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in the brain structures of mutant Disc1-Q31L mice

M.M. Gevorgyan, S.Ya. Zhanaeva, E.L. Alperina, T.V. Lipina, G.V. Idova ®

Scientific Research Institute of Physiology and Basic Medicine, Novosibirsk, Russia
® e-mail: galina-idova@mail.ru

Abstract. The DISC1 (disrupted in schizophrenia 1) gene is associated with brain dysfunctions, which are involved
in a variety of mental disorders, such as schizophrenia, depression and bipolar disorder. This is the first study to
examine the immune parameters in Disc7-Q31L mice with a point mutation in the second exon of the DISCT gene
compared to mice of the C57BL/6NCrl strain (WT, wild type). A flow cytometry assay has shown that intact Disc1-
Q31L mice differ from the WT strain by an increase in the percentage of CD3* T cells, CD3*CD4* T helper cells
and CD3*CD4*CD25* T regulatory cells and a decrease in CD3*CD8* T cytotoxic/suppressor cells in the peripheral
blood. A multiplex analysis revealed differences in the content of cytokines in the brain structures of Disc7-Q31L
mice compared to WT mice. The content of pro-inflammatory cytokines was increased in the frontal cortex (IL-6,
IL-17 and IFNy) and striatum (IFNy), and decreased in the hippocampus and hypothalamus. At the same time, the
levels of IL-1P were decreased in all structures being examined. In addition, the content of anti-inflammatory cy-
tokines IL-4 was increased in the frontal cortex, while IL-10 amount was decreased in the hippocampus. Immune
response to sheep red blood cells analyzed by the number of antibody-forming cells in the spleen was higher in
Disc1-Q31L mice at the peak of the reaction than in WT mice. Thus, Disc7-Q31L mice are characterized by changes in
the pattern of cytokines in the brain structures, an amplification of the peripheral T-cell link with an increase in the
content of the subpopulations of CD3*CD4* T helpers and CD3*CD4*CD25* T regulatory cells, as well as elevated
immune reactivity to antigen in the spleen.
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AnHoTauuma. HapyweHus B reHe DISCT (disrupted in schizophrenia 1) accoummpoBaHbl ¢ AUCOYHKLUAMN MO3ra, Xa-
PaKTePHbIMU ANA paga NCUXMYECKUX 3abonesaHnii (WnsodbpeHus, genpeccus, bUNonspHoe PaccTPoONCTBO U Ap.).
B naHHoI paboTe BrepBble N3yyYeHbl IMMYHOIOTMYECK/E NapamMeTpbl Y Mbiwwen nuHum Disc1-Q31L ¢ ToueyHon my-
Tauuen Bo BTOPOM 3K30He reHa DISCT (3ameHa rnyTamyHa Ha NeiurH B 31-M NOIOXKeHNM) MO CPaBHEHMIO C MblLUa-
My nuHmum C57BL/6NCrl (amkui Tun). MeTofgom NpoToyHON LTodIyoprMEeTPUM NMOKasaHo, YTo Mo CPaBHEHNIO C
MbILIAMM AVKOTO TWNa y MHTaKTHbIX Disc1-Q3 1L Mblweit B nepudepryeckon KpoBy yBENMYeHO NPOoLeHTHOe cofep-
*aHve CD3* T-numdouuTtos, CD3YCD4AT T-xennepos n CD3TCD4TCD25 T-perynatopHbiX KNeTOK NP CHUKEHUN
CD3*CD8* T-LNTOTOKCUYECKNX/CYNPECCOPHbIX KNeTOK. C MOMOLLbIO MYSIBTUMIEKCHOTO aHann3a BbisiBNEeHbl pasni-
ynA B copepKaHnm LMTOKUHOB B CTPYKTypax mo3ra Disc7-Q31L mblwell no cpaBHEHMUIO C Mbllamy AUKOTO TUMa.
CopfepaHune NpoBOChanmTeNbHbIX LIUTOKMHOB NOBbILWANoch Bo GpoHTanbHol Kope (IL-6, IL-17 n IFNy) n ctpratyme
(IFNy), a B runnokamne v runotanamyce, HanpPoTUB, ymeHbLanocb. Mpu atom IL-1( cHnxKanca Bo Bcex NccnefoBaH-
HbIX CTPYKTYpax. Hapagy ¢ 3Tum obHapyeHo yBennyeHne Konmnyectsa NpoTUBOBOCNANUTENIbHOTO LNTOKMHA IL-4
BO pPOHTaNIbHOW Kope 1 CHkeHMe IL-10 B runnokamne. IMMyHHaa peakTMBHOCTb Ha BBE[JEHNE aHTUreHa SpUTPO-
uuToB 6apaHa, aHanv3Mpyemas fno YNCsy aHTUTENO06PA3YIOLLNX KNETOK B CENE3EHKE, Ha MUKE MMYHHOIO OTBETa
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Cy6nonynauun nepudepnyecknx UMMyHHbIX KIeTOK
N UMTOKMHbBI MO3ra y MyTaHTHbIX Mbiwelt Disk1-Q31L

