Meoduyunckas ummyHonoeus
2023, T. 25, Ne 5,
cmp. 1233-1240

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2023,Vol.25, No 5, pp. 1233- 1240

Kpamxkue coobuenus
Short communications

YPOBEHb XEMOKWHOB U APYITMX MEAUATOPOB
BOCMNAJIEHUS Y NAUMEHTOB C MATKUM KOrHUTUBHbIM

CHWXEHUEM, NPOXOAALLNX PEABUJTUTALUIO

Manameukosa VILR." %, Kpbiackuii C.A.Y, Orypros JL.IL" 2
Xaitros HA., Measaurosa B.J1.!, Aunpromenxo A.B.>%, Casniaos B.B.2,
Kypmbnues M.B.2, Koctiok I'.IL3, Iuakosckmicn H.A.2

! Hayuonanohwlii uccaedosamenvciuii uenmp «Kypuamoeckuii uncmumym», Mockea, Poccust

2@I'BY «DedepanvHblii HAYUHO-KAUHUMECK UL UEHMP DUUKO-XUMUYECKOU MeOuulHbl Dedepanbho2o Meouko-
ouonoeuueckoeo azeumcmea Poccuu, Mockea, Poccus

3 I'BY3 eopoda Mockewt «[lcuxuampuueckas kaunuueckas ooavruua No I umenu H.A. Anexceesa» Jlenapmamenma
3dpasooxpanenus eopoda Mockewt, Mockea, Poccus

*@rbOY BO «Mockosckuii eocydapcmeennniii ynugepcumem umenu M. B. Jlomonocosa», Mockea, Poccus

