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Pestome. 11IuzodpeHrs — XpoHUUYECKOe TICUXUYECKOoe 3a00jieBaH1e, KOTOPOE BBI3bIBACTCSI CIOXKHOM Ia-
JIMTPOI TeHETUYECKHUX, STTUTeHETUYECKUX (PAKTOPOB U MOBPEXKAAIOIINX BO3ACHCTBUI OKPYKAIOIIe Cpe/bl.
IIuzodpeHrst cOnpoBOXIAETCS CTPYKTYPHBIMM MU3MEHEHUSIMU TOJJOBHOTO MO3Ta, aCCOLIMMPOBAHHBIMMU C
KJIMHUYECKOM cuMnToMaTtukoii. K 3HaYMMBIM IMaTOreHETUYECKUM KOMITOHEHTaM IMM30(PEHUN OTHOCST-
¢Sl UMMYHOJIOTUYECKIME HapyIIeHUs U CUCTEMHOE BOCIIaJIeHUE, TIPUBOISIINE K HeMpPOBOCHaIeHUIO, KOTO-
poe SIBJISIETCST BaXKHBIM (paKTOPOM B Pa3BUTUM CTPYKTYPHBIX M3MEHEHU Mo3ra. PaHee HaMM 1TOKa3aHoO, YTO
MOBBIIICHUE YPOBHSI MHTepJIeiiKuHa-17A cBsizaHO ¢ MOP(HOMETPUUYECKUMU U3MEHEHUSIMUA MO3Ta, aKTHBa-
Yeil cucTeMHOro BocnajeHus: 1 Th2-3BeHa aganTUBHOTO UMMYHMTETa NpuU In3odpeHnn. [eHeTuIecKuia
noauMopdusm IL17A G-197A (1s2275913) MoxXeT BIUSITh HAa YPOBEHb CeKpelluu uHTepaeiikuHa-17A. Lle-
JIbIO TaHHOI pa®OThI ObLIO U3YYeHUE accolialuii Mexay noaumopdusmoM IL17A G-197A, usmMeHeHUIMU

Anpec A5 nepenyucKu:

Manawenkoea Hpuna Koncmanmunosna
Hauyuonanvnuiii uccredosamenvckuil yeHmp
«Kypuamoesckuii uncmumym»

123182, Poccusi, Mockea, na. akademuka Kypuamosa, 1.
Tea.: 8(916) 935-73-09.

E-mail: malashenkova.irina@bk.ru

Address for correspondence:

Irina K. Malashenkova

National Research Center “Kurchatov Institute”
1 Acad. Kurchatov Sq

Moscow

123182 Russian Federation

Phone: +7(916) 935-73-09.

E-mail: malashenkova.irina@bk.ru

Oo0pasen NMTHPOBAHMS:

U.K. Masrawenkosa, B.JI. Ywakoe, C.A. Kpvinckuii,
J.1I1. Ocypyos, H.A. Xaiinos, A.FO. PamywHnubiii,

FE.A. Quaunnosa, H.B. 3axaposa, I'.Il. Kocmiok,

H.A. ludkoseckuii «OyeHka 83aumocensu noAumMoppusma
IL17A G-197A ¢ ummyHnonoeuvecKkumu HapyuleHusmu

U CMPYKMYPHbIMU U3MEHEHUSIMU M032a NPU WU30ppeHuu»
// Meduyunckas ummynonoeus, 2023. T. 25, No 5.

C. 1225-1232.

doi: 10.15789/1563-0625-A01-2806

© Manawenkosa U.K. u coasm., 2023

Dma cmamosi pacnpoCmMpaHsiemcst No AUUEH3UU
Creative Commons Attribution 4.0

For citation:

1I.K. Malashenkova, V.L. Ushakov, S.A. Krynskiy,

D.P. Ogurtsov, N.A. Khailov, A.Yu. Ratushnyy, E.A. Filippova,
N.V. Zakharova, G.P. Kostyuk, N.A. Didkovsky “Associations
of IL17A G-197A single nucleotide polymorphism with
immunological parameters and structural changes of the

brain in schizophrenia”, Medical Immunology (Russia)/
Meditsinskaya Immunologiya, 2023, Vol. 25, no. 5,

pp. 1225-1232.

