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ABSTRACT

Introduction. Associations of disturbances in innate and adaptive immunity during the clinical course
of schizophrenia have been found in a number of studies. Yet, the relationship of immune parameters and
systemic inflammation in relation to the clinical course of the disease and its prognosis, remains poorly understood,
which highlights an interesting topic for further research. The goal of this study was to research the immuno-
inflammatory changes in patients with clinical continuous and episodic paranoid schizophrenia, to assess the
pathogenetic significance of these changes.

Methods. Thirty-six patients with paranoid schizophrenia, of which 20 had episodic symptoms and 16 had
continuous symptoms, consented to participate in the study, together with 30 healthy volunteers. In the study we
assessed the parameters of innate immune response (serum levels of key pro-inflammatory and anti-inflammatory
cytokines, C-reactive protein) and the adaptive immune response, including humoral-mediated immunity (serum
immunoglobulins IgA, IgM, 1gG, circulating immune complexes), as well as the cell link of adaptive immunity
(key lymphocyte subpopulations). Positive and negative symptoms were assessed with the positive and negative
symptoms scale; frontal dysfunction was assessed by Frontal Assessment Battery (FAB).

Results. Both patient groups had higher than normal levels of C-reactive protein and IL-8. There was a significant
elevation of circulating immune complexes among patients with continuous symptoms of schizophrenia, compared
to patients with episodic symptoms and healthy controls. Levels of CD45+CD3+ lymphocytes (T-cells) differed between
clinical groups, with higher values identified among patients with episodic symptoms and lower values among
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those with continuous symptoms. In addition, patients with episodic symptoms had significantly increased levels
of CD45+CD3+CD4+CD25+CD127- regulatory T-cells. Finally, the level of CD45+CD3-CD19+ B-cells was significantly
higher among patients with continuous symptoms vs. patients with episodic symptoms and the control groups.
Markers of activation of humoral immunity were associated with the severity of frontal disorders in these patients.

Discussion. Comprehensive data on the serum level of cytokines and the parameters of adaptive immunity among
individuals with continuous schizophrenia, by comparison with patients with episodic schizophrenia, are practically
absentin the literature. We have shown that among those with continuous schizophrenia, there are signs of systemic
inflammation and chronic activation of the adaptive humoral immune response, while among patients with episodic
symptoms of the disease, there are signs of systemic inflammation and certain activation of cell-mediated immunity,
without significant changes in the humoral link of adaptive immunity.

Conclusion. More studies are needed, but the data obtained in this study are important for subsequent clinical
studies of new treatment methods, based on various immunophenotypes of schizophrenia.

AHHOTAL VA

O6ocHoBaHMe. B page nccnesoBaHNii 6bIan BbiiBAEHb! HAPYLLEHNS BPOXAEHHOTO 1 MPUOBPETEHHOIO MMMYHUTETA
Ha Pas3NYHBIX KNWHNYECKMX CTaanax LWn3odpeHnn. TeM He MeHee CBS3b UMMYHHbIX MapaMeTpPoB U CUCTEMHOTO
BOCMa/IeHNS C KIVHWUYECKMM TeYeHeM 3ab0neBaHNs 1 ero NPOrHo30oM OCTaéTcs MaNon3yyYeHHON, YTO yKkasbiBaeT
Ha BeCcbMa MepCcreKkTVUBHYH Temy AN AaNbHENLWVX nccnefoBaHui.

U'eﬂl:. OLI,eHKa naToreHeTUYeckom 3Ha4YMMOCTI MMMYHOBOCMaINTENBbHbIX VN3MEeHEeHNN y 60/IbHbIX C pasnnyHbIM
(a3nmn3ognyecknm nan Hel'lpeprBHbIM) KINMHN4YeCKNM TeHeHNneM napaHomp,Hon LIJVIBOq)pEHVIVI.

