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Pesome. Ilcuxynyeckue HapylIeHUsS 4acTO COMPOBOXAAIOT ayTOMMMYHHBIE 3a00JIEBaHMS, HAIIPUMED, C
1949 roga U3BECTHO O «<MUKCEAEMATO3HOM O€3yMUMN» — 3TO MCUX03, MPUUYNHOI KOTOPOTO SIBASIETCS TUTIOTH-
peos. Camas yacTasi IpuYMHa TUTIOTUPEe03a — ayTOUMMYHHBIN TUPEOUINUT XalIMMoTo. MI3BECTHO TakkKe 1 O
JIPYTOM TICUXOHEBPOJIOTMYSCKOM PACCTPOMCTBE, aCCOLIMMPOBAHHOM C ayTOMMMYHHBIM TUPSOUIUTOM — 3TO
sHIedamonaTusa XammnMoTo. DHiedanonatus XallMMOTO — 3TO TsKeJloe HapylleHue (PYHKIMWI LEeHTpalb-
HOI HEPBHOI CUCTEeMBbI, ITAaTOreHe3 KOTOPOTo He CBsI3aH ¢ TOPMOHAJIbHBIMUM HapylueHusiMu. M3BecTHO, 4TO
IIUTOKWHBI SIBJISTIOTCSI pETYJIITOpaMU M y4aCTHUKaMU BOCTaJIeHWsI, B TOM YKCJIe M ayTOMMMYHHOTO. Pazyme-
eTCs, KOTlIa peub UACT O BBICOKMX KOHIICHTPAUSIX TPOBOCHAINTEIIBHBIX INTOKMHOB, MBI MOXKEM TOBOPUTH O
cucTeMHOM BocrajieHnr. OqHaKoO MUHUMAaJIbHBIC WU He3HAUYMTEIbHbIC KOJIeOaHUsI IIMTOKMHOB B ITpeaeiax
JIMAana3oHOB, XapaKTePHBIX A1 3M0POBBIX WM ISI HOPMEPTrUUECKOro ocTpoda3zoBoro oTeera rpu 00Jae3HU,
HE MOTYT OBbITh MHTEPIPETUPOBAHBI C TOUKU 3pEHUSI OMHAPHOI 3HIOKPUHOJIOTUYECKOM JJoruku. M3BecTHO,
YTO B LIEHTPAJIbHOUN HEPBHOI cCHCcTeMe IUTOKUHBI CITOCOOHBI BIIMSITh HA HEMPOIHIOKPUHHBII KOHTPOJIb CH-
CTEMHO peryanpyeMbix (GpyHKIM. Heab3st 3a0b1BaTh 1 O TOM, UTO INIMaIbHBIC KISTKHU (ACTPOTJIUSI, MUKPO-
IJIMs1) CIOCOOHBI K MPOAYKIIUY Psiia IMTOKMHOB U MOTYT OKa3bIBaTh TAKUM MyTeM BIMSHNE Ha HEMPOHBI U
pa3BuUTHE MOBeAeHUYECKNX U3MeHeHuii. Kpome Toro, mokaszaHa CIToOCOOHOCTh psijila IIMTOKMHOB BHE CaMoOit
IIHC neiicTBoBaTh Ha BarayibHbIe adphpepeHTHI 1 Yepe3 HUX foHocuTh nHdopmaiuto B LIHC, Biusis Ha ee co-
CTOSTHME M (DYHKIIMU. Pa3yMHO MPEeAIToNIOXNUTh, YTO MUHUMAaIbHBIC KOJIeOaHUsI YPOBHEH MTPOBOCTIAIUTEIb-
HBIX IMTOKUHOB MOTYT OKa3bIBaTh BausiHUE Ha cocTtosiHue u pyHkuuu LITHC. Ienbio nccneapoBaHust ObLIO
M3YYUTh YPOBHU ITPOBOCITAIMTEILHBIX IIMTOKWHOB Y ITALIMEHTOB C ayTOUMMYHHBIM TUPEOUINTOM; Y TTallMeH -
TOB C ayTOUMMYHHBIM TUPEOUINTOM, aCCOLIMUPOBAHHBIM C IICUXUUYECKUMUI HAPYIICHUSIMH; Y TPYIIIBL 310~
POBBIX JIMIT;, ¥ OLIEHUTD BIAUSHUE YPOBHEI IIMTOKMHOB Ha KIMHWYECKUE TIPOSIBIICHUsI. B rpyIire manmneHToB
C TUPEOUIUTOM U IICUXUYECKUMU paccTpoiictBamMu ypoBHU CCL20/MIP3a, 1L-13, IL-2, IL-27, IL-5 obu1un
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JIOCTOBEPHO BBIIIIE, YeM B APYTUX Ipymirax. IIpy 3ToM MexXIy KIMHUUECKUMU ITPOSBIICHUSIMU ITCUXNIECKIX
PACCTPOMCTB 1 YPOBHSIMH IIMTOKMHOB TOJIOXKUTEIBHON KOPPEISIIIUN YCTAHOBJICHO He ObUT0. Ho OBIIa BBI-
SIBJICHA MOJIOXUTEIbHASI KOPPESILUS MEXKIY YPOBHIMU HEKOTOPHIX IUTOKMHOB M CBOOOTHBIM TPUNOATHU-
POHMHOM, a TaKXKe€ YPOBHEM aHTUTUPEOUAHbIX aHTUTeN. [lcuxuyeckue paccTpoiiCTB, aCCOLIMMPOBAHHBIE C
ayTOMMMYHHBIM TUPEOUINTOM MOTYT OBITh CBSI3aHBI C U3MEHEHUSIMHU B IIMTOKUHOBOM MPOGUIIC U SIBIISIThCS
pe3yIbTaTOM HEeHPOBOCITAICHUSI.