doi: 10.15789/1563-0625-A01-2806

© Malashenkova I.K. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-A01-2806

1225



Manawenkoea U.K. u op. Meoduyunckas Ummynonoeus
Malashenkova I.K. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

UMMYHUTETa 1 MOPMHOMETPUIECKUMHU TTOKa3aTeIIMU MO3Ta Yy OOJIbHBIX IS TIOJTyYeHUST HOBBIX TaHHBIX 00
MMMYHOIIaToreHe3e mu3odpeHuun. B ocHoBHYIO rpymity Bouwiu 60 4esIoBeK ¢ AMarHO30M <«IU30(PEHUS»
B Bo3pacTe oT 18 mo 42 neT. KOHTpOAbHYIO TPYIITYy COCTaBMIIM 85 YyenoBeK 0€3 KOTHUTUBHBIX HAPYIIEHUIA,
COITOCTAaBUMBIX C OOJIBHBIMHU IO TTOJTy M Bo3pacTy. JIsT ompeneeHUsT KOHIIEHTPAIIMKA IIMTOKUHOB 1 XEMO-
KWHOB B CBIBOPOTKE KPOBU UCTOJIb30BAJICS MYJBTUIIIEKCHBINM aHanu3. [Tomumopdusm rena IL17A G-197A
onpenessiii MeTOAOM ITOJIMMEPA3HOM LIEMMHOM peaKIUK C 3JIeKTPOhOPEeTUIECKON IeTeKIIMe TPOIYKTOB aM-
mudukamyu. B pesyabrare mpoBe1eHHOTO UCCIeA0BaHMS BIIEPBbIC ObUT BBISIBJICH PSIIT B3AaUMOCBSI3EH MEXKITY
reHeTYecKUM TtomMopduzmom IL17A G-197A u mrokazaTesiMiu IMMYyHHUTETa Y OOJIBHBIX N30 peHUCH.
V Hocuteneli annens G HaGM0HaT0Ch 3HaUMTENbHOE TToBbIIeHe [FNy — kirtoueBoro untoknHa Th1-3BeHa
aJanTUBHOTO UMMyHUTeTa, U IL-8 — xeMoKuHa, SBISIOIIErocs MeauaTtopoM BocnajeHus. Takxke y 00Jib-
HBIX — Hocutenel aiesu G ObLIO OTMEYEeHO MoBbIlIeHHe ypoBHsI xeMoknHa CXCL16, KOTOpbIii MOXET
CTUMYJIMPOBATh CEKPEIINIO IPYTUX MPOBOCHAIMTEIFHBIX XeMOKIMHOB 1 yJ4acTBYeT B akTuBalmu Thl-3BeHa
aganTUBHOTO MMMYyHHUTeTa. KpoMe Toro, B JaHHOM McCJIeJoBaHUU Obljla BIIEpBbIe OOHAPYKeHa acCOIlUaIIns
rerepo3urotHoro reHotumna GA nogumopdusma IL17A G-197A co cHUXKeHHEM TOJIIIMHBI KOPbI TOJJOBHOTI'O
Mo3ra B psifie obaacTeil ppoHTaIbHOM KOpHI MpH mu3odpeHun. M3amMeHeHNsT TOJIIUHBI KOPbl B HEKOTOPBIX
M3 3TUX 00JIacTeit, BKIIOYAsl CPETHIOK JOOHYIO M3BWIMHY U OpOUTOMPOHTAIBHYIO KOPY, CBSI3aHO C I1aTO-
T€HE30M HEraTUBHOW CUMITTOMATUKHU Y OOJbHBIX. [ToydeHHBIe pe3yabTaThl CBUAETEIbCTBYIOT O BaXKHOCTHU
UMMYHOTeHeTUYeCKUX (haKTOPOB B IMaTOreHe3e Mu30MpeHU 1 MOKa3bIBaIOT MEePCHEKTUBHOCTD HajbHeulIIe-
ro usydyeHus noaumopdusma IL17A G-197A Ha pacimpeHHBIX BRIOOPKAX OOJBLHBIX KaK MOTCHIINAIbHOTO
onoMapKkepa UMMYHHOM TUCPETYJISITUN U MOP(MOMETPUIECKIX U3MEHEHN MO3Ta TP IMN30(ppeHUN.