MaTepuan v meTopbl. BrccnefosaHnm NpUHAAM yyacTe 36 NaLmMeHTOB, CTPAAAoLLIMX MapaHOWAHON Win3odpeHner,
13 H1X 20 C 3Nn30ANYeCcKM TeueHneM, 16 — c HenpepbiBHbIM, 1 30 340PpOBbIX 406POBO/LLEB. B X04€e nccneaoBaHms
OLleHMBaNNCb NapaMeTpbl BPOXAEHHOMO (YPOBHW K/HOYEBbLIX MPOBOCMAIUTE/IbHBLIX N NMPOTMBOBOCMANINTENbHbIX
LMTOKNHOB, C-peakTBHOro 6e/ka B CbIBOPOTKE) U MPUOBPETEHHOrO IMMYHHOrMO OTBETA, B TOM YM1C/Ie N'yMOPaiibHOro
(ypoBHWU IgA, IgM, 12G, LMPKYANPYIOLLIX MMMYHHbIX KOMMIEKCOB B CbIBOPOTKE) 1 KJIETOUHOTO (K/IHoUeBble Cybrnonynsaumm
NMMOOLMTOB) 3BeHa afanTMBHOINO VMMMYyHUTETa. BblpaXKeHHOCTb MO3UTUBHOW W HeraTMBHOW CMMMATOMAaTUKM
oueHMBanacb C MOMOLLBIO LUKaAbl OLEHKM MO3UTUBHbBIX U HeraTMBHbIX CMMMTOMOB, BbIPaXEHHOCTb JIOOHOW
ANCOYHKLMM — C MOMOLLbIO TecTa «baTapest NO6HOW ANCHYHKLNMN».

PezynbTaTel. Obe rpynnbl NauMeHTOB VIMeNn NoBblLLeHHble ypoBHU C-peakTnBHOro benka u IL-8. Habnoganocs
3HaUMTENbHOE MOBbILLEHME YPOBHSA LMPKYIMPYHOLUNX UMMYHHbIX KOMMAEKCOB Y 60MbHbBIX C HemnpepbIBHbIM
TeyeHVemM NapaHOUAHON LWN30PPEHNN B CPAaBHEHNN C 3MN304NYECKM TeYEHNEM N KOHTPOABHOW rpynmnoin. YpoBHU
CD45+CD3+ numdounToB (T-KNeTKM) pasnnyannce Mexay KAMHUYeCKUMI rpynnamMm naLyeHToB, Npn 3ToM bonee
BbICOKME 3HaYeHVA Habo4annce NPy aNN30ANYECKOM TeveHUK, a bosiee HU3KMe — Npu HernpepbiBHOM. Kpome
TOrO, y NaumMeHToB C 3NN304NYECKNM TeYeHeM 3HaUMNTeIbHO MoBbIlancs yposeHb CD45+CD3+CD4+CD25+CD127-
perynsTopHbix T-TMM$OLNTOB, B TO BpeMs Kak KOHLeHTpauus CD45+CD3-CD19+ B-kneTok 6bla1a 3HaYMTeNbHO BblILLe
y 60/IbHBIX C HEMPepPbIBHBIM TeYeHeM, NPy 3TOM YPOBEHb MapKepOoB akTVBaLMM NYMOPabHOrO UIMMYHUTETa B 3TOM
rpynne KOppeanpoBan C BblPaXeHHOCTb N06HOM ANCHYHKLNN.

O6cy)penme. B oCTynHON nuTepaType NpakTUYecky OTCYTCTBYHOT pesy/bTaTbl UCCNeA0BaHWI No N3yYeHUto
cofepXaHnsi LMTOKMHOB B CbIBOPOTKE W MapaMeTpoB ajanTVMBHOrO MMMyHUTETa MpU HemnmpepbiBHOM TeUYeHUM
LUN30PPEHNN B CPABHEHWN C INMN304MYecKUM. B NpeacTaBneHHoOM paboTe nokasaHo, Y4To Npy HenpepbiBHOM Te4eHMM
W3odpeHnn HabnAATCA MPU3HAKM CUCTEMHOMO BOCMANEHUS N XPOHNYECKOW akTUBaLMW 'yMOPasibHOro 3BeHa

20 Consortium Psychiatricum | 2021 | Volume2 | Issue 1



aZanTBHOIo MMMYHHOTIO OTBETa, B TO BpeMA KaK NMpu ann3ogn4eCckomMm Te4eHNN — NpU3sHakn CMCTeMHOro BoCcnaneHna

n HEKOTOpOVI aKTnBaUM KNeTOYHOIo 3BeHa 6e3 CyeCTBeHHbIX N3MEHEHUN r'yMmopa/sibHOIro OTBeTa.

3aiouenmne. laHHble, NONyYeHHble B PaMKaX NpeACcTaBneHHOoR paboThbl, BaXHbI 419 MOCNeAYHOLLUMX KINHUYECKNX

VICC)'Iep,OBaHVIVI HOBbIX METOA0B /ieHeHUA, OCHOBAHHbIX Ha Pa3/IMYHbIX MMMyHO¢EHOTMHaX LIJI/I30¢pEHVII/I.

Keywords: adaptive immunity; cytokines, inflammation; innate immunity; schizophrenia.

KnioueBblie cnoBa: npuo6pemeHHb/L7 uMmyHumem, YumokuHsl; eocnasieHue,; G,OO)KaEHHbllj umMmMmyHuUmem,

wu3oppeHus.

