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THE RELATIONSHIP BETWEEN DECREASED COGNITIVE
FUNCTIONS AND THE LEVEL OF PROINFLAMMATORY
CYTOKINES IN PATIENTS WITH ALZHEIMER’S DISEASE,
VASCULAR DEMENTIA, AND MILD COGNITIVE DISORDER

Introduction. Alzheimer's disease (AD) is a degenerative disease
that leads to dementia symptoms [1, 2]. Histopathological signs of AD are
amyloid plaques in the brain, mainly consisting of fibrillary forms of
amyloid [-peptide-40 (AB-40) and amyloid p-peptide-42 (AB-42).
Neutrophils are the main targets for IL-17 in the central nervous system
(CNS) that promote inflammation and damage to CNS tissues, and may play
an important role in the development of AD pathology. Interleukin 23
(IL-23) synergizes with IL-6, IL-1 and is involved in the differentiation of
Th17 cells in a pro-inflammatory context.

The aim of the study was to analyze the relationship between interleukin
levels of IL-17, IL-23 and neurocognitive scales in patients with AD,
vascular dementia (VD) and mild cognitive disorder (MCD).

Materials and methods: The study involved 89 patients, of which 59
patients had cognitive impairment (32 men and 27 women, mean age
66.848.4 years); among them, 29 had major neurocognitive impairment
(NCD), including 15 patients with AD, 14 — with VD, 30 patients — with
MCD and 30 people in the control group had no cognitive deficit.

All patients were tested with comprehensive neuropsychological
examination using the following tests and scales: Mini-Mental State
Examination (MMSE), Montreal Cognitive Assessment (MoCA), Frontal
Assessment Battery (FAB), Alzheimer Disease Assessment Scale-cognitive
(ADASCcog).

Serum levels of cytokines of IL-17 and IL-23 were assayed using
sandwich ELISA on «Chem Well 2900» immunoanalyzer (Awareness
Technology, USA). Test systems using Bender Medsystems, Australia (IL-
17 and IL-23) were used in accordance with the manufactures instructions.

Discussion. Levels of detectable interleukins (IL-17 and 1L-23) were
significantly higher in patients with AD vs. patients with VD and MCD. The
correlations between the two cytokines and the MMSE scales, MoCA,
ADAS-cog and FAB were examined. Our results showed a significant
positive correlation between the serum concentration of IL-23 and
neurocognitive scales in all patients with AD. The most relevant correlations
in the AD group were linked with the scales: ADAS-cog (r = 0.760; p =
0.001), namely with the sections «tasks for repeating words» (r = 0.775; p <
0.001), «constructive praxis» (r = 0.651; p = 0.010), «orientation» (r = 0.684;
p = 0.01), as well as «word recognition tasks» (r = 0.616; p = 0.020); and
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with MoCA scale (r = —0.592; p = 0.020), namely with the section «delayed
recally (r= —0.641; p= 0.010). A significant positive correlation was
established between IL-23 and individual sections of the ADAS-cog scale in
patients with MCD (r = 0.423; p = 0.020), namely with «word recognition
tasks» (r = 0.466; p = 0.030), «understandingy (r = 0.306; p = 0.059) as well
as «strike out numbers» (r = 0.301; p = 0.061). A weak positive correlation
was found between the serum concentration of 1L-23 and ADAS-cog scores
in patients with VD (r = 0.497; p = 0.045). Moderate positive correlation
was observed for IL-23 with «concentration and distraction» (r = 0.558; p =
0.040). An inverse correlation was established between the serum levels of
IL-23 and MoCA scores in patients with VD (r= —0.510; p= 0.060),
especially with «language» (r= —0.538; p= 0.047) and «executive
functioning» (r= —0.485; p= 0.079). However, no other significant
correlations were found between the serum concentration of IL-17 and
neurocognitive domains in patients with MCD and VD.