y Disc1-Q31L mbiwwer 6bina Bblle, YeM y MbllLel AUKOro Tina. Takum o6pa3om, Mbiwun nuHum Disc1-Q31L xapakTe-
pUV3YyOTCA M3MEHEHMEM MATTEPHA LUTOKMHOB B CTPYKTYypax MO3ra, ycuneHmem nepudepmnyeckoro T-KNeToyHoro
3BeHa C noeblleHnem cybnonynaumin CD3*CD4* T-xennepos 1 CD3TCD4TCD25* T-perynatopHbixX KNeToK, a TakKe
yBeSIMYEHNEM UMMYHHOW PeaKTUBHOCTM Ha aHTUMEH B Cene3eHKe.

KnioueBble cnosa: Disc1-Q3 1L MblIwm; ULUTOKUHDI; T-KNeTKy; B-kneTku; aHTUTenoobpasytoLne KneTku; Mo3sr; neprde-

punyecKkasa KpoBb; cefie3eHKa.

Introduction

It is now well established that a variety of social, environmen-
tal and genetic factors may cause inflammatory responses that,
over time, may result in development of multiple diseases,
including neuropsychiatric disorders (Haroon et al., 2012;
Felger, Lotrich, 2013; Dantzer, 2018). The inflammatory pro-
cesses are closely associated with alterations in the production
of cytokines (IL-6, IL-2, IL-1f3, TNFa, etc.), the composition
of T-cell subsets with different functional activities (CD4+
T-helper cells, CD8* cytotoxic/suppressor T-cells, T-regula-
tory cells), both in the peripheral immune system and in the
central nervous system (Haroon et al., 2012; Felger, Lotrich,
2013; Dantzer, 2018). Animal models have provided valuable
opportunities to study the impact of immune dysfunctions and
related alterations in neurotransmitter and hormonal systems
in the pathogenesis of neuropsychiatric disorders caused by
multiple risk factors, including genetic background. As shown
previously, animals with genetic predisposition to depressive
or aggressive behavior are characterized by changes in the
distribution and ratio of the main subpopulations of T-cells in
the blood and spleen, immune responsiveness to T-dependent
antigen, as well as cytokine variations in the periphery and
brain structures (Alperina et al., 2007, 2019; Idova et al., 2013,
2015, 2019; Takahashi et al., 2018).

Disrupted-in-Schizophrenia-1 (DISC1) gene has been
functionally linked to brain dysfunctions associated with im-
paired neurodevelopment processes and intracellular signaling
pathways that predispose to schizophrenia, major depression,
and bipolar disorder (Lipina et al., 2010; Hikida et al., 2012;
Mathieson et al., 2012; Lipina, Roder, 2014; Serykh et al.,
2020). Several mouse models based on DISC/ dysfunc-
tion have been generated to date, including a homozygous
DiscI-Q31L~ mouse line with a point mutation in exon 2 of
chromosome 8§, leading to glutamine to leucine substitution at
amino acid 31 in the DISC1 protein (Q31L). Analysis of emo-
tional, social and cognitive behaviors of this mice line showed
arange of behavioral abnormalities that may be considered as
a depression-like endophenotype (Lipina et al., 2013; Lipina,
Roder, 2014; Dubrovina et al., 2018; Serykh et al., 2020). The
Q3 1L mutation in DISC1 gene is also known to be associated
with changes in the dopaminergic (DA) activity (Lipina et al.,
2013) and other neuromediator systems, which are involved
in the neurobiological mechanisms of psychiatric disorders
and in the control of immune function (Saurer et al., 2006;
Devoino et al., 2009; Al’perina, 2014).