INTRODUCTION

Schizophrenia is a polymorphic mental illness,
characterized by disorders of thinking, perception,
impairments of memory, attention and executive
functions. The prevalence of schizophrenia in Russia
is around 1%, with most cases among young adults (peak
incidences occur between the ages of 15 and 35). The
socio-economic burden, associated with schizophrenia,
is determined by a high percentage of disability and by
high costs of treatment and maintenance.’

Signs
excessive activation of microglia and astrocytes, are found
in schizophrenia.? According to the “mild encephalitis”

of neuroinflammation, including chronic

hypothesis, low intensity neuroinflammation is a key
pathogenetic mechanismin some patients.2Itis suggested
that neuroinflammation in schizophrenia can be
attributed to infectious, autoimmune and traumatic
factors, but its exact causes remain unknown.?4

A series of evidence is being discussed relating
to the role of systemic inflammation in the pathogenesis
of schizophrenia.35'° There is a hypothesis that one of the
leading components of the pathogenesis of this disease
isimmune dysfunction, associated with an increased risk
of infections and autoimmune disorders (Figure 1). It has
been shown that patients with schizophrenia have higher
rates of exposure to pathogens such as toxoplasma
gondii, cytomegalovirus and the human herpesvirus
type 6. Patients with schizophrenia have an elevated
risk of death from infectious diseases compared
to controls, and a history of autoimmune disease
has been associated with a 45% increase in the risk
of developing schizophrenia. 41114

The role of immune disorders in the pathogenesis
of schizophrenia is supported by epidemiological and
molecular biological data. Thus, according to several
studies, including meta-analyses, there are signs
of increased activation of systemic inflammation among

patients with schizophrenia, including elevated levels
of the proinflammatory cytokines, including interleukin-
1B (IL-1B), IL-8 and IL-6 in both blood serum and
cerebrospinal fluid.5® Schizophrenia is also characterized
by anincrease in the serum level of neutrophil activation
markers that contribute to systemic inflammation
(leukocyte elastase, al-proteinase inhibitor), and the
levels of these markers correlate with the activity
of the disease.’ In patients with nonpsychotic mental
disorders, changes in the level of neutrophil activation
markers are much less common.' In addition, the serum
concentration of the chemokine, CCL2, which is involved
in the migration of monocytes, memory T-cells and
denderitic cells to the sites of inflammation, is increased
in patients with schizophrenia.®

Certain studies have found associations of immune
disturbances with clinical schizophrenia.5'7'® |n the case
of chronic schizophrenia, the proinflammatory cytokine
profile was found to be different by comparison with
acute schizophrenia, with increased levels of IL-13
and IL-6, however, no changes were evident with
regard to other proinflammatory cytokines.® Increased
CCL2 in schizophrenia is associated with treatment
resistance, and high levels of C-reactive protein (CRP),
an inflammatory marker, are associated with a more
severe form of psychosis and a subsequent decrease
in cognitive functions.”® According to another study,
the fluency of speech of patients with schizophrenia and
schizoaffective disorder, that have elevated expression
of the cytokines IL-1B, IL-2, IL-6, IL-8 and IL-18 in the
blood, is significantly more impaired.? In addition, a 17%
decrease in the volume of the left Broca's area was
observed among patients with a high level of cytokines.?

Signs of neuroinflammation, most pronounced
in the areas of the cortex that are most affected by
the disease, are also found in studies of the post-
mortal brain of patients with schizophrenia.?"?? In the
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prefrontal cortex of these patients, the mRNA level
of the Interferon-Induced Transmembrane Protein
(IFITM) is increased. One of the effects of the IFITM
protein is the activation of the transcription factor
NF-kB, which is a key factor in inflammatory cascades.?'
The expression of the proinflammatory cytokines, IL-
1B, IL-6 and TNFa is also increased in the prefrontal
cortex of patients.?

Among patients with schizophrenia, a number
of changes in adaptive immunity are also present.?*%
According to a meta-analysis of 16 works, the level
of CD4 + T-helper cells, CD16 + CD56 + NK cells, naive
B-cells and CXCR5 + memory T-cells, was increased
among those with schizophrenia.?*? However, according
to other data, the level of T-helper cells, as well as the
ratio of CD4 + / CD8 + in schizophrenia are reduced, and
the patients have impairments of T-cell activation.z2
Perhaps these contradictions are associated with
different stages and forms of the disease of the
examined patients.