Correlation analysis confirmed the relationship between the severity of
cognitive impairment and the level of proinflammatory markers, suggesting
that inflammation can lead to cognitive decline in AD patients. The results
of the study indicated that 1L-23 may have a more complex relationship
with the progression of this disease which gives reason to consider 1L-23
as a marker of inflammatory activity.

Levels of detectable proinflammatory cytokines (IL-17 and 1L-23) were
significantly higher in patients with AD vs. patients with VD and MCD.
Such more pronounced changes in the production of interleukin 23 in
patients with AD may indicate the activity of the inflammatory process. The
level of 1L-23 in all examined patients with Alzheimer's disease had high
correlations with indicators of neurocognitive scales, which indicated its
important role in the pathogenesis of this disease. There were no other
significant correlations between the serum concentration of IL-17 and
neurocognitive domains in patients with MCD and VD.

Key words: Alzheimer’s disease, vascular dementia, mild cognitive
disorder, neurocognitive domains, interleukins 17 and 23.
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B3AEMO3B’AI30K M)XK 3HWXEHHAM KOI'HITUBHUX
®YHKIOIA TA PIBHEM ITPO3ANAJIBHUX IIMTOKIHIB
Y HAIIEHTIB 3 XBOPOBOIO AJIBIITEMMEPA, CYJIMHHOIO
JEMEHIIEIO TA MAJIUM KOI'HITUBHUM PO3JIAAOM

AKTyalbHicTb. XBopoOa AmnbireiiMepa (XA) — e JereHepaTHBHE
3aXBOPIOBaHHS, SIKE MPU3BOIUTH JI0 CUMITOMIB JeMeHilii. ['icromarTosori-
YHUMHU O3HaKaM# XA € aMiJIOTIHI OJIAIIKY B MO3KY, MEPEBaxKHO II0 CKJa-
natoThes 3 GioprspHuX GopM aminoiny B-nmentumy-40 (AB-40) ta amisno-
iny B-mentumy-42 (AB-42). Helitpodinu € roJOBHUMH MILIEHSIMH IS
inrepuneiikiny 17 (IL-17), cipusitoTs 3amaneHHIO Ta MOIIKO/PKEHHIO TKa-
HuH [JHC i MOXKyTb BiztirpaBaTé BasKJIMBY POJIb Y PO3BHUTKY MaTosorii XA.
Inrepnetikin 23 (IL-23) cunepryerscs 3 IL-6, IL-1 ta npuiimMae ygacts B
nmudepentiroBanHi Thl7-kIiTHH B ipo3anagsHOMY KOHTEKCTI.

Thiswork islicensed under

Creative Commons Attribution 4.0 International License

248 @

https://creativecommons.org/licenses/by/4.0/



Chyniak OS, Dubenko OYe, Potapov OO EUMJ, 2021;9(3): 247-255

Ouaexcanap O. Iloranos

ORCID: 0000-0002-9683-3685
Kagheopa Helpoxipypeii ma
Hegponocii, Meouunuii incmumym,

Cymcoruil  OeporcasHull  YHIGepCu-
mem, m. Cymu, Yrpaina

Mera aociiTzkeHHsI — TPOAHATI3YBATH B3a€MO3B'SI30K MK PIBHSIMH
JI-17, 1JI-23 ta HeWpOKOTHITUBHAMH IITKAJIAMH y TAIIEHTIB 3 XA, CyIuH-
Hoto pementieto (C/I) Ta manim korHiTUBHEM posnagom (MKP).

Marepianu Ta MeToau: Y JOCHIIKEHH] B3I yIacTh 89 Malli€HTIB, 3
AKUX 59 XBOpHX 3 KOTHITUBHUMH TIOPYIICHHSAMH (32 4OJOBIKH 1 27 5KIHOK,
cepenHiil Bik 66,8 + 8,4 pokn), 3 sKkux 29 — 3 BEJIMKUM KOTHITUBHUM PO3-
nagom (BKP), 3 Hux 15 xBopux 3 XA, 14 — 3 C/1, 30 nauientiB 3 MKP Ta
30 0ci0 KOHTPOJIBHOI TPYIIH.