However, peculiar changes in immunological variables in
the peripheral immune system and in the brain characteristic
of Disc1-Q31L~" mice remain to be elucidated. Given a role
of the immune system both in the development of different
psychoemotional states and in neuroimmunomodulation (De-
voino et al., 2009; Idova et al., 2018, 2019; Alperina et al.,

2019), the aim of this study was to analyze the basal content
of T- and B-cells in the peripheral blood and spleen, as well
as the level of pro- and anti-inflammatory cytokines in the
brain structures of Disc/-Q3 1L~ mice. Immune reactivity to
the antigen by the number of antibody-forming cells (AFC)
was also determined.

Materials and methods

Animals. The experiments were performed in adult (3.0—
3.5 months old) homozygous male mice of the Disc/-Q31L~"~
strain (n = 23) and there wild type (WT) littermates of the
C57BL/6NCrl strain (n = 23) weighing 27-30 g. Mice were
bred in the animals facility of the Scientific Research Institute
of Physiology and Basic Medicine (“Biological collection —
genetic biomodels of neuropsychic diseases”, No. 493387).
Mice were kept in standard cages (OptiMice Biotech A.S.;
40x25x% 15 cm ) in groups for 5 animals per cage under stan-
dard vivarium conditions and free access to food and water.
All experimental procedures were performed in accordance
with the requirements of the European Community Direc-
tive (86/609/EC) and approved by Local Ethical Committee
of the Scientific Research Institute of Physiology and Basic
Medicine, protocol No. 10 (17.12.2015).

Design of experiments. The levels of T- and B-lympho-
cytes and their subpopulations in the peripheral blood and
spleen, as well as the content of proinflammatory (IL-18,
IL-2, IL-6, IL-17, TNFa, IFNy) and anti-inflammatory (IL-4
and IL-10) cytokines in the brain structures (prefrontal cortex,
striatum, hippocampus, hypothalamus) were assessed in intact
mice of the Disc/-Q31L and WT strains (10 animals of each
strain). The immune reactivity to sheep red blood cells (SRBC)
was analyzed by measuring the number of antibody-forming
cells (AFC) in the spleen of mice of both strains (n = 13 of
each strain). SRBC were suspended in saline and injected
once, intravenously into the tail vein at a dose of 5 - 108.

Blood was immediately collected after the animals were
decapitated into tubes containing K3EDTA (Becton Dickin-
son, USA). Spleens were removed on ice on day 4 after
SRBC injection and placed in tubes with cooled RPMI-1640
medium (Sigma-Aldrich, USA). Brain structures were dis-
sected on ice; brain samples were frozen in liquid nitrogen
and stored at —70 °C until analysis.

Determination of cell subpopulation. To analyze cell
subsets, 25 ul of blood was incubated for 30 minutes in
adark place with 1.5 ul (0.2-0.5 pg/ul) labeled rat anti-mouse
monoclonal antibodies (MoAB) against surface markers:
CD3 (allophycocyanin, APC), CD4 (peridinin-chlorophyll
protein, perCP), CD8 (phycoerythrin, PE), CD25 (Brilliant
Violet 421), CD19 (fluorescein isothiocynate, FITC) (all
obtained from BD Pharmingen™, USA). Erythrocytes of the
blood were lysed with Lysing Solution BD FASC (Becton
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Dickinson, USA). After a 10-minute incubation, the cells were
washed once with phosphate buffered saline (PBS), the cell
pellet was resuspended in 100 pul of PBS.

The spleen was cut into several pieces, and then disaggre-
gated mechanically into single-cell suspension, which was
passed through a 50 pum cell strainer. The suspension was
washed twice with RPMI-1640 medium at 200 g for 5 min-
utes. The cell pellet was resuspended in RPMI-1640 medium,
adjusted to 1-109/100 ul of the suspension and placed into
plates in a volume of 100 pl in each well. The cell suspen-
sion was incubated with the same MoAB as the blood cells
for 20 minutes, and fixed by adding 1 % paraformaldehyde to
each tube. Isotypic antibodies were used as a control.