Karouesnie cnosa: xemokunsl, yumokunsl, 1L-17A, maecHumnas pe3oHancras momozpagus, 00HOHYKAeOMUOHbLI NOAUMOPDU3M,
CPeOHsAS MOAWUHA KOPbL, WU30PDPEeHUs

ASSOCIATIONS OF IL17A G-197A SINGLE NUCLEOTIDE
POLYMORPHISM WITH IMMUNOLOGICAL PARAMETERS AND
STRUCTURAL CHANGES OF THE BRAIN IN SCHIZOPHRENIA
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Abstract. Schizophrenia is a chronic mental disorder that is caused by a complex palette of genetic,
epigenetic and environmental factors. Some of the important components of its pathogenesis are systemic
inflammation and the dysfunction of immunity, which lead to neuroinflammation, contributing to development
of structural brain changes. Earlier we have shown that increase in interleukin-17A levels is associated with
morphometric changes and immune dysregulation in schizophrenia. IL17A G-197A (1rs2275913) genetic
polymorphism is involved in determining interleukin-17A secretion. The goal of this work was to investigate the
associations between rs2275913 polymorphism, immune disorders and structural neurovisualization findings
in schizophrenia to provide new insights into the immunopathogenesis of this disease. 60 patients aged 18 to 42
years diagnosed with schizophrenia were enrolled. 85 healthy volunteers were included into the control group.
Multiplex assay was used to determine cytokine and chemokine serum levels. Rs2275913 polymorphism was
assessed by polymerase chain reaction with electrophoretic detection of amplification products. A number of
relationships between rs2275913 polymorphism and the immune parameters in schizophrenia were revealed.
Carriers of G allele showed significant increase in IFNy, a key cytokine of Th1-link of adaptive immunity, and
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1L-8, an inflammatory chemokine. Also, increased levels of CXCL16 were observed in patients carrying the G
allele. CXCLI16 activates secretion of other proinflammatory chemokines and is involved in activation of Th1
adaptive immunity. Associations of heterozygous GA genotype with reduced cortical thickness in a number of
areas of the frontal cortex in schizophrenia were found. Changes in cortical thickness in some of these areas,
including middle frontal gyrus and orbitofrontal cortex, can be relevant to the pathogenesis of schizophrenia.
The results highlight the importance of immunogenetic factors in the pathogenesis of schizophrenia and indicate
that the rs2275913 polymorphism requires further studies as a potential biomarker of immune dysregulation

and morphometric brain changes in schizophrenia.

Keywords: chemokines, cytokines, IL-17A, magnetic resonance imaging, mean cortical thickness, schizophrenia, single nucleotide

polymorphism
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Introduction

Schizophrenia is a chronic mental disorder that is
caused by a complex palette of genetic, epigenetic and
environmental factors [5]. Symptoms of schizophre-
nia include disturbances in thinking, cognitive func-
tion, affects, emotional and psychomotor disorders.
Schizophrenia is also characterized by structural
brain changes that are associated with the severity and
character of clinical symptoms, as well as with the
duration of the disease [13].

The modern genetic, immunological, neuro-
imaging and other research methods allow to accu-
mulate a large amount of data on the multiple factors
of schizophrenia pathogenesis, which have not been
fully deciphered yet. One of the most important
components of the pathogenesis of schizophrenia is
associated with dysfunction of immunity and systemic
inflammation, which lead to the development of
neuroinflammation and dysregulation of the immune
response in the CNS [7]. Neuroinflammation is an
important factor in the development of structural
changes of the brain in schizophrenia. Therefore, it is
important to study the role of immunogenetic factors
that can influence systemic inflammation, immune
dysregulation and inflammation in the development of
morphometric changes of the CNS in schizophrenia.