BciM namienTam mpoBeny HeHpOICHXOJIOTiYHE OOCTEKEHHS 3a JO0I0-
MOTOIO TECTIiB Ta IIKaJ: KOPOTKA IIKaia JOCTIIKSHHS IICHXi9HOTO CTaTy-
cy (MMSE), Momnpeanpcka mIKajla OINHKA KOTHITHBHUX (DyHKIiH
(MoCA), 6arapes snobHoi mucoyrkiii (FAB), mKana OIiHKE XBOPOGH
AunplreiiMepa — KorHiTHBHA cyOmkana (ADAS-cog).

PiBHi murokiniB 1JI-17 ta IJI-23 y cupoBariii KpoBi aHaJIi3yBaiu 3a J10-
nomoroto IMA meronom «cennBiu» Ha iMyHoanamizaropi «Chem Well
2900» (Awareness Technology, CIIIA). TecToBi CHUCTEMH 3 BUKOPHCTAaH-
M Bender Medsystems, Asctpaiist (1JI-17 ta 1JI-23) ananizyBaiu 3rigHo
3 IHCTPYKI[ISIMH BUPOOHUKIB.

Pesysabrarn. PiBni npo3anansuux nutokiniB (IJ1-17 ta 1J1-23) Oynn
3HAYHO BUINI y mamieHTiB 3 XA, y nopiBasaaHi 3 CII Ta MKP. Bymu moci-
JDKEHI KOpETSMiHI 3B'I3KM MiX JIBOMa NUTOKiHaMHU Ta ImkaitamMu MMSE,
MoCA, ADAS-cog ta FAB. OtpumaHi HaMH pe3ylIbTaTH TOKa3ail 3Had-
Hy MO3UTHBHY KOPEILAIiI0 MiX CHPOBATKOBOIO KOHIEHTpariero [JI-23 ta
HEWPOKOTHITHBHUMH IIIKaJaMH y BCix xBopux Ha XA. HaitOuremn penena-
HTHUMH KOpEJALSIMA B rpymi XA BUSBWINCSA 3B’SI3KH 13 IIKaJaMH:
ADAS-cog (r = 0,760; p= 0.001), a came 3a po3aiIaMH MiATECTIB «3a-
BAaHHs Uil moBTOpeHHs ciiB» (r= 0,775; p < 0,001), «KOHCTPYKTUBHUIA
npakcuc» (r= 0,651; p= 0,010), «opienraris» (r = 0,684; p = 0,010), a
TAKOX «3aBIaHHS Ha BITi3HaBaHHs ciiBy (r = 0,616; p = 0,020) ta mkano0
MoCA (r = -0,592; p = 0,020), a came B IOMEHi «BiZICTPOYEHOTO BiJTBO-
perrs» (r = —0,641; p = 0,010). BcranoBneHo 3HaYHY TO3UTHBHY KOpEIs-
mito Mixk IJI-23 ta okpemumu nomenamu mkana ADAS-cog y martieHTiB 3
MKP (r = 0,423; p = 0,020), a came i3 «3aBIaHHAMH Ha BITI3HABAHHS CJIiBY
(r=0,466; p = 0,030), 3 «po3yminnsamy» (r = 0,306; p = 0,059), a Takox 3
«3akpecoBanasM mudp» (r = 0,301; p = 0,061). BusieiieHo ciadky mo3u-
THBHY KOPEJIILI0 Mi>K CHPOBAaTKOBOO KoHIIeHTpatliero 1J1-23 ta ouinkamu
ADAS-cog y nauienTis i3 CII (r = 0,497; p = 0,045). [TomipHa no3uTrBHa
Kopesiist crioctepiranacst mist 1JI-23 3 «KOHIICHTpAIli€l0 Ta BiJBOJIIKAH-
usam yBarmy» (r = 0,558; p = 0,040). Byna BcTaHOBIICHa 3BOPOTHA KOPEJIs-
Iist MiXK cHpoBaTKOBUMH piBHsAME 1JI-23 Ta mokazaukamu MoCA y marttie-
HtiB 3 C/I (r = —0,510; p = 0,060), ocobmmBo 3 «moBotOY» (r = —0,538; p =
0,047) Ta 3 «BukoHaBunMHU ¢yHKIisMI» (r = —0,485; p = 0,079). Onnak
3HAYYIIUX KOPEIHHUX 3B sI3KiB Mk KoHIeHTpatieto 1JI-17 y cuposar-
Il KpOBi Ta HEHPOKOTHITUBHUMHM JIOMEHAMH Y XBOPHX 3 MaJIMM KOTHITHB-
HUM PO3JIa/I0OM Ta CYANHHOIO IEMEHITI€I0 He 0YyJI0 BHSBIEHO.