The study of cell populations was performed on a FACS
CANTO™ I flow cytometer (Becton Dickinson, USA) using
multi-stage gating. At least 50000 cells were analyzed in each
sample. Data analysis was performed using the FACSDiva
software. The contents of CD3+* T-lymphocytes, CD3+CD4+
T-helpers, CD3+CD8* cytotoxic/suppressor T-lymphocytes,
CD3*+CD4+CD25* T-regulatory cells, CD19+ B-lymphocytes
as a percentage of the total number of cells were determined.
Immunoregulatory index was measured as a ratio of the con-
tent of CD4+ to CD8* T-cells.

Determination of cytokines in the brain structures.
For the analysis of cytokines, detergent-soluble fractions of
brain tissues were prepared. The samples were thawed on ice,
homogenized in lysis buffer cooled to +4 °C containing PBS
(pH 7.4), 0.1 % Triton X-100, I mM EDTA, and 1 mM PMSF
using plastic pestles. The homogenates were incubated on ice
for 30—40 minutes. The tissue extracts were centrifuged (Cen-
trifuge 5415 R) at 4500 rpm for 20 minutes at +4 °C. Cytokine
concentrations were determined in the supernatants. The
concentration was normalized to tissue weight (pg/g tissue).

The content of cytokines in brain homogenates was deter-
mined according to the manufacturer’s protocol by multiplex
immunoassay on a multiplex protein and nucleic acid analyzer
(Milliplex Luminex 200, Merk Millipore) using a kit (Mil-
liplex MAP Mouse Cytokine/Chemokine, Millipore). The re-
sults were analyzed using the xPONENT and Analist software.

Determination of antibody-forming cells. The immune
response was assessed by the relative (per 10° spleen cells)
and absolute (per total number of cells in the spleen) number
of IgM-AFC using the standard method (Ladics, 2007).

Statistical analysis. The data were analyzed using Sta-
tistica 10.0 software. To verify whether data were normally
distributed, the Kolmogorov—Smirnov and Shapiro—Wilk
tests were used. Normally distributed data (the content of
T-cells and their subpopulations, and B-cells) were assessed
by one-way ANOVA. The Mann—Whitney test was used for
abnormally distributed data (cytokine content and AFC num-
ber). Data are presented as mean and mean error (M +m) with
significance set at a level of p <0.05.

Results

Content of T-cells, their subpopulations, and B-cells in the
peripheral blood and spleen of Disc/-Q31L mice. There
were differences in the content of all analyzed immunocom-
petent blood cells between nonimmunized Disc/-Q31L and
WT mice. The percentage of CD3+ T-lymphocytes in mice
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of the DiscI-Q31L strain was significantly higher than in
WT mice (F(1.18) = 45.2, p < 0.001). Analysis of T-lym-
phocyte subpopulations showed an increase in the content of
CD3+CD4+ T-helpers (F(1.17)=15.5,p<0.01) in Disc1-Q31L
mice compared to WT strain, while the number of CD3+CD8&*
T-cytotoxic/suppressor cells was decreased (F(1.17) = 12.6,
p<0.01). As aresult, the immunoregulatory index, determined
as the ratio of the content of CD4+ to CD8* T-lymphocytes, in
mutant mice was 1.3 times higher (F(1.18) =27.5, p <0.01)
than in WT mice. The content of T-regulatory cells with the
CD3+CD4+CD25* phenotype in Disc/-Q31L mice was also
higher than in WT mice (F(1.17)=5.3, p <0.05). The number
of CD19* B-lymphocytes was decreased in the peripheral
blood of mutant mice compared to WT mice (F(1.17)=5.7,
p <0.05) (see the Table).

In contrast to the observed increase in the number of
CD3* T-lymphocytes in the blood, their percentage in the
spleen decreased (F(1.18) = 10.58, p < 0.01). The levels of
the subpopulations of CD3+CD4+ T-helpers (F(1.18) = 0.68,
p > 0.05), CD3tCD4+CD25* T-regulatory cells (F(1.18) =
= 0.23, p > 0.05), CD3*CD8* T-cytotoxic/suppressor cells
(F(1.18) = 1.66, p > 0.05), the ratio of CD4+/CD8* T-cells
(F(1.18)=1.36, p>0.05), and CD19* B-cells (F(1.18)=0.23,
p > 0.05) in the spleen of Disc/-Q31L mice were similar to
those of WT mice (see the Table).