In our previous studies, elevated levels of the
cytokine IL-17A were found to have significant
associations with morphometric changes of the brain
in schizophrenia patients, and were also associated
with systemic inflammation and activation of the Th2
type of the adaptive immune response [3].

The cytokine IL-17A plays a key role in protection
against extracellular bacterial and fungal infections.
However, overproduction of this protein is associated
with immunoinflammatory and autoimmune di-
seases. The main source of IL-17A are Th17 cells,

which induce local inflammatory processes in
response to extracellular pathogens and autoimmune
responses [1]. The pathogenetic role of IL-17A
in neurodegenerative diseases and inflammatory
CNS diseases is widely studied and is due to the
fact that it can stimulate proinflammatory cytokine
synthesis by microglial cells of the central nervous
system (CNS), increase the permeability of the
blood-brain barrier (BBB), permeate the BBB,
support neuroinflammation and promote excessive
activation of the glutamatergic neurotransmitter
system. This leads to excitotoxic neuronal damage
and has a depressing effect on neurogenesis in the
hippocampus [2].

Therefore, it is relevant to study the factors
influencing IL-17A levels in schizophrenia and
their possible contribution to the development of
morphometric changes of the brain in patients. The
IL17A G-197A (1rs2275913) genetic polymorphism
is involved in determining IL-17A secretion. This
SNP is located in the promoter region of the gene,
near the nuclear factor of activated T cells (NFAT)
binding motif. It has been suggested that substitution
of nucleotide G for A in this position can lead
to changes in IL-17A cytokine production [8].
Therefore, it is relevant to study the relationship of
IL17A G-197A SNP with immunological disorders
and morphometric parameters of the CNS in patients
with schizophrenia [10].

The aim of this work was to investigate the asso-
ciations between the IL17A G-197A polymorphism,
immune disorders and the findings of structural brain
MRI in schizophrenia patients to provide new insights
into the immunopathogenesis of schizophrenia.

Materials and methods

The clinical sample consisted of 60 patients aged
18 to 42 years diagnosed with schizophrenia (F20.0)
who were undergoing treatment at N.A. Alekseev
Psychiatric Clinical Hospital No.l. 85 persons wit-
hout cognitive impairment (31 men, 54 women),
comparable with patients with schizophrenia by sex
and age, were included into the control group. All
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participants signed an informed voluntary consent
form. The conduct of the study was approved by the
local ethical committee of the National Research
Center “Kurchatov Institute” (No. 5 0f 05.04.2017).

The content and functional activity of lymphocyte
subpopulations were analyzed by flow cytoflowmetry.
Monoclonal antibodies for immunophenotyping
manufactured by Becton Dickinson (USA) were used
for cell staining.

A multiplex assay (Merck Millipore, Germany)
was used to determine cytokine and chemokine
concentrations in blood serum.

IL17A G-197A gene polymorphism was deter-
mined by PCR with electrophoretic detection of
amplification products. Two parallel amplification
reactions with two pairs of allele-specific primers
were performed. PCR amplification products were
separated in a 3% agarose gel. Ethidium bromide
solution was used as a dye to visualize PCR products
in the gel.

MRI brain scans were performed on a Siemens
Magnetom Verio 3T magnetic resonance imager
(Siemens GmbH, Germany). A 32-channel brain coil

was used to acquire data. High-resolution anatomical
data based on T1-weighted sequences (TR = 1900 ms,
TE = 2.21 ms, 176 slices, voxel size 1 x 1 x 1 mm?)
were obtained for gyrification, grey and white matter
morphometry, and cerebrospinal volume for each
subject. The obtained structural images were analyzed
in Freesurfer program designed for processing and
analysis of human brain MRI. This program allowed
a complete morphometry of the brain. Based on the
analyzed data, the index of local cerebral gyrification
was calculated.