Pe3iome. bosnesHb AnblireiiMepa — HanboJee pacrpocTpaHeHHOE HelipoJereHepaTUBHOE 3a00JIeBaHNE B
MOXMJIOM BO3pacTe. B yacTu ciydyaeB ee pa3BUTHIO TIPEAIIECTBYET TOAEMEHTHAs CTausl — MSITKOEe KOTHU-
TUBHOE CHUKEeHUE. BaXKHBIM KOMIIOHEHTOM IMaTOTeHe3a HellpoiereHepallny SIBJISIETCSI XPOHUUECKOe HEMpo-
BOCTaJIeHUe (BOCITAJIMTEIbHASI aKTUBAIINSI MUKPOTJINY U aCTPOILIMTOB B MO3T€), PAa3BUTHIO U TTOIJIEPXKAHUIO
KOTOPOTO MOXKET CITOCOOCTBOBATH CUCTEMHbI BOCITAJIMTEIbHBIN OTBET BCJIEACTBUE HAPYIICHUS UMMYHHOU
perynsituu. Mi3yueHne ypoBHsI XeMOKUHOB y TtaiieHToB ¢ MCI 1 ero B3auMoCBsI31 ¢ KTMHUYECKUMU TIPOSIB-
JICHUSIMU — aKTyaJIbHOE HaIlpaBJieHWE UCCIIENOBAHU, TaK KaK MOKA3aHO yJyacThe psijia U3 HUX B MaTOreHe3e
HeliponereHepauu. Llenbio faHHOTO NCccaen0BaHMSsI ObLIO U3YyYeHNE YPOBHS XeMOKUHOB U IPYTUX MEIUATO-
POB BOCMaJIEeHUsI B IMHAMUKE Y TTAIIMEHTOB C MSITKUM KOTHUTUBHBIM CHIDKEHUEM Ha (DOHE peaduinTaiuu, a
TaKXe MCCIIeIOBAHUE €T0 CBSI3U C BHIPAXKEHHOCTHIO KOTHUTUBHBIX HapylIeHUil. B ocHOBHYIO TpymITy ucciie-
JIoBaHUsI BONUTN 48 MallMeHTOB, MPOXOASIINX Kype peadbumraiimu B Kiimauke mamsatu [Nenxuatpuyaeckoit
KIMHWYecKoW 60abHULIBI No 1. TTpoaosKuTeIbHOCTh Kypca COCTaBiisia 6 Helelsib, TTporpaMma BKJTlouasa
KOTHUTUBHBIE TPEHUPOBKHU, ICUXOTEPAITNIO U CAMOCTOSITEIbHOE BBITIOJTHEHUE 3aAaHuii. [1ariueHTs Tpouuin
VUMMYHOJIOTUYECKUE MCCIeN0BAHUS U KIIMHUYECKYIO OLIEHKY B tMHamMuKke. [ToBTopHOE 00cienoBaHue mpo-
BOJMJIOCH Yepe3 6 MecsiieB Mocjie HadyalbHOU TOUKHM. B KOHTPOJIbHYIO rpyIiny BoLLIN 46 310POBBIX 10GPO-
BOJIBIIEB, COTIOCTABMMBIE C TIAIIUEHTAMU 10 BO3pacTy U nouy. st onpenesieHnst KOHIIEHTPAIluU IUTOKUHOB
U XEMOKWHOB B CHIBOPOTKE KPOBU MCITOJIb30BIM MYJIBTUTUICKCHbBIN aHaiu3. JIJIsi OlIEHKU TOCTOBEPHOCTU
pasnuuunii ncnonab3oBasin kputepuii CteiofeHTa. O1ieHKa KOTHUTUBHBIX (DyHKITWI TTPOBOAUIIACH C UCTIOb-
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30BaHUEM MEKIYHAPOIHBIX HEMPOIICUXOJIOTMISCKIX IIIKaJl, BKIII0Yass MOHpeaTbCKyI0 KOTHUTUBHYIO IITKAITY
n KpaTkyto mkany OIeHKH TICHXMIecKoro craryca. OOHapy>KeHO MOBBIIICHNE YV ITAlIMEHTOB YPOBHS psiaa
mUTOKUHOB 1 XeMOKMHOB (TNFo, CXCL10/IP10, CCL22/MDC), peryaupyoIlInx CHCTEeMHOE BOCIIaJICHHE,
KJIETOYHBIC ¥ TYMOpaJIbHBIE MEXaHU3MBI aJallTUBHOTO MMMYHUTETa. BhIsIBIIeHa B3aMOCBSI3b YPOBHSI XEMO-
kuHa CCL7 ¢ mapamMeTpaMu HeHpPOIICUXOJOTMUYECKOro 00Cae0BaHUS MAallMEeHTOB: OOHApPyXXeHO, YTO CHU-
JKEHME eT0 CoJIep>KaHUsT aCCOLIMUPOBAHO C 0oJiee BHICOKOM TSIKEeCThI0 KOTHUTHMBHBIX paccTpoiicTB. Ha dpoHe
MPOBEJEHHON peaduauTallMy OTMeUaa0oCch yBeJuuyeHue yncia 6auioB no mkaie MMSE, cHukeHre ypoBHS
npoBocnanuTeabHoro nutToknHa TN Fa, a Takske xemoknHoB CXCL10, CCL22 6onee yemM y 50% mammneHTOB.
[MTonyyeHHbIEe JaHHBIE BHOCST BKJIaA B TOHUMaHKE POJIU XeMOKHWHOB B IAaTOreHE3€ MSITKOro KOTHUTUBHOTO
CHMXKEHMS M YKa3bIBaIOT, YTO UX YPOBEHb MOXET SIBJISIThCS MOTEHLIMAIBHBIM OMOMAapKepPOM TSKECTH KOT-
HUTUBHBIX HapylleHui. st mocaenyroeit TpaHCASILAM TTOJYYeHHBIX JaHHBIX B KIMHUYECKYIO MPaKTUKY
HeoOXoIMMa UX BaTMIalMs B 00J1ee KPYIHBIX UCCASIOBaHUSIX, a TAKXKE OLIEHKA B3aUMOCBSI3U YPOBHEI XeMO-
KWHOB C BBIPa’K€HHOCTbIO KOTHUTUBHBIX HapylieHui mpu MCI B nuHaMuKe J0JTOCPOYHOTO HAOTIOASHMS.