Cytokines in the brain structures in mice of the Discl-
Q31L strain. Analysis of the cytokine profile in brain struc-
tures of intact Disc/-Q3 1L mice revealed regional differences
in the content of cytokines between mutant and WT mice
(Fig. 1).

In the frontal cortex, levels of the three pro-inflamma-
tory cytokines IL-6 (p < 0.01), IL-17 (p < 0.01) and IFNy
(p<0.01) were higher in Disc/-Q3 1L mice than in WT mice,
while the level of IL-1f (p < 0.05) decreased. IL-2 and TNFa
levels were similar between the mutant and WT strains
(p <0.05). As to the content of anti-inflammatory cytokines,
the level of IL-4 in Disc/-Q31L mice was higher than in
WT mice (p <0.01), while the level of IL-10 did not change
(p>0.05) (see Fig. 1, a).

In the striatum, the content of IFNy (p < 0.01) was found
to be increased in Disc/-Q31L mice compared to WT ani-
mals. The levels of other pro-inflammatory cytokines — IL-1
(p<0.01), IL-2 (p < 0.001) in the mutant mice were lower
than in WT mice, while the levels of IL-6, IL-17 and TNFa
remained unchanged (p > 0.05). Similarly, there were no
significant strain differences in the levels of anti-inflammatory
cytokines IL-4 and IL-10 (p > 0.05) (see Fig. 1, b).

When compared to WT mice, Disc/-Q31L mice showed
lower levels of IL-1B (p < 0.01), IL-2 (p < 0.01) and IL-17
(p < 0.05) in the hypothalamus, while the levels of the rest
cytokines were unchanged (IL-4, IL-6, IL-10, IFNy, TNFa)
(p>0.05) (see Fig. 1, ¢).

The levels of proinflammatory cytokines IL-10, IL-2,
IL-17, TNFa (p < 0.05) were significantly lower in the hip-
pocampus of Disc/-Q31L mice than in WT mice, with more
pronounced decrease in IFNy content (p <0.001). The levels
of IL-6 were equivalent between Disc/-Q31 and WT mice
(p > 0.05). The content of anti-inflammatory cytokine I1L-10
in the hippocampus of Disc/-Q31 mice was also decreased
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Content of the subpopulations of T- and B-lymphocytes (%) in the peripheral blood and spleen of Disc7-Q31L mice (M+m)
CD cell markers Blood Spleen
WT Disc1-Q31L WT Disc1-Q31L
CD3+ 30.8+0.8 37.8+0.7%%% 36.8+1.1 264+1.0%
CD3+CD4+ 62.6+0.8 68.3+1.4™ 59.9+0.6 59.0+9.7
CD3+CD4+CD25* 6.3+0.5 8.3+0.7% 10.7+0.4 10.5+£0.3
CD3+CD8+ 355+0.6 30.1+1.5%% 359+0.7 36.9+05
CD4+/CD8+* 1.8+0.05 2.3+0.09"* 1.67£0.05 1.61+0.04
CD19+ 644+t1.4 60.6+1.1% 509+1.8 59.0+0.7
*p <0.05,* p<0.01,**p < 0.001 compared with WT mice (ANOVA test). Number of animals in each group = 9-10.
a
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g Fig. 2. Relative (a) and absolute (b) numbers of AFC in the spleen of
% WT and Disc1-Q31L mice on the 4th day following immunization with
2 SRBC (5-108).
S * p <0.001 compared to WT mice (Mann-Whitney U-test). Number of animals
g in the groups = 13.
o
c
© (p <0.05), while the level of IL-4 did not differ from that of
2 WT mice (p > 0.05) (see Fig. 1, d).
g Immune reaction of Disc1-Q31L mice to the antigen.
= Immunization of Disc/-Q31L mice with SRBC produced an
£ increase of the immune response at the peak of its develop-
B ment in the spleen of WT mice. The relative (p <0.001) and
“g absolute (p < 0.001) numbers of AFC in Disc/-Q31L mice
> were significantly higher than in WT mice (Fig. 2).
d Discussion

pg/g of hippocampus tissue

IL-1B

IL-2 IL-4 IL-6  IL-10  IL-17 INFy  TNFa

Fig. 1. Content of cytokines in the brain structures: frontal cortex (a),
striatum (b), hypothalamus (c), hippocampus (d) in WT mice and Disc1-
Q31L mice.