There are data that suggest that the neutrophil/
ratio, platelet/lymphocyte
monocyte/lymphocyte ratio are higher during the relapse

lymphocyte ratio and
periods of schizophrenia, compared to the remission
periods.?” According to another study, inflammatory
activation in schizophrenia, including excessive
lymphocyte and monocyte activation, is currently
independent of cardiometabolic risk factors.2 Currently,
studies of the effectiveness of anti-inflammatory drugs
and immunomodulating agents in the treatment
of schizophrenia are also of great interest.?® Thus,
research data indicate that there are numerous signs
of systemic inflammatory response and dysregulation
of the adaptive immunity in schizophrenia. However,
in terms of the perplexity of the immune response
(Figure 1), there is a lack of research into multiple immune
parameters in schizophrenia®® and their relationships
in terms of the clinical course of schizophrenia and its
outcomes; this is a promising aspect of the investigation
shown in Figure 1.

Both the innate and the adaptive immune system
involve a cell-mediated (immune cells) and humoral-
(immunoglobulins complement)

response. The activation of innate immune cells

mediated and
causes inflammation and stimulates the presentation
of antigens to adaptive immune cells (T-lymphocytes
and B-lymphocytes). When facing an antigen, the

T-lymphocytes mediate cytotoxicity against the infected
or altered cells and activate B-lymphocytes to proliferate
and produce immunoglobulins. The activated immune
cells are orchestrated by the variety of cytokines and
produce acute phase proteins.

The goal of this research was to study the immuno-
inflammatory changes among patients with various
clinical symptoms of paranoid schizophrenia
(episodic and continuous) compared with healthy
controls. This was conducted in order to assess the
associations of immunological changes with clinical
symptoms and to provide a concurrent measurement
of multiple immune parameters in both episodic and

continuous schizophrenia.

MATERIAL AND METHODS
The
schizophrenia (see Table 1) and 30 healthy volunteers
disorders (13 men, 17 women),
comparable in gender. The mean (+ 95% confidence

study included 36 patients with paranoid

with no mental

interval) age of the volunteers was 27.1+1.6 years,
ranging from 23 to 33 years. The duration of maintenance
antipsychotic therapy among patients, ranged from six
months to two years; the duration of hospitalization
before the assessment was three to four weeks. The
compliance of the participants mental state at the time
of the examination with the criteria for schizophrenia,
according to ICD-10, constituted the inclusion criteria;
informed written consent was also required to participate
in the study. Patients with
of schizophrenia (n=13) / first psychotic episode (n=7)
(Group 1) and patients with continuous symptoms

recurrent symptoms

of schizophrenia (n=16) (Group 2) were included in the
study. Continuous schizophrenia was defined clinically,
according to DSM-5 criteria, by persistent symptoms
fulfilling the diagnostic symptom criteria of the
disorder that remained throughout the duration of the
illness. Subthreshold symptom periods were very brief
in relation to the overall symptoms and it was impossible
to define distinct episodes. Among patients with episodic
symptoms, the defect was stable and there were distinct
psychotic episodes, with symptomatic remissions lasting
more than six months. The exclusion criteria were severe
somatic diseases, pregnancy, acute or exacerbated,
chronic, infectious and inflammatory diseases during the
two months preceding the examination or signs of drug
or alcohol abuse.

22
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Figure 1. Key mechanisms of the immune response

The PANSS, BFCRS, Simpson-Angus Scale (SAS), Symptom
Severity Scale of the DSM5 for schizophrenia (SS-DSM5)
and the FAB scale were used in clinical assessments.?!

We measured the parameters of humoral-mediated
immunity (levels of Circulating Immune Complexes
(CIC), immunoglobulins IgA, IgM, 1gG), levels of signalling
(IL-4, IL-6, IL-8, IL-10, IFNy, TNFa) and acute phase (CRP)
proteins. The parameters of the cell link of adaptive
immunity were evaluated by multicolour flow cytometry,
using monoclonal antibodies for the phenotyping of the
differentiation antigens, CD3, CD4, CD8, CD16, CD19,
CD25, CD45, CD56 and CD127 (Becton Dickinson, USA).
To determine the concentration of proinflammatory
cytokines (IL-4, IL-6, IL-8, IFNy, TNFa), the pro-inflammatory
acute phase protein CRP, the anti-inflammatory cytokine,
IL-10, the markers of the humoral link of adaptive
immunity CIC, the immunoglobulins (IgA, IgM, 1gG)

in blood serum by enzyme-linked immunosorbent assay
(ELISA) and the commercial kits for ELISA by "Cytokine",
"Vector Best" and "Hema" (Russia) were used.