Karouesvie crosa: yumokumnsl, mupeoudum, Helipogocnanenue, nCUxXu4ecKue paccmpoiicmea, snyegaironamus Xaumumomo,
wusoppenus

ROLE OF PROINFLAMMATORY CYTOKINES IN HASHIMOTO’S
THYROIDITIS ASSOCIATED WITH PSYCHIATRIC DISORDERS

Sobolevskaya P.A.?, Gvozdetskiy A.N.", Kudryavtsev LV.¢,
Chereshnev V.AY, Churilov L.P.2

@ St. Petersburg State University, St. Petersburg, Russian Federation

b I. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation

¢ Institute of Immunology and Physiology of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg,
Russian Federation

Abstract. Mental disorders often accompany autoimmune diseases, for example, since 1949 it has been
known about “myxedematous madness”, a psychosis caused by hypothyroidism. The most common cause
of hypothyroidism is Hashimoto’s autoimmune thyroiditis. It is also known about another neuropsychiatric
disorder associated with autoimmune thyroiditis, Hashimoto’s encephalopathy. It is a severe dysfunction of
the central nervous system, the pathogenesis of which is not associated with hormonal disorders. Cytokines are
regulators and participants of inflammation, including autoimmune. Certainly, when we are talking about high
concentrations cytokines, we mean systemic inflammation. The minimal or mediocre fluctuations in cytokines
within the ranges that are characteristic of healthy status or normergic acute phase response in disease cannot be
interpreted from the point of view of binary endocrinological logic. In the CNS, cytokines are able to influence
on the neuroendocrine control of systemically regulated functions. It is also important that glial cells (astroglia,
microglia) are capable of producing a number of cytokines and can affect neurons and develop behavioral
changes. In addition, the ability of a number of cytokines outside the CNS itself to act on vagal afferents
and through them to convey information to the CNS, affecting its state and functions, has been proven. It is
reasonable to assume that minimal fluctuations in cytokine levels may also affect the state and function of the
CNS. The aim of the study was to investigate the levels of cytokines in patients with thyroiditis; in patients
with thyroiditis associated with mental disorders; in a group of healthy individuals; and evaluate the effect of
cytokine levels on clinical manifestations. In the group of patients with thyroiditis and mental disorders, the
levels of CCL20/MIP3a, 1L-13, IL-2, IL-27, IL-5 were significantly higher than in other groups. At the same
time, no positive correlation was found between the clinical manifestations of mental disorders and the levels
of cytokines. A positive correlation was found between the levels of some cytokines and free triitodothyronine,
as well as the level of antithyroid antibodies. Mental disorders associated with autoimmune thyroiditis may be
associated with changes in the cytokine profile and result from neuroinflammation.