*p <0.05 * p <0.01, ¥ p <0.001 compared to WT mice (Mann-Whitney
U-test). Number of animals in the groups = 9-10.

Changes in DISCI1 protein activities caused by mutations in
the DISC! gene are known to be involved in multiple mental
disorders, such as schizophrenia, depression, bipolar disorder
(Lipinaetal.,2010,2013,2014; Hikida et al., 2012; Mathieson
etal.,2012). Alterations in immune variables associated with
these disorders may differentially contribute to disease deve-
lopment. Schizophrenia has been found to be accompanied by
elevated serum numbers of B-cells, along with a decrease in
the content of T-cells, CD4* T-helpers, and the ratio of CD4*
to CD8* T-cells (Steiner et al., 2010). Aggressive behavior, as
observed in a variety of animal models, is also associated with
an increase in T-helpers and the CD4+/CD8* ratio, as well as
a higher immune response generated by an antigen (Devoino
et al., 2009; Idova et al., 2015; Takahashi et al., 2018).
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On the other hand, depression is characterized by increas-
ing numbers of CD3+CD8* T-suppressor/cytotoxic cells, a
decrease in the immunoregulatory index and the immune
response suppression (Alperina et al., 2007; Devoino et al.,
2009; Haroon et al., 2012; Felger, Lotrich, 2013; Idova et
al., 2013).

The present study demonstrates that, compared to WT mice,
intact mice of the Disc/-Q31L strain have raised blood levels
of CD3* T-lymphocytes, and their subpopulations, such as
CD3+CD4* T-helpers and CD3*CD4+tCD25* T-regulatory
cells, with a consequent increase of the immunoregulatory
index. At the same time, the mutant mice showed lower per-
centage of CD3* T-lymphocytes in the spleen, that might lead
to a predominance of CD19+ B-cells, thereby suggesting a
redistribution of these cell subsets within the immune system.

Redistribution of T- and B-lymphocytes, which are known
to produce specific sets of cytokines, and the ratio of these
cells in the immunocompetent organs may significantly affect
inflammatory and immune processes characteristic of geneti-
cally determined behaviors and psychopathology (Ottaway,
Husband, 1994; Devoino et al., 2009). It seems, thus, possible
that higher ability of Disc/-Q31L mice to respond to antigen
challenge, as measured by the numbers of AFC in the spleen,
may be related to changes in immune cell distribution among
different compartments of the immune system.

Our results have also shown that the pattern of cytokine
variations over brain structures differ in Disc/-Q31L and
WT mice and depends on the brain area, in which these
cytokines are localized. The levels of IL-6, IL-17 and IFNy
were found to be simultaneously increased only in the frontal
cortex of DiscI-Q31L mice compared to WT animals. These
pro-inflammatory cytokines has long been known as very
potent signaling molecules of neuroinflammation implicated
in the pathophysiology of depression, bipolar disorder, and
schizophrenia (Grigor’ian et al., 2014; Lesh et al., 2018).
Moreover, the frontal cortex has also been associated with
the development of various psychiatric diseases (Clapcote
et al., 2007).

Only the IFNy level was increased in the striatum of Disc!-
Q31L mice compared to WT mice, whereas the concentrations
of other cytokines decreased. Levels of pro-inflammatory cy-
tokines were also lower in the hippocampus and hypothalamus
of mutant mice than in WT mice. Changes in the distribution
of brain cytokines found in Disc/-Q31L mice suggest that
this mutation may contribute to neuroinflammation, which
is an important etiological factor for affective disorders. The
observed increase in the level of anti-inflammatory cytokine
IL-4 in the frontal cortex of Disc/-Q31L mice could reflect
a compensatory response to the elevations of pro-inflammatory
cytokines that occurred in this brain area. These findings are
consistent with previous reports, showing that various forms
of depression-like behavior or aggression are associated
with impaired balance between pro- and anti-inflammatory
cytokines in a number of brain regions including the frontal
cortex and hippocampus (Takahashi et al., 2018; Alperina et
al., 2019; Idova et al., 2019).