Knrouesvie crosa: 6oaesnv Anvyeeiimepa, socnanenue, Monpeanbckas KOGHUMUBHAS WKANA, MACKOE KOCHUMUBHOE CHUMICCHUE,
peadurumayus, XeMOKUHbl

LEVELS OF CHEMOKINES AND OTHER INFLAMMATORY
MEDIATORS IN PATIENTS WITH MILD COGNITIVE
IMPAIRMENT UNDERGOING REHABILITATION
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Abstract. Alzheimer’s disease is the most common neurodegenerative disease in old age. In some cases, it
is preceded by mild cognitive impairment (MCI). One of the important components in the pathogenesis of
neurodegeneration is chronic neuroinflammation (inflammatory activation of microglia and astrocytes in the
brain). Systemic inflammatory response and immune dysregulation may contribute to neuroinflammation. The
purpose of this study was to investigate the level of chemokines and other inflammatory mediators in patients
with MCI who underwent medical rehabilitation, and to study its associations with the severity of cognitive
impairment. The study group included 48 patients with MCI undergoing rehabilitation. Rehabilitation
included cognitive therapy, psychotherapy and tasks for unaided performance. Repeated examination was
conducted 6 months after the completion of rehabilitation. The control group included 46 healthy volunteers.
Multiplex assay was used to determine serum cytokine and chemokine concentrations. Student’s t-test was used
to assess the significance of differences. Assessment of cognitive functions was performed using international
neuropsychological scales. In patients with MCI, we have found an increase in the levels of several cytokines
and chemokines (TNFa, CXCL10/IP10, MDC) that regulate systemic inflammation, cellular and humoral
mechanisms of adaptive immunity. After the rehabilitation course their levels returned to normal. It was also
found that decrease in CCL7 level in the patients before the rehabilitation course is associated with the severity
of cognitive impairment. The findings contribute to understanding the role of chemokines in the pathogenesis
of MCI, and indicate that their levels can be potential biomarkers of the severity of cognitive impairment. For
translation of the findings into clinical practice, their validation in larger studies is needed, as well as assessing
the associations between chemokine levels and the severity of cognitive impairment in MCI over long-term
follow-up.

Keywords: Alzheimer’s disease, inflammation, mild cognitive impairment, Montreal Cognitive Assessment, rehabilitation, chemokines
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Introduction

Alzheimer’s disease (AD) is the most prevalent
neurodegenerative disease in people older than 65
years. The typical morphological attributes of AD
include amyloid plaques containing deposits of
amyloid-f peptide, neurofibrillary bundles composed
of tau protein, and chronic neuroinflammation [4].
An important component of the pathogenesis of
neurodegeneration in AD is prolonged activation of
innate immune response mechanisms in the central
nervous system (CNS) (neuroinflammation), the
development and maintenance of which can be
facilitated by systemic inflammatory response and
immune regulation disorders. In neuroinflammatory
conditions, activated microglial cells secrete high
levels of free oxygen species, cytokines, chemokines
and other inflammatory mediators, which causes
neuronal damage, disruption of trophic functions of
astrocytes and deposition of neurotoxic amyloid-3
oligomers [8].

In a number of cases, the development of AD-type
dementia is preceded by mild cognitive impairment
(MCI), a clinical condition that is characterized by
deficits of memory and other cognitive functions
that don’t reach the severity of dementia. Patients
with MCI have an increased risk of dementia, but
a number of patients remain cognitively stable.
Neurovisualization and morphological methods
detect neurodegeneration in the patients with MCI,
and finding new potential prognostic markers in
MCI, including immunological markers, is important
for clinical practice.