Keywords: cytokines, thyroiditis, neuroinflammation, psychiatric manifestations, Hashimoto’s encephalopathy, schizophrenia
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Introduction

Mental disorders often accompany autoimmune
diseases. In 1949, “myxedematous madness” was
described, a psychosis associated with hypothyroidism.
The main cause of hypothyroidism in areas without
iodine deficiency is Hashimoto’s autoimmune thy-

roiditis (AIT), affecting up to 15% of the female and
1-5% of the male population in some regions [1].
The focus of modern thyroidology is Hashimoto’s
encephalopathy (HE), a severe dysfunction of the
central nervous system (CNS) against the background
of AIT, manifested by various psychoneurological and
behavioral disorders, the pathogenesis of which is
not associated with hormonal disorders, since HE is
observed in euthyrosis [15].
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When evaluating data regarding the systemic
concentrations of cytokines in mental disorders, it is
worth to notice that cytokines are not hormones, but
chemical bioregulators of short-distance focal, contact
and zonal action (paracrine, juxtacrine, and autocrine
modes of signaling). The minimal or mediocre
fluctuations in concentrations within the ranges that
are characteristic of healthy status or normergic acute
phase response in disease cannot be interpreted from
the point of view of binary endocrinological logic. The
direction of a particular cytokine effect on various cells
differs in paracrine versus systemic modes of action,
depending on the contextual permissive background
of other bioregulators acting locally or systemically at
the moment [8, 14].

However, the central nervous system (CNS),
in particular, its hypothalamic area, undoubtedly
is accessible to the effects of cytokines through the
systemic circulation and from local glial/neuronal
interactions. Both may alter the neuroendocrine
control of systemically regulated functions [11].
The elements of the intra-barrier and extra-barrier
immune systems of the brain, in particular, glial cells
are capable of producing a number of cytokines and
can thus influence neurons and induce behavioral
changes [9, 11]. In addition, it has been proven that
cytokines outside the CNS itself are able to affect vagal
afferents thus conveying information to the brain [6].

Aim: to study the cytokine profile in Hashimoto’s
autoimmune thyroiditis (AIT), both in mentally intact
patients and in those having psychiatric disorders
(PD), and to evaluate the relationships of cytokine
levels with clinical manifestations

Materials and methods

We have studied three groups of patients: Three
groups of patients were involved: 1) AIT+PD, 27
patients (mean age 53.7%£16.0 years), having various
psychiatric diagnoses verified at specialized hospital
(among them: schizophrenia (n = 15), obsessive
compulsive disorder (n = 1), Alzheimer disease
(n = 1), dementia (n = 4), bipolar affective disorder
(n=4), organic delusional disorder (n = 1), depression
(n = 1)). 2) AIT, 30 mentally healthy patients with
Hashimoto’s thyroiditis (mean age 48.1+12.0 years) 3)
HC — 30 mentally and somatically healthy individuals
(mean age 40.61+12.4 years). An informed consent was
obtained from all participants prior to the study. The
study was approved by the Ethics Committee of St
Petersburg State University (protocols No. 76 dated
06/30/2017, No. 84 dated 06/20/2018 and No. 10/19
dated 10/17/2019).

The cytokine concentrations in peripheral venous
blood serum were measured by multiparametric
fluorescent analysis on a Luminex device, MagPix
model (Luminex Inc., USA) with a commercial

Human Thl7 Magnetic Bead Panel kit (Merck,
Germany), the study was carried out according to the
manufacturer’s instructions.

Laboratory studies of autoantibodies and hormo-
nes in peripheral venous blood serum were carried
out on a BioMark xMark plate spectrophotometer
(Bio-Rad, USA). Quantitative assessments of serum
concentrations of anti-thyroperoxidase antibodies
(anti-TPO), anti-thyroglobulin antibodies (anti-TG),
free thyroxine (FT4), free triiodothyronine (FT3),
thyroid stimulating hormone (TSH), and prolactin
were carried out using commercial kits of reagents from
Hema-Medica (Russia). The level of autoantibodies
to alpha-enolase were measured using reagent Kits
from Cusabio Biotech Co., Ltd (PRC). Each study
was performed according to the kit manufacturer’s
instructions.

Common methods of variation statistics were
applied. Absolute values and fractions of the whole —
n (%) were used to describe categorical variables.
Continuous, discrete,and rank variableswere described
by the median and quartiles: Me (Qg,s-Q,7s) [12].
Intergroup analysis was performed using the
Mann—Whitney test (U-statistics). Spearman’s test
(r-statistics) was used to perform correlation ana-
lysis between quantitative, countable and ordinal
characteristics [12]. To assess the association of
categorical variables with quantitative ones, a
logistic model with an ordered choice was used,
where the coefficient of the model (the logarithm
of the odds ratio (log (odds)) served as a measure of
association [4]. Improvement for multiple testing
of hypotheses was carried out by the Benjamini—
Hochberg correction [3]. The results were considered
statistically significant if the probability of error of the
first kind (p) was < 0.05 [13]. The calculations were
performed in the programming language R v. 4.1.0.