DISC1 has been found to form a complex with other intra-
nuclear transcription factors, which mediate the expression of
several genes implicated in behavioral changes resembling hu-
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man psychiatric disorders (Lipina, Roder, 2014). A wide range
of studies on behavioral phenotype of Disc/-Q31L produced
conflicting results. Some data indicate that mice with Q31L
mutation in Disc/ have a depressive-like enodophenotype
(Lipina et al., 2013; Dubrovina et al., 2018; Serykh et al.,
2020), while others did not show significant behavioral diffe-
rences in this strain compared with the WT control in any of the
tests (Shoji et al., 2012). Recent evidence suggests that Disc!-
Q31L mice may also display aggressive behavior (Serykh et
al., 2020). In contrast to the data obtained in other models, in
which animals developing depression-like responses showed
immunosuppression (Alperina et al., 2007; Devoino et al.,
2009; Idova et al., 2013), our results revealed higher immune
reactivity in Disc/-Q31L mice compared to WT control. At
the same time, immune parameters characteristic of Discl-
Q31L mice are more relevant to those observed in aggressive
animals. It may be due to the diverse behavioral phenotype of
these mice displaying not only depression, but also aggressive
behavior (Serykh et al., 2020) that is associated with increased
immune function and specific pattern of cytokines.

However, the mechanisms underlying alterations in periphe-
ral immune parameters and the profile of brain cytokines are
unknown. There is growing evidence that immune mediators
such as cytokines are involved in the interactions between
the immune and neuroendocrine systems and can change the
activity of central neuromediator systems that contribute to
cognitive, behavioral, and brain structure abnormalities seen
in affective disorders (Grigor’ian et al., 2014; Lesh et al.,
2018). It is possible that the immune status of Disc/-Q31L
mice could be related to the neurochemical pattern of the
brain characteristic of this strain. Disc/-Q31L mice have been
shown to have decreased levels of DA combined with DOPAC
increase in the nucleus accumbens (Lipina et al., 2013), known
to implicate in neuroimmunomodulation (Saurer et al., 2006;
Devoino et al., 2009; Al’perina, 2014). There is also data that
the DOPAC/DA ratio, which may reflect the metabolic rate of
DA and synaptic activity, increases under immunostimulation
observed in animals experienced excessive aggression associ-
ated with elevated activity of the DA system (Devoino et al.,
2009; Al’perina, 2014). Taking into account changing DAergic
activity in the brain structures of Disc/-Q31 mice (Lipina et
al., 2013) and the critical role of this system in the control of
aggression and neuroimmunomodulation (Saurer et al., 2006;
Devoino etal., 2009; Al’perina, 2014), it is likely that DA may
contribute to the enhancement of immune function found in
the Discl-Q31 strain.

However, it remains unclear whether variations of central
cytokines are related to brain alterations of monoamines spe-
cific for Disc1-Q31L mice or the Q3 1L mutation determines
their profile. Moreover, it has been found that not only neu-
rotransmitters can affect the production of cytokines (Kawano
et al., 2018), but also cytokines can modulate mediator neu-
rotransmission and promote changes in the neurochemical
pattern of the brain (Dunn, 2006; Felger, Lotrich, 2013).

Conclusions

Our data indicate that the Q3 1L point mutation in the DISCI
gene leading to the substitution of glutamine to leucine
at amino acid 31 has a significant influence on immunity
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and may result in an amplification of peripheral T-cell link
with an increase in the content of CD3+CD4+ T-helpers and
CD3*+CD4+CD25* T-regulatory cell subpopulations, as well
as elevated immune reactivity in the spleen induced by the
antigen. Alterations in the peripheral immune variables are
accompanied with changes in the distribution of pro- and
anti-inflammatory cytokines within brain structures, which
are involved both in the control of different forms of behavior
and in immune function. The Disc/-Q31L mouse strain is a
promising model for further study of the relationships be-
tween genetic factors and neuroimmunological mechanisms
and their implication in the development of psychoemotional
disorders.
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