Excel (Microsoft, 2010) and STATISTICA 10
(Stat Soft, 2010) programs were used for statistical
processing. The Shapiro-Wilk test was used to assess
the normality of the distribution. Results were
presented as means with 95% confidence intervals;
when comparing two groups, the significance of
differences was assessed using Student’s test. In the
case of discrete variables, Fisher’s exact test was used
to assess the significance of differences. Differences
between variables were considered statistically
significant at p < 0.05.

TABLE 1. FREQUENCY OF IL17A G-197A SNP IN PATIENTS WITH SCHIZOPHRENIA AND IN HEALTHY CONTROLS

Total Homozygotes for Homozygotes for
_ number |  the 1%t allele Heterozygotes the 2" allele
Polymorphism Group of
patients n % n % n %
IL17A G-197A Schizophrenia 85 29 34.1 39 459 17 20.0
(rs2275913) Controls 100 80 80.0 19 19.0 1 1.0
Note. *, significant differences with the control group (p < 0.05).
TABLE 2. ASSOCIATIONS BETWEEN IL17A G-197A SNP, CYTOKINE, CHEMOKINE LEVELS AND CELL IMMUNITY
PARAMETERS IN PATIENTS WITH SCHIZOPHRENIA
Parameter GG GA AA Controls
106.6£54.0 169.3+109.8
IFNy, pg/mL 5 =0036 5 =0038 85.8161.5 48.1+26.9
71.5+32.7 89.2+36.9
IL-8, pg/mL *p=0028 *p = 0.005 56.6+50.9 26.3+14.6
CCL3, pg/mL 1194.8+2441.1 4*7'11:25'3 27.2422.6 25.4+9.0
p =0.026
CXCL16, pg/mL 774.4+147.78 70?'{)82252);& 690.0+56.4 639.9+36.7
. 16.1+4.1
CD3-CD16*CD56* (NK cells), % 12.3£2.7 10.0£2.3 *p = 0.04 11.9£1.9
CD3-CD8*CD16*CD56* 6.6+3.2
(CD8* expressing NK cells), % 42415 3.3£1.9 *p=0.04 3.7£06

Note. *, significant differences with the control group (p < 0.05).
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Results and discussion

The study to identify the IL17A G-197A
(rs2275913) polymorphism of the IL17A gene revea-
led statistically significant differences in the frequency
of this SNP between the schizophrenia patient group
and the control group (Table 1).

As a result of this study, a number of relationships
between the studied genetic polymorphism IL17A
G-197A (rs2275913) and the immune parameters in
schizophrenia patients were revealed for the first time
(Table 2).

Thus, carriers of G allele of the investigated SNP
showed significant increase in IFNy, a key cytokine of
Thl-link ofadaptive immunity, and IL-8, a chemokine
mediating inflammation. In AA homozygotes, these
indices did not differ from the norm. However, they had
an increased content of CD3-CD16"CD56"NK cells
and of CD8" expressing CD3-CD8"CDI16"CD56*"NK
cells. According to the literature, this subpopulation of
NK cells has an immunoregulatory function and may
contribute to neuroprotection in brain diseases [6].
The association between IL17A G-197A SNP and
CD3-CDS8"CD16"CD56*NK cells content has not
been previously studied and requires further research.

In addition, carriage of the G allele of SNP IL17A
G-197A was found to be associated with a tendency
for elevated levels of the chemokine CCL3. This pro-
inflammatory chemokine has a marked chemotactic
effect on neutrophils, monocytes and macrophages.
Previous studies involving this chemokine in
patients with schizophrenia did not show significant
differences with controls, which may have been due to
insufficient statistical power of sampling [11].

Also, increased levels of CXCL16 were observed in
patients carrying the G allele of SNP IL17A G-197A.
This chemokine is expressed by mononuclear pha-
gocytes after stimulation by the proinflammatory
cytokines IFNy and TNFa. It can activate the
secretion of other proinflammatory chemokines and
is involved in activation of the Thl type of adaptive
immune response [14].