For statistical processing, Excel software (Microsoft,
2010) and STATISTICA 10 (StatSoft, 2010) were used.
The Shapiro-Wilk test was used to assess the normality
of distribution. The results of immunological tests
were presented as medians with an interquartile
range. The Kruskell-Wallis test was used to assess the
significance of differences between groups, with post-
hoc, pair-wise comparisons conducted using the Mann-
Whitney test. The results of the clinical assessment (age,
duration of education and illness, results of clinical scales)
demonstrated a normal distribution and were presented
as means +- standard deviations. The Student's t-test
was used to assess the significance of differences in the
results of the clinical assessment between groups. The
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frequencies distribution between groups was tested
with the Chi-square test with continuity correction. The
differences between groups were considered statistically
significant at two-sided p <0.05. To estimate the
correlations between variables, the Pearson correlation
coefficient was used.

RESULTS

Table 1 shows the socio-demographic characteristics
of the participants. The patients generally had
fewer opportunities to progress to higher education
or to be employed.

The clinical characteristics of patients are presented
in Table 2. As can be seen, in the continuous course
of schizophrenia compared with the episodic course,
the patients exhibited a significantly greater severity
of negative symptoms and cognitive disorders.

Table 3 summarizes the data on the immune
parameters of patients with episodic and continuous
symptoms, and those of the healthy control group. The
assessment of the markers of systemic inflammation and
adaptive immunity has shown that the levels in patients
with schizophrenia differed significantly from those
in the control group; these levels were characterized
by pronounced heterogeneity and were affected by the
course of the disease (Table 3).

Humoral component of immune system

There was a significant elevation of CIC in patients with
continuous symptoms, by comparison with patients with
episodic symptoms and healthy controls, whereas the
levels of immunoglobulins did not differ.

Cell-mediated immunity

The levels of CD45+CD3+ lymphocytes (T-cells) differed
between clinical groups, with higher values among
those with episodic symptoms and lower values
among those with continuous symptoms. Despite the
fact that their levels in control group had intermediate
values, there were no significant differences among
the clinical groups of the controls. In addition, patients
with episodic symptoms had significantly increased
levels of CD45+CD3+CD4+CD25+CD127- regulatory
T-cells. Finally, the level of CD45+CD3-CD19+ B-cells
were significantly higher among the patients with
patients with episodic
symptoms and among the control groups.

continuous symptoms vs.

Levels of cytokines and acute phase proteins

Both patient groups had higher than normal levels of CRP
and IL-8, while the levels of other cytokines did not differ
compared to the control group.

Correlations with clinical scores

Among patients with episodic symptoms, a moderate,
negative correlation of the level of the anti-inflammatory
cytokine, IL-10, with NSA-4 scale results was revealed
(r=-0.55; p <0.01).

Among patients with continuous symptoms, the
level of CD45+CD3-CD19+ B cells and the level of the
CIC showed a moderate, negative correlation with the
FAB scale results (r = -0.60; p <0.01), thus, a high level
of activation of humoral immunity in this subgroup
of patients, was associated with more pronounced
cognitive impairment.

Therefore, the patients with continuous schizophrenia
had an excessive activation of humoral immunity, that
was associated with the severity of cognitive disorders
and a moderate activation of systemic inflammation.

DISCUSSION
In this study we found multiple signs of immunological
disturbances that differ, depending on the clinical course
of schizophrenia. The main findings are summarized
in Figure 2 below. While the levels of CRP and IL8 were
increased in schizophrenia, irrespective of clinical groups,
the patients with episodic symptoms demonstrated
a significant increase of CD45+CD4+CD25+CD127-
(/CD4+) cells, and patients with continuous symptoms
had increased levels of CD45+CD3-CD19, B-cells and
CIC vs. the control group. Interestingly, the numbers
of CD45+CD3+ lymphocytes (T-cells) differed significantly
among the clinical groups but not among the controls,
were slightly increased among patients with episodic
symptoms and were slightly decreased among patients
with continuous symptomes.

Therefore,
symptoms of schizophrenia were characterized by
pronounced signs of systemic inflammation and a certain

in summary, patients with episodic

activation of cell-mediated immunity, without significant
changes in the humoral link immunity. Conversely,
patients with continuous schizophrenia had signs
of active systemic inflammation and chronic activation
of the humoral immune response.