Kopemnsimiitnuii anami3 A03BOJIMB MiATBEPIUTH B3aEMO3B'SI3KH MK TS-
KKICTIO KOTHITUBHHX NOpPYIIEHb Ta PIBHEM IIpO3aNalbHUX MapKepis,
NPHUITYCKAIOYH, 10 3allaJIeHHs] MOYKE CIPUYMHHUTH KOTHITHBHHW Crajx y
namieHTiB 3 XA. Pe3ynpTaTté QOCHIIKSHHS CBiguaTh mpo Te, mo 1JI-23
MOK€ MaTd OLIBII CKIAJHUK B3a€EMO3B'S30K 13 MPOTPECYBaHHAM JAHOTO
3aXBOPIOBaHHS Ta Jiae ImifcraBu posrisigati 1JI-23 sk mapkep 3amanbHOT
AKTHBHOCTI.
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BucHoBku. PiBHi npo3amansanx nutokini (IJI-17 ta 1JI-23) y cupo-
BaTIIi KPOBi OyIM 3HAYHO BHIII y TarlieHTIiB 3 XA, y nopisasHHI 3 C/] Ta
MKP. Taxki OinbIn BEpaXXeHi 3MiHH HPOIYKIII IHTEPICHKIHIB (0COOIHBO
1JI-23) migkpeciioe poik 3amaibHOTO Tporecy mpu XA, Ha BiIMIiHY Bif
C/l ta MKP. PiBenb inTepieiikiny 23 y Bcix 00CTE)KeHUX MallieHTiB 3 XA

MaB HalBHUILI KOPEJALIHHI 3B’S3KM 3 NMOKa3HHUKaMH HEHPOKOTHITHBHUX

IIKaJI, 10 BKA3yBaJIO Ha HOro BaXKJIMBY POJIb Y MATOreHe3i JaHOTO 3aXBO-
proBaHHs. He Oys10 3HalieHO 3HauyIIMX KOpESLiHHNX 3B S3KIB MK CH-
poBaTkoBOI0 KoHIeHTpauiero 1JI-17 Ta HeHpOKOTHITUBHIMH JOMEHAMH Yy
namienTiB 3 MKP ta CJI.

KarouoBi cioBa: xBopoba AmnpureiiMepa, CyAnHHA IEMEHIIIS, MAIHI

KOTHITUBHHHI po3JIaJl, HCHPOKOTHITHBHI JOMEHH, iHTeperkinu 17 ta 23.
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Introduction/Beryn

Alzheimer’s disease (AD) is a degenerative
disease that leads to dementia symptoms [1, 2].
Histopathological signs of AD are amyloid
plaques in the brain, mainly consisting of fibrillary
forms of amyloid p-peptide-40 (Ap-40) and
amyloid B-peptide-42 (AB-42). Insoluble AP
peptides formed in the central nervous system
(CNS) play a decisive role in the pathogenesis of
AD, activating the complement pathway,
stimulating  microglia to  produce  pro-
inflammatory cytokines and chemokines. This
pro-inflammatory process mediated by microglia
leads to neurodegeneration [3]. AP peptides also
increase the production of reactive nitrogen and
oxygen species by microglial cells, which leads to
the development of oxidative stress, stimulation of
Th17 cells, and production of interleukin (IL-17)
[4]. Apparently, the main role of IL-17 in the
pathogenesis of AD is the recruitment of
neutrophils and the stimulation of their function.
Neutrophils are the main targets for IL-17 in the
CNS, promote inflammation and damage to CNS
tissues, and may play an important role in the
development of AD [5]. Since several studies [6,
7] indicate an important role for IL-17 and IL-23
in the pathogenesis of AD and VD, the aim of the
study was to investigate the relationship between
IL-17 and IL-23 levels and neurocognitive scales