According to our previous studies, elevated
IL-17A levels are associated with marked immune
abnormalities and with cortical morphometric chan-
ges in schizophrenia [4]. In this study, the G allele of
SNP IL17A G-197A was shown to be associated with
activation of systemic inflammation and signs of Thl
activation of the adaptive immune system in patients.
It is possible that the effect of this SNP on the state

TABLE 3. MEAN CORTICAL THICKNESS IN PATIENTS WITH SCHIZOPHRENIA DEPENDING ON THE SNP ALLELE IL-17A

G-197A
AA AG GG Controls
Indicator m o m o m o m o

Caudal part of the middle frontal |, . 0.13 245* | 0.2 2.58 0.14 2.66 0.14
gyrus (right)
Precentral gyrus (left) 2.49 0.12 2.46* 0.10 2.65 0.10 2.62 0.14
Rostral part of the middle frontal | =, ,\ | (43 | 240 | 009 | 246 | 011 254 | 013
gyrus (left)
Lateral orbitofrontal cortex 272 | o014 | 266*| 0.1 272 | o1 281 | 0.1
(right)
Rostral part of the middle frontal |, ,; 0.13 237* | 0.0 2.39 0.11 2.53 0.16
gyrus (right)
Precentral gyrus (right) 2.45 0.19 2.40* 0.12 2.59 0.14 2.56 0.16
Pars orbitalis of the inferior N
frontal gyrus (IFG) (left) 2.79 0.20 2.75 0.20 2.82 0.12 2.96 0.17
Pars triangularis of the inferior .
trontal gyrus (IFG) (loft) 2.42 0.18 2.46 0.14 2.49 0.07 2.60 0.14

Note. *, significance of differences p < 0.005 compared to the control group.
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of immunity is due to changes in the local IL-17A
secretion, although this requires further research.

Considering the results obtained in this study
indicating the effect of SNP IL17A G-197A on
the severity of immune disorders in patients, the
association of SNP IL17A G-197A (rs2275913) with
the average thickness of the large hemispheric cortex
in schizophrenia was assessed (Table 3).

The data presented in Table 3 suggest an association
of the heterozygous GA genotype of the SNP IL17A
G-197A with reduced cortical thickness in a number
of areas of the frontal cortex in schizophrenia.
Changes in cortical thickness in some of these areas
can be relevant to the pathogenesis of the disease,
particularly to the development of negative symptoms
in patients, which include apathy and abulia, as well
as disturbances in memory, attention, thinking and
speech. One such area is the middle frontal gyrus,
which is divided into upper and lower parts by the
middle frontal sulcus. Reduced middle frontal gyrus
volume has been found to be associated with impaired
episodic memory [9]. It is also known that the middle
frontal gyrus is associated with reading, writing and
numerical literacy skills, while the left middle frontal
gyrus is also active in tasks requiring the actualization
of verbal memory and word articulation, and supports
the feedback system during verbal activity [15].

The orbitofrontal cortex is an area of the brain
that plays an important role in the implementation
of volitional functions and the regulation of behavior,
as well as in emotional reinforcement in learning.

References

According to the literature, structural changes in the
orbitofrontal cortex and disruptions in its functional
connections with surrounding structures can lead to
cognitive and behavioral disorders associated with
impaired decision-making and emotion regulation.
Decreased cortical thickness in these areas has been
confirmed by other studies of brain morphometrics
in schizophrenic patients, but the association of these
changes with the SNP IL17A G-197A has been shown
for the first time [12]. The findings indicate that SNP
IL17A G-197A requires further research as a potential
biomarker of adaptive immunity dysregulation
and morphometric abnormalities in the brain in
schizophrenia.

Conclusion

In conclusion, the results of this study demonstrate
the association of increased chemokine levels and
changed content of NK-cell subpopulations in
schizophrenia patients with carriage of SNP IL17A
G-197A (1s2275913) and also demonstrate the
association of carriage of this polymorphism with
morphometric changes in the cerebral cortex. The
results indicate that SNP IL17A G-197A requires
further studies on expanded samples of patients
as a potential biomarker of immune dysregulation
and morphometric abnormalities in the brain in
schizophrenia. The findings can be translated into
practice for use in predicting the course of the disease,
the development of structural brain abnormalities,
and the selection of therapy in schizophrenia.
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