An analysis of the literature shows that the relationship

24
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Table 1. Socio-demographic characteristics of patients included in the study

Value/Groups Continuous Episodic Control (n=30) | Statistics
schizophrenia schizophrenia
(n=16) (n=20)
Age on the date of assessment ' 28.6 £6.8 276+7.2 271+£1.6 =-0.424; p=0.674
Gender distribution
Male 2 14 (88) 9 (45) 13(43) X2=9.264; p=0.01
Female 2 2(13) 11 (55) 17 (57)
Family
Married 2 2(13) 3(15) 13 (43) X?=8.277; p= 0.082
Divorced 2 1(6) 1(5) -
Never married 2 13(81) 16 (80) 17 (57)
Education
Lower secondary 2 1(6) 3(15) - X?=29.597; p<0.001
Secondary 2 2(13) 3(15) -
Specialized secondary 2 4(25) 105 -
Incomplete higher 2 6(38) 4 (20) 4(13)
Higher 2 3(19) 9 (45) 26 (87)
Duration of education in years" 13.9+1.5 13.6 2.5 16.6+1.0 =-0.422; p=0.675
Labor status
Student 2(13) 5 (25) 9(30) X?=29.545; p<0.001
Employed 2 2(13) 7 (35) 19 (63)
Unemployed, pre-retirement 2 5(31) 7(35) -
Disabled, absolute (%) 7 (44) 1(5) 2(7)
Age of prodromal symptoms onset 15.3+3.8 20+5.9 - t=2.758; p=0.009
Age of manifest * 19.2+5.2 25+6.3 - t=2.961; p=0.006
Age of first apply for medical help * 19.2+4 257 +7 - t=3.302; p=0.002
Age of first hospitalisation 19.3+4.1 25.7+6.9 - t=3.271; p=0.003
Duration of illness from the prodromal symptoms ' | 13.3 + 6.2 7.7+4 - t=-3.281; p=0.002
Duration of illness from the manifest 9.4+6.3 27+32 - t=-4.144; p<0.001

p - values for t-test are provided for differences between the two groups.

" Results are presented as means (+ standard deviation), statistics - as t and p (t-test)
2 Results are presented as n (%), statistics - as x? and p
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Table 2. Clinical indicators of patients included in the study

Scale Episodic Continuous t-test
schizophrenia schizophrenia (n=16)
(n=20)
PANSS total 89.9[81.1, 98.7] 112.6[105.5, 119.7] t=4.075;p<0.001
PANSS P 24.1 [20.2, 28] 25.6 [21.4, 29.8] t=0.550; p=0.586
PANSS N 20.6 [17.1,24.1] 32.9[30.3, 35.5] t=5.675; p<0.001
PANSS G 45.2 [41.4, 49] 53.8 [50.2, 57.4] t=3.397; p=0.002
BFCRS 6[2.6,9.4] 8.3[3.3,13.3] t=0.830; p=0.413
NSA-4 13.7[11.6, 15.8] 24.2[21.7,26.7] t=6.837; p<0.001
Simpson-Angus Scale (SAS) 1.6[0.7,2.5] 2.4[1.4,34] t=1.254; p=0.219
Symptom severity scale of the DSM5 12.3[11.1,13.5] 15.4[14.1,16.7] t=3.682; p=0.001
for schizophrenia (SS-DSM5)
Frontal assessment battery (FAB) 15.1[14.3, 15.9] 13.2[12.1,14.3] t=-3.022; p=0.005

Results are presented as means [95% CI]

of systemic inflammation and dysregulation of adaptive
immunity in relation to the clinical course of schizophrenia,
have not been extensively studied. There are data which
demonstrate that in patients with the first episode
of schizophrenia, the level of IL-1[3, IL-2, IL-8, IL-4, IFNa
and TNFaincreased, and the content of pro-inflammatory
cytokines, IL-1, IL-8 and TNFa remained increased even
after eight weeks of antipsychotic therapy with risperidone
or haloperidol.3? A limitation of this work was that it did
not include patients with repeated psychotic episodes
and with continuous symptoms of the disease. Another
study has shown that changes in the clinical blood test
(neutrophil/lymphocyte ratio, platelet/lymphocyte ratio
and monocyte/lymphocyte ratio) are more prominent
during the relapse periods of schizophrenia, compared
to remission periods.?’

In our study there was no significant increase
of TNFa among patients with episodic or continuous
schizophrenia, although IL-8 was increased. Certain
authors report an increase in serum TNFa among
patients with schizophrenia. One possible reason for
this discrepancy is that antipsychotic therapy reduces
the production of certain proinflammatory cytokines
in schizophrenia, including TNFa.? The extent of this effect
has not been studied in detail and may be dependent on
the duration of therapy and the drugs used.