Chemokines are a superfamily of small structurally
related cytokines that form a complex network. They
normally regulate the movement of white blood cells,
but also perform a very wide variety of immune
and non-immune functions. Studying the level of
chemokines in the MCI patients and its relationship
with the clinical manifestations of the disease is a
promising area of research, since animal models
show that a number of chemokines are involved in
the pathogenesis of MCI and AD by stimulating
and maintaining neuroinflammation, activation
of amyloid-B oligomer deposition and tau protein
hyperphosphorylation [7]. Chemokines can be pro-
duced not only by innate and adaptive immunity
cells, but also by other cells of the body, including
CNS cells: microglia, astrocytes, oligodendrocytes,
endotheliocytesand neurons [12]. They can contribute

to the maintenance of chronic inflammation by
attracting T cells to the inflammation focus and
activation of mononuclear phagocytes.

The basis of the work was our earlier findings on
the associations between systemic inflammation,
deficiency of the humoral immune response and
progression of cognitive disorders in MCI [10].
The goal of this study was to assess the serum con-
centrations of chemokines and other inflammatory
mediators in patients with mild cognitive impairment
undergoing rehabilitation, to study their associations
with the severity of cognitive impairment in patients.

Materials and methods

The main study group consisted of 48 patients
with mild cognitive decline undergoing medical
rehabilitation at the Memory Clinic of Psychiatric
Clinical Hospital Ne 1 (4 men, 44 women, mean age
73.16%2.06 years).

Patients came in with complaints of subjective
cognitive impairment, including forgetfulness,
attention and concentration deficits, occasional
difficulty finding their way home, difficulty expressing
thoughts, decreased professional and social pro-
ductivity, impaired motor skills, and difficulty per-
forming everyday household activities (paying bills,
shopping). The rehabilitation course was carried out in
face-to-face and half-distance mode under conditions
of established restrictions because of COVID-19:
face-to-face — once a week (cognitive training and
psychotherapy session) and remotely — independent
daily performance of tasks by the project participants
directed on maintenance and self-rehabilitation of
cognitive functions, including use of the developed
program of the “Memory Clinic” portal.

Repeated examination of the patients was con-
ducted 6 months after the completion of the
rehabilitation course. The duration of the reha-
bilitation course was 6 weeks, and the total duration
of sessions was 96 hours. Rehabilitation was con-
ducted in a group format. The neurocognitive trai-
ning program was aimed at restoration of visual-
spatial recognition, memory, kinesthetic, tactile and
somatognostic functions, attention, goal setting, and
control functions. Psychotherapy included methods
of psychological aid adapted to the rehabilitation
program [13].

Patients underwent immunologic studies, clinical
evaluation and neuropsychological testing at the
starting point of the study and at follow-up. Re-
examination was performed 6 months after the initial
point.

The control group included 46 healthy volunteers
without a diagnosis of MCI, AD or other neurological
and psychiatric diseases, and without acute infectious
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diseases or systemic diseases in the decompensation
phase, comparable with the patients in age and gender.

The study was approved by the local ethics
committee of the Kurchatov Institute Research
Center. All participants were acquainted with the
details of the study and signed a voluntary informed
consent sheet, a questionnaire, and a consent to
process personal data.

We used a multiplex assay panel (Merck Millipore,
Germany) to determine the concentration of
cytokines and chemokines in blood serum.

250

200
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50 A

CXCL10

m MCI m Controls

Figure 1. Levels of CXCL10 chemokine in MCI patients and
in the control group

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

100

pg/mL

CCL7
EMOCA <22 B MOCA 26 or higher
MOCA 22-25 m Controls

Figure 2. Levels of CCL7 chemokine in MCI patients with
different severity of cognitive impairment according to the
MOCA scale and in the control group

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

Cognitive functions were assessed at the Memory
Clinic of PKB No. 1 using international neuropsycho-
logical scales, including the Montreal Cognitive
Scale (MOCA), the Mini Mental Examination Scale
(MMSE), the Hospital Anxiety and Depression Scale
(HADS), and the clock drawing test.