Results and discussion

The serum concentrations of 12 cytokines in
3 groups of patients were analyzed. The levels of
CCL20/MIP-3a (from the English “Macrophage
Inflammatory Protein-3") and IL-13 were statistical-
ly significantly different in all three groups of patients,
the highest levels of these cytokines were in patients
from the AIT + PD group, and the lowest in healthy
individuals. And the levels of IL-2 and IL-27 were
statistically significantly higher in patients from the
AIT + PD group than in healthy individuals, while
the level of 1L-27 was statistically significantly higher
in patients with psychiatric disorders, compared with
patients only with Hashimoto’s. IL-21 and IL-5
levels were statistically significantly higher in the AIT
group and in the AIT+PD group compared to the HC
group. And the level of IL-15, on the contrary, was
statistically significantly higher in the group of heal-
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TABLE 1. RESULTS OF ANALYSIS OF THE LEVELS OF VARIOUS CYTOKINES IN THE STUDIED GROUPS, Me (Q, ,5-Q,75)
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individuals- HC Hashimoto’s o options (p)
oo AT | e
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- + p=0.7
HC - AIT p <0.001*
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Note. *, are marked values p < 0.05 (according to the Mann-Whitney U test).
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Figure 1. Results of correlation analysis between cytokine levels and various psychiatric and hypothyroid symptoms in

patients with Hashimoto’s thyroiditis and psychiatric disorders

thy individuals than in other groups. And the levels of
IFNy, IL-1p, IL-12P70, IL-17A and TNFa did not
differ significantly in the study groups. The results are
presented in Table 1.

Thus, both IL-13 and IL-5 were significantly
higher in patients with mental disorders. Both of
these cytokines belong to Th2-dependent, and their
production is closely related, which probably explains
the concordance of their changes in AIT. The increase
in their production in AIT was also recorded by other
authors. IL-13 is associated with the development
of von Basedow-Graves disease, it is expressed not
only in lymphocytes, but also in thyrocytes, and its
production depends on TSH and its receptor [2].

To assess the mechanistic role of these changes,
we evaluated the correlations between cytokines and
hormones or autoantibodies. In AIT+ PD group,
statistically significant direct correlations were found
between the concentrations of FT3 and two cytokines:
IL-1B (r = 0.42; p = 0.031) and IL-15 (r = 0.51;
p = 0.015). This could result from the ability of these
cytokines to alter hypothalamic-pituitary regulation
of endocrine functions through vagal afferents that
bear their receptors [8]. The finding is also quite
consistent with the exclusive role of FT3 in the central
nervous system: it is this particular hormone that
has receptors on microglial cells and controls the
processes of their neuroinflammatory activation and
phagocytic behavior [10].

While analyzing the relationships between cyto-
kines and various autoantibodies in AIT + PD group,
we found significant direct correlations between the
concentration of antibodies to TG and some cyto-

kines: IL-15 (r = 0.55; p = 0.008) and IL-27 (r = 0.4;
p=0.038). IL-151is known to be a cytokine stimulating
memory T cells, CD8* lymphocytes and enhancing
immune responses against intracellular parasites,
but may also promote autoimmune inflammation in
some autoimmunopathies. However, it also promotes
T regulator differentiation under certain permissive
conditions [5] which is in agreement with our results.

AIT patients without mental disorders had sta-
tistically significant inverse correlations between anti-
bodies to TPO and IL-12P70 (r = -0.54; p = 0.021)
and IL-17A (r = -0.72; p = 0.003) During the
analysis of the relationship between cytokine levels
and various clinical symptoms of mental disorders
or hypothyroidism, almost all cytokines were nega-
tively correlated with clinical manifestations,
that is, the higher was the cytokine level, the less
pronounced was the symptom (Figure 1). However,
IL-1B levels were positively correlated with signs
of depression (Figure 1). The data obtained in this
study can be interpreted taking into account that
cytokines can shift tryptophan metabolism in the
CNS towards kynurenine pathway, which contributes
to neurotransmitter disorders involved in the patho-
genesis of schizophrenia [7].

Conclusion

Mental disorders in AIT are related to characteris-
tic changes in cytokine profile, which may result from
neuroinflammation and associated with the level of
anti-thyroid autoimmunity (anti-TG antibodies) as
well as with the level of FT3.
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