in patients with AD, VD and mild cognitive
disorder (MCD).

Materials and methods

In accordance with the set goal on the basis of
the neurological department of Municipal non-
commercial organization «Clinical Hospital Ne 45
of Sumy city council, 89 patients were examined,
of which 59 had cognitive impairment (32 men
and 27 women, the average age was 66.8 + 8.4
years); among them 29 persons had major NCD
(neurocognitive disorder) and 30 persons had
MCD, while 30 people in the control group had no
cognitive deficit. The criteria of clinical practice
proposed for the diagnosis of AD in the
Alzheimer’s Association of the National Institute
on Aging were met by 15 patients with AD [8], 14
persons met the criteria for probable VD
according to the National Institute of Neurological
Disorders and Stroke and the Association
Internationale pour la Recherche et Enseignement
en Neurosciences (NINDS-AIREN) [9].

Inclusion criteria were: the objective
confirmation of cognitive impairment according to
clinical and neuropsychological tests based on
criteria of probable AD, probable VD and MCD,
signs of cerebrovascular and neurodegenerative
brain damage according to clinical and
neuroimaging methods.

Exclusion criteria were: severe somatic
pathology, other diseases of the nervous system
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(Parkinson’s disease, fronto-temporal
degeneration, dysmetabolic encephalopathies,
demyelinating diseases, traumatic brain injury,
tumors of the brain and its membranes,
neuroinfections, intoxications, alcohol abuse,
severe post-stroke deficit, drugs use (neuroleptics,
benzodiazepines, antidepressants, barbiturates,
antiepileptic), inability to have sufficient verbal
contact.

All patients were tested with a comprehensive
neuropsychological examination using the
following tests and scales: Mini-Mental State
Examination (MMSE), Montreal Cognitive
Assessment (MoCA), Frontal Assessment Battery
(FAB), Alzheimer Disease Assessment Scale-
cognitive (ADAS-cog). Neuroimaging (CT or
MRI) was performed in all patients. Serum levels
of cytokines of IL-17 and IL-23 were assayed
using sandwich ELISA on «Chem Well 2900»
immunoanalyzer (Awareness Technology, USA).
Test systems using Bender Medsystems, Australia
(IL-17 and IL-23) were used in accordance with
the manufactures instructions.

The work was performed in accordance with
the principles of the World Health Association
Helsinki Declaration «Ethical Principles of
Medical Research with Human Involvement as
Object of Study» and the Order of the Ministry of
Health of Ukraine No. 690 (dated September 23,
2009). Before inclusion in the study, patients and
their relatives were informed of the study protocol
and signed written informed consent.

Statistical analysis was performed using
Microsoft Excel 2016 software. Comparisons of
categorical variables for demographic and clinical
characteristics were made using the y* test, and
Student’s t-test was applied for continuous
variables. The Mann-Whitney U-test and the
Kruskal-Wallis test were used to compare the
concentrations between groups. The Spearman
correlation test was used to ascertain the
associations between the cytokines concentrations
and the score for the MMSE, MoCA, FAB and
ADAS-cog. The differences were considered
statistically significant at p < 0.05.

Results

Comparison of the results of neurocognitive
scales (Table 1) showed that the mean scores of
MMSE were significantly lower in patients with
AD vs. patients with VD and MCD (p; < 0.0001),
(ps = 0.0028).