According to in vitro studies, conducted by Ryazantseva
et al. among patients with schizophrenia, there is an
imbalance in the production of Th1 and Th2 cytokines

by lymphocytes and signs of inhibition of the T-cell
link of the immune system; these changes are most
pronounced with regard to chronic symptoms of the
disease.? The results are consistent with our data on
the serum levels of these cytokines. According to a meta-
analysis,® in acute schizophrenia, the levels of IL-6,
TNFa and the receptor antagonist, IL-1RA are elevated,
while in chronic schizophrenia, the same meta-analysis
showed an increase in the levels of IL-18 and IL-6. Acute
schizophreniawas defined as hospitalization in connection
with a psychotic episode or chronic schizophrenia,
following an examination of patients receiving outpatient
treatment. It should be noted that comprehensive
data on the serum level of the main cytokines and the
characteristics of adaptive immunity among those with
continuous symptoms of schizophrenia, by comparison
with episodic symptoms, are practically absent in the
literature. We have shown for the first time that in relation
to continuous schizophrenia, changes in the adaptive
immune response with a predominance of activation
of its humoral link are of primary importance, although
moderate signs of activation of systemic inflammation,
do persist in patients. In particular, an increase
in the content of CIC, which are formed as a result
of the binding of exogenous or endogenous antigens by
immunoglobulins (antibodies), indicates an inflammatory
process with activation of the humoral link of adaptive
immunity. The causes of this activation remain to be
studied. It is possible that the activation of autoimmune
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Table 3. Immunological parameters and systemic inflammation markers among patients with episodic schizophrenia
(n=20), continuous schizophrenia (n=16) and among the controls (n=30)

Parameters Episodic Continuous Controls
schizophrenia schizophrenia
Humoral IgA, [g/1] 2.97(2.31;3.35) 3.09(2.17;3.23) 2.79(2.58; 3.09)
component
parameters
IgM, [g/1] 1.43(0.93; 2.09) 1.05 (0.73; 1.46) 0.9435 (0.71; 1.3)
1gG, [g/1] 13.69(9.73; 15.19) 13.62(11.07; 15.81) 12.74 (10.15; 14.44)
CIC, [units] 73 (58; 104)** 103 (84; 192)*,** 76 (54; 95.5)
Acute phase CRP, [mg/I] 5.48 (0.81; 20.33)* 3.3(1.93; 8.4)* 1.08(0.38; 2.53)
proteins, signalling
proteins (cytokines)
IL-4, [pg/ml] 2.33(1.72; 4.67) 3.5(1.06; 5.13) 4.19(1.39; 8.31)
IL-10, [pg/ml] 5.03(2.62; 6.76) 5.91(3.03; 8.28) 4.28(1.39; 8.31)
IFNy, [pg/ml] 44.69 (26.88; 138.78) | 44.69(19.38; 83.33) 28.5335(20.31;
44.32)
IL-8, [pg/ml] 34.54 (11.19; 40.16 (12.61; 94.15)* | 11.81 (7.31; 23.59)
214.76)*

TNFa, [pg/ml]

2.09(1.75; 3.08)

1.62 (1.30; 2.23)

1.69 (1.40; 2.84)

IL-6, [pg/ml]

6.27 (4.02; 67.20)

5.39 (2.55; 10.85)

4.262 (2.42; 8.27)

Cell-mediated
component
parameters

CD45+CD3+, [%]

77.60 (74.60;
79.50)**

71.05 (68.40;
74.20)**

75.95 (71.85;78.20)

CD45+CD3+CD4+, [%]

44.00 (39.20; 47.70)

39.95 (38.10; 44.00)

43.65 (36.60; 48.40)

CD45+CD3+CD8+, [%]

25.8 21.40; 31.20)

23.85(22.00; 28.80)

26.3(23.8; 27.00)

CD45+CD3+CD4+CD25+CD127-, [%]

3.3(2.65; 3.45)

1.85 (1.40; 3.05)

2.45(2.15; 3.30)

CD45+CD3+CD4+CD25+CD127- % from
CD45+CD3+CD4+ lymphocytes, [%]

6.85 (6.05; 7.50)*

4.90 (3.6; 6.9)

4.75 (4.60; 5.55)

CD45+CD3-CD16/56+, [%]

10.60 (7.10; 13.40)

11.90 (9.60; 16.50)

11.90 (8.30; 16.50)

CD45+CD3+CD16/56+, [%]

3.40 (2.40; 6.40)

3.90 (2.60; 8.00)

4.9 (1.30; 7.50)

CD45+CD3-CD19+, [%]

10.40 (8.00; 13.00)**

14.00 (11.00;
18.30)*,**

11.40 (9.70; 12.20)

The results are presented as Median (25 quartile; 75 quartile). * - differences with controls, p<0.05.
** . differences between groups, p<0.05.
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Episodic course

Continuous course

Cell-immunity

Signalling and acute
phase proteins
(markers of active
inflammatory processes)

Humoral immunity (including
B-lymphocytes)

Figure 2. Key results of the study.

Note: red - increase vs. control, dark blue - decrease vs. control. Thick line - statistically significant difference vs. control; thin -
non-significant difference vs. control; circle - difference between clinical groups.

