schizophrenia [60], this phenomenon can be
explained by the fact that MBP stimulates the synthesis of
antibodies to myelin components. Also, it is generally
accepted that the detection of MBP in blood is indicative of
impairment of myelination in the brain, but the reason for
this is not established.

Our results demonstrate that IgGs from schizophrenia
patients catalyze the hydrolysis of MBP, and this activity is
significantly higher than in control subjects. We have found
that the activity differs significantly depending on the type
of the disease course, particularly patients with paranoid
schizophrenia and continuous course of schizophrenia dem-
onstrated the highest activity (1.810mg MBP/mg IgG/h),

which was significantly different from that in patients in
remission and the control. Signs of continuous course are
expressed in the regular development, complication, and
deterioration of symptoms as the disease progresses, which
affects the immunological reactivity of the organism on the
whole. Our data suggest that in patients with a continuous
course of schizophrenia, the violation of myelination is
perhaps more pronounced.

According to the results of our colleagues from the Labo-
ratory of Clinical Psychoneuroimmunology, specific features
of dysregulation of the immune system in patients with
schizophrenia were identified. Suppression of the T-cellular
immune response (decrease CD2+, CD3+, CD4+, CD16+
subtypes of T-lymphocytes) and activation of humoral immu-
nity (increase in levels of circulating immune complexes, IgM
levels, and B-lymphocytes), a disturbance of cytokine produc-
tion was revealed [61]. It should be noted that patients with a
continuous course of schizophrenia have more pronounced
changes in their immune system. In particular, they have
simultaneous activation of Th1 and Th2 cytokines with the
dominance profile of the Th1-cell-response pathway [62].
Thus, we assume that the proteolytic activity of Abs in MBP
hydrolysis demonstrates the course of autoimmune reactions
in patients with a continuous course of schizophrenia. Accord-
ing to recent studies, the immunological basis of schizophrenia
is like that of chronic inflammation [63–66]. Proteolytic IgG in
patients with schizophrenia can also play a positive role by
hydrolyzing MBP as a potential immunogen in peripheral
blood, since in some other diseases, catalytic antibodies can
perform a protective function by hydrolyzing pathological
proteins [67–70].

Since we cannot completely exclude the effect of antipsy-
chotic drugs in our study, we must consider their potential
impact on the immune response and catalytically activity.
Clinical trials of risperidone have shown that the drug can
reduce circulating levels of IL-1β in patients with schizophre-
nia, as well as increase the levels of neurotrophin BDNF [71].
Risperidone, clozapine, and haloperidol have a positive
correlation with improved clinical symptoms of schizophre-
nia and decreased levels of circulating IL-2, IL-6, IL-18,
IFN-γ, and TNF-α [72–74]. Haloperidol treatment inhibits
the immune response by suppressing NF-κB signaling via
the dopamine D2 receptor and inhibition of proinflamma-
tory cytokine release [75, 76]. Moreover, according to the
results of our study, proteolytic activity was maximal before
the prescription of antipsychotic therapy and decreased after
drug treatment in the remission group. Thereby, we suggest it
is unlikely that the induction of catalytic activity is caused by
the antipsychotics.

Table 3: MBP-hydrolyzing activity levels in IgGs from schizophrenia patients and healthy control subjects.

Healthy control subjects, median
[Q1-Q4] mg MBP/mg IgG/h

Patients with acute schizophrenia,
median [Q1-Q4] mg MBP/mg IgG/h

Patients with schizophrenia in remission,
median [Q1-Q4] mg MBP/mg IgG/h

p value
Kruskal–
Wallis test

N = 24 N = 48 N = 31
0.00 [0.00; 0.24] 1.026 [0.205; 3.372] 0.656 [0.279; 0.873] 0.0001∗

∗p value from multiple comparisons with Kruskal–Wallis test including all groups of patients and healthy control group; p significant at <0.05.
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Figure 6: Levels of proteolytic activity in hydrolysis of MBP
corresponding to IgG from sera of patients with acute
schizophrenia, patients in remission, and healthy individuals; (—)
median of catalytic activity; (between-group differences: ∗p =
0:000009; ∗∗p = 0:000127; ∗∗∗p = 0:000037 (by the Mann–
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4. Conclusions

Our results demonstrate that IgGs from schizophrenia
patients catalyze the hydrolysis of MBP, and this activity is
significantly higher than IgGs from control subjects. We
found that the activity level differs depending on the type of
the disease course, particularly in patients with paranoid
schizophrenia with continuous course demonstrating the
highest activity level (1.810mg MBP/mg IgG/h), which sig-
nificantly exceeded the activity level in patients in remission
and control. Thus, we suggest that patients with a continuous
type of schizophrenia have a more pronounced violation of
the myelination in brain structures. This reflects the peculiar-
ity of the immunological reactivity of the organism as a whole
of the continuous type of schizophrenia.
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