MoCA total score test also was significantly
lower in patients with AD vs. patients with VD
and MCD (p; < 0.0001), (p3 = 0.0005). The mean
scores of ADAS-cog test was significantly higher
in patients with AD vs. patients with VD and
MCD (p; < 0.0001), (ps= 0.0063). Levels of
detectable interleukins (IL-17 and IL-23) were
significantly higher in patients with AD vs.
patients with VD (ps = 0.0481), (p; = 0.0027),) and
MCD (p; = 0.0003), (p, = 0.0065). We detected
higher serum concentrations of IL-23 in patients
with higher ADAS-cog scores (ADAS-cog >30),
as well as the predomination of pro-inflammatory
IL-23 over IL-17 in the peripheral blood of
patients with AD.

The use of correlation analysis revealed
statistical ~ association  between the serum
concentration of IL-17, IL-23 and neurocognitive
scales in patients with AD, VD and MCD (Table
2). The level of proinflammatory interleukins (IL-
17, IL-23) in the control group was within normal
limits.

Our results revealed a significant positive
correlation between the serum concentrations of
IL-17 and IL-23 for all patients with AD and
MCD (r= 0.723; p= 0.002), (r= 0.432; p=
0.017). An examination of the possible connection
between the serum concentration of IL-23 and
ADAS-cog scores in patients with MCD revealed
the following results: positive correlation was
established between IL-23 and individual domains
of the ADAS-cog scale (r= 0.423; p = 0.020).
There was a positive relationship between IL-23
and sections «word recognition tasks» (r = 0.466;
p = 0.030), «understanding» (r = 0.306; p = 0.059)
and «strike out numbersy (r = 0.301; p = 0.061).

A negative moderate interdependence was
found between the serum concentration of 1L-23
and MMSE scores in patients with AD (r=
—0.553; p= 0.032). The average inverse
correlation was detected between I1L-23 and
sections «memory» (r= —0.566; p = 0.030) and
«orientation» (r = —0.596; p = 0.040).

A significantly inverse correlation was found
in patients with AD between the serum
concentration of IL-23 and individual domains of
the MoCA (r = —0.592; p = 0.020). The average
inverse correlation was observed between IL-23
and «delayed recall» (r = —0.641; p = 0.010) and
«orientation» (r = —0.566; p = 0.030).
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- MCD AD VD
Characteristic (n=30) (n=15) (n=14) P value

Males/female, n 18/12 5/10 9/5 p=0.5150
p1=0.0766
Mean age, years 65.6£0.8 67.9+0.8 67.0+£0.3 p2=0.2483
p3=0.3145

Education level, n (%)
o secondary-level 6 (20) 6 (40) 4 (28.6) p=0.7790
« vocational secondary 17 (56.7) 7(46.7) 8 (57.1) p=0.0580
e higher 7(23.3) 2 (13.3) 2 (14.3) p=0.1030
p1<0.0001
Mean MMSE score 25.240.85 18.8+0.56 21.740.69 p.=0.0122
ps=0.0028
p1<0.0001
Mean MoCA test 24.2+0.86 16.6+0.50 19.7+0.61 p2=0.0016
p3=0.0005
p1=0.1594
Mean FAB score 14.3£0.9 12.440.50 11.14£0.36 p2=0.0222
ps=0.0468
p1<0.0001
Mean ADAS —cog test 12.9+£2.3 38.9+£1.93 30.4+2.13 p2<0.0001
p3=0.0063
Mean HIS score - 2.4+0.50 9.1+£0.77 p3<0.0001
p1=0.0065
Mean IL-17, pg/ml 4.04£1.10 22.44+8.92 3.11+1.35 p>=0.6194
ps=0.0481
Mean IL-23, pg/ml p1=0.0003
1.84+0.38 64.33+£22.41 5.14£1.62 p»=0.0102
ps=0.0027

Note: p; — differences between MCD and AD; p, — differences between MCD and VD; p; — differences between AD and VD