CRP - marker of active inflammation; IL8 - proinflammatory chemokine; CD19+ - B-lymphocytes; CIC - CD3+ T-cells;
CD4+CD25+CD127- (/CD4+) - regulatory T-cells (% from CD45+CD3+CD4+ lymphocytes)

processes may take place among certain patients
According to the literature (see, for example, a review),
in a number of schizophrenic patients, antibodies
to NMDA receptors and other central nervous system
proteins are detected in the peripheral bloodstream.
Based on our results, it can be assumed that patients
with continuous symptoms of the disease and signs
of excessive activation of humoral immunity, are a risk
group for the possible presence of autoimmune diseases,
and an examination may be necessary in these patients
to exclude a hidden autoimmune pathology.
According to our data, with regard to the episodic
course of the disease, there was a pronounced
complex activation of the mechanisms of systemic
inflammation. An increase in CRP is a marker of acute
and chronic inflammatory processes, both infectious
and endogenous. In addition, there was an increase
in the level of the pro-inflammatory cytokine, IL-8, which
is involved in the chemotaxis of neutrophils, monocytes
and lymphocytes to the site of the inflammatory
reaction. There was also an increase in regulatory
T-cells, which, taking into account the increased level

of a number of markers of systemic inflammation, could
indicate compensatory activation of immunoregulatory
mechanisms. Further studies are required to determine
the causes and clinical significance of these changes.
At the same time, the activation of immunoregulatory
mechanisms in certain patients may have a protective
role and also requires further study.

A correlation analysis showed that among patients
with continuous symptoms of schizophrenia, the severity
of cognitive impairment was associated with a higher
level of CIC and B-cells, and among those with episodic
symptoms, the level of the anti-inflammatory cytokine,
IL-10, was associated with clinical indicators; it negatively
correlated with the severity of negative symptoms
in patients. These novel data confirm the possible clinical
and pathogenetic significance of the detected immune
changes in various types of schizophrenia, and indicate
the prospect of studying the effectiveness of various
approaches to immunomodulating therapy, within
the framework of the comprehensive rehabilitation
of patients with schizophrenia, depending on the clinical
course and immune disorders.

28

Consortium Psychiatricum | 2021 | Volume?2 | Issue1



According to contemporary theoretical concepts, the
heterogeneity of immunological changes in schizophrenia
may reflect the presence of several immunophenotypes
of the disease, with various pathogenesis features. Thus,
it is assumed that there is an immunophenotype with
a predominance of activation of systemic inflammation,
the main marker of which may be anincreased level of IL-
6, and an immunophenotype with excessive activation
of the humoral link of adaptive immunity, accompanied
by an increase in the level of autoantibodies to NMDA
receptors.?® Schizophrenia immunophenotypes may
have prognostic features and may require different
approaches to therapy, but at the same time, an analysis
of the available literature shows that their relationship
with the clinical characteristics of the disease is not
well understood, limiting the possibility of clinical data
translation. Our results show that patients with an
episodic course of schizophrenia differ in prevailing
immune changes from patients with a continuous course.
The data obtained may be important for the development
of personalized approaches toimmunotherapy in various
variants of the clinical course of schizophrenia.

Discussing the limitations of this work, it should
be noted that it is of interest to study immunological
changes in other variants of the course of schizophrenia,
that have not been studied in the framework of the
present study. It should also be noted that the patients
were enrolled into the study after three to four weeks
of hospital treatment, and the immune parameters
could be affected by antipsychotic treatment. In addition,
it would be important to replicate the results in larger
studies, applying the correction for multiple testing.

CONCLUSION

An analysis of available literature shows that studies
providing a comprehensive assessment of the markers
of the cell and the humoral link of adaptive immunity,
in combination with the parameters of systemic
inflammation in schizophrenia, are still lacking. Virtually
no study has been undertaken regarding the level
of immunoinflammatory markers, depending on the
clinical dynamics of schizophrenia: in most studies,
patients are considered within the general sample
or a division into acute and chronic schizophrenia
is carried out. Very few works are devoted to the study
of immunoinflammatory disorders in schizophrenia,
examining the nature of the course and the prevailing

symptoms, as well as studying the relationship between
immunological parameters and neurophysiological
changes in patients. This study made it possible to obtain
new data on the characteristics of the cytokine profile
and the nature of the main changes in the immune
response depending on the course of schizophrenia.
This helped determine the relationship between multiple
immunological and clinical changes among patients with
continuous and episodic symptoms of schizophrenia. The
data obtained are important for future clinical studies
of new treatment methods, based on the medical and
physical methods of correction of systemic disorders,
in various immunophenotypes of schizophrenia.
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