Excel (Microsoft, 2010) and STATISTICA 10
(StatSoft, 2010) software were used for statistical
processing. Normality of distribution was assessed
using Shapiro-Wilks criterion. Group results were
presented as averages with 95% confidence intervals.
Student’s t-test was used to assess the significance of
differences.

Results and discussion

It was found that levels of the proinflammatory
cytokine TNFa (tumor necrosis factor-a), CXCL10/
IP10 (interferon-y inducible protein 10) and MDC
(monocyte-derived chemokine, CCL22), which is
involved in Th2-link activation of adaptive immunity,
were significantly increased in MCI patients (Figure 1,
Table 1).

CXCL10/IP10 is a proinflammatory chemokine
involved in the effects of cytokine interferon-y (IFNy).
As reported [2], the content of this chemokine is
elevated in the cerebrospinal fluid in Alzheimer’s
disease in the early stages of dementia and in MCI,
and in Alzheimer’s disease there is a significant
positive correlation between CXCLI10 levels and the
MMSE score, while in MCI no such correlation was
found. Serum CXCL10/IL10 levels in MCI have not
previously been studied.

TNFa is one of the major proinflammatory
cytokines, secreted mainly by macrophages, NK cells,
and lymphocytes. TNFa has 2 receptors, TNFRI1
and TNFR2. The TNFR2 receptor is associated
with homeostatic functions, whereas activation of
the TNFRI receptor triggers systemic inflammation
cascades and causes a wide range of biological
effects, including activation of innate immune cells,
endothelial activation, acute phase protein synthesis,
pyrogenesis, dendritic cell migration to lymph nodes
and activation of the adaptive immune response.
Depending on the state of the target cell and the
microenvironment, TNFo can cause stimulation
of survival, proliferative activity of target cells, their
necrosis or apoptosis [5]. Increased TNFa levels
indicate activation of the systemic inflammatory
response in MCI patients, confirming our earlier
findings [10]. Data obtained by other researchers
also indicate an increase in this cytokine in the blood
serum in MCI [15].

MDC is a chemokine expressed by dendritic
cells, NK-cells and some T cell subpopulations.
The main functions of MDC include the induction
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TABLE 1. LEVELS OF CHEMOKINES AND INFLAMMATORY MEDIATORS IN MCI PATIENTS AT BASELINE AND 6 MONTHS

AFTER THE REHABILITATION COURSE

Indicator Baseline 6 months point Controls
CXCL10, pg/mL 169.3+41.9% ** 75.1116.6 67.63+£19.59
CCL7/MCP-3, pg/mL 21.49+11.51 21.72+10.01 38.81+21.99
TNFa, pg/mL 8.17+1.36** 7.61+£2.97 5.57+1.45
MDC, pg/mL 1230.3+£323.8* ** 483.1£90.4 597.75+84.74

Note. *, the significance of differences between baseline and the 6 months point, p < 0.05; **, the significance of differences with

the control group, p < 0.05.

and maintenance of activation of the Th2-link of
adaptive immunity. This chemokine participates in
the pathogenesis of allergic diseases and malignant
tumors [11]. According to the literature, increased
MDC levels in the cerebrospinal fluid is one of the
markers of increased permeability of the blood-brain
barrier in AD, which may play an important role in the
pathogenesis of AD, contributing to the development
and maintenance of chronic neuroinflammation
due to violation of the CNS’s immuno-privileged

status [1].

It was also detected that the content of the

interferon-inducible

chemokine

CCL7/MCP-3

(monocyte chemotactic protein 3) was significantly
reduced in MCI patients with a significant degree
of cognitive impairment (less than 22 points on the
MOCA scale) (n = 13) (Figure 2). The chemokine
CCL7 is one of the mediators that promote
extravasation of monocytes and neutrophils to the
site of the inflammatory reaction. This chemokine
is important for the initiation of adaptive immune
response to viruses and other intracellular pathogens
(Listeria monocytogenes, etc.) [14]. Its deficiency leads
to impaired monocyte functions, including antigen
presentation. The low level of CCL7 in MCI patients
with severe cognitive decline may contribute to the
deficiency of mechanisms of antigen-dependent

cytotoxicity in these patients.

Assessment of the cognitive functions of MCI
patients before and after rehabilitation showed that
before rehabilitation, the mean MMSE score was

26.08+£0.54 and MOCA

score was 22.61+0.91.

After rehabilitation, the mean MMSE score was
28.184+0.74 (p = 3.75 x 10°) and MOCA score was
24.00+1.33 (p > 0.05). MOCA scores higher than 26
are considered normal and scores from 18 to 25 are
characteristic for MCI. For MMSE, scores higher
than 26 are considered normal and scores from 18 to
25 are characteristic for MCI. Thus, the rehabilitation
course had a favorable effect on the cognitive functions
of MCI patients in the short-term dynamics, which
was expressed in a significant increase in the MMSE

score.

We studied the effect of the rehabilitation course on
the level of chemokines and inflammatory mediators
in MCI patients. The main results are shown in the
Table 1.

It was revealed that at repeated examination after
the rehabilitation course in MCI patients the content
of proinflammatory cytokine TNFa in blood serum
decreased to normal levels, as well as the content of
MDC chemokine. MDC, a chemokine that regulates
Th2 type of the adaptive immune response and the
permeability of BBB. The levels of MDC have been
found to increase in the cortex APP/PS1 mice that
are susceptible to AD [6]. The decrease of MDC
levels in systemic circulation can be beneficial for the
patients with MCI, reducing the BBB permeability
and neuroinflammation.

It was also found that the content of chemokine
CXCL-10/1P-10 (interferon-gamma inducible protein
10) decreased to normal levels after the rehabilitation
course. CXCL-10/IP-10 is an important component
of the antiviral response, stimulating migration to
the site of infection and adhesion of activated type 1
T helpers. CXCL10 is expressed by neurons, glial
and stromal cells in various CNS diseases and can
play both protective and damaging roles [3]. The
chemokine CXCL10 binds to the CXCR3 receptor,
which is mainly expressed on activated T cells and
natural Killer cells. CXCL10 mediates leukocyte influx
in various inflammatory diseases of the central nervous
system and may be involved in the development of
neuroinflammation, contributing to the pathogenesis
of Alzheimer’s disease [9]. Given the association of the
level of this chemokine with the severity of cognitive
impairment in MCI, it is of interest to further study it
as a marker of the effectiveness of MCI therapy.

Therefore, in this work, we found increase in
the levels of several major chemokines that regulate
systemic inflammation, cell and humoral mechanisms
of adaptive immunity in MCI patients. This increase
may reflect activation of inflammation, participate
in the development of neuroinflammation, and
contribute to the progression of Alzheimer’s disease.
In particular, we revealed an important fact about the
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relationship between the CCL7 chemokine level and
the parameters of neuropsychological examination
of patients with MCI: decrease in CCL7 content was
found to be associated with the severity of cognitive
impairment according to the MOCA scale. The
findings indicate that decrease in the content of the
CCL7 chemokine is a potential marker of the severity
of cognitive impairment in MCI.

According to this study, the medical rehabilitation
course had a beneficial effect on the cognitive
functions of the patients, and was associated with a
decrease of the levels of TNFa, CXCL10 and MDC
to normal values. These fascinating results show the
importance of further research of the influence of
medical rehabilitation in MCI on immunological
parameters. Some of the factors that can possibly
explain these results are a decrease in anxiety, better
emotional stability, better organized schedule and
higher physical activity in the patients who underwent
the rehabilitation course. These factors could have an
effect on neuroimmune interactions in the patients,
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