A close connection was observed with the
serum concentration of IL-23 and ADAS-cog
scores in patients with AD (r = 0.760; p = 0.001). In
particular, these sections are: «tasks for repeating
words» (r= 0.775; p < 0.001), «word recognition
tasks» (r = 0.616; p = 0.020), «constructive praxis»
(r=0.651; p=0.010), «orientation» (r = 0.684; p =
0.010) and «name of objects and fingers» (r =
0.585; p = 0.030). The level of IL-23 was positively
correlated with ADAS-cog scores in patients with
VD (r= 0.497; p= 0.045). Moderate positive
correlation was observed for IL-23 with
«concentration and distraction» (r= 0.558; p=
0.040). In addition, an inverse correlation was
found between the serum levels of IL-23 and
MoCA scores (r= —0.510; p = 0.060), especially
with «language» (r= -0.538; p= 0.047) and
«executive functioning» (r = —0.485; p = 0.079).

However, no other significant correlations were
found between the serum concentration of IL-17
and FAB score, between the serum concentration of
IL-23 and FAB score in patients with AD (r =
—0.1084; p = 0.702), (r = —0.110; p = 0.697), with
VD (r =-0.195; p = 0.503), (r = —0.158; p = 0.590)
and with MCD (r = —0.013; p = 0.947), (r = —0.160;
p = 0.399).

Discussion

Numerous recent studies demonstrated a
correlation between proinflammatory cytokines
(such as IL-2, IL-8, IL-9, IL-10, TNF-q, IL-17, IL-
18, IL-21) and cognitive deficits, especially with
AD and MCD [10, 11, 12, 13]. In patients with
Alzheimer’s disease, elevated levels of IL-6 were
moderately correlated with decreased cognitive
function, lower memory, and lower verbal velocity
on the MMSE scale [14].
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Table 2 — Correlations among IL-17, IL-23 in patients with Alzheimer’s disease, vascular dementia

and mild cognitive disorder

MCD AD VD
Cytokine (n=30) (n=15) (n=14)
r p r p r p
IL-17 vs. IL-23 0.432 0.017 0.723 0.002 0.322 0.261
IL-17 vs. MMSE -0.602 0.099 -0.384 0.157 -0.212 0.467
IL-17 vs. MoCA -0.127 0.504 -0.116 0.680 -0.182 0.534
IL-17 vs. FAB -0.013 0.947 -0.108 0.702 -0.195 0.503
IL-17 vs. ADAS-cog 0.125 0.510 0.141 0.617 0.335 0.241
IL-23 vs. MMSE -0.276 0.140 -0.553 0.032 -0.146 0.620
IL-23 vs. MoCA -0.111 0.633 -0.592 0.020 -0.510 0.060
IL-23 vs. FAB -0.160 0.399 -0.110 0.697 -0.158 0.590
IL-23vs. ADAS-cog 0.423 0.020 0.760 0.001 0.497 0.045

Note: r — Spearman correlation criterion; p — statistica

Subsequently, several researchers confirmed
that under inflammatory conditions, excessive IL-
6 through activation of neuronal NADPH-oxidase
induced by inflammation impair cognitive
processes, such as spatial learning and memory
[14, 15, 16]. Saresella et al. found that 1L-23 was
significantly increased in the brain, but that 1L-17
was not augmented in AD, MCD and did not
correlate  with measures of progression or
dementia severity [17]. Other studies showed that
level of IL-17 was significantly increased in the
brain and in the cerebrospinal fluid of individuals
with AD and correlated with cognitive impairment
[18].

We investigated for the first time the
peripheral cytokine profile in AD, VD, and MCD.
In particular, it was noted that the concentrations
of IL-17 and IL-23 are interrelated, and the

Conclusions/BucHoBKH

Our results showed that levels of detectable
pro-inflammatory cytokines (IL-17 and IL-23)
were significantly higher in patients with AD as
compared with VD and MCD. Such more
pronounced changes in the production of IL-23 in
patients with AD may indicate the activity of the
inflammatory process. The level of interleukin 23

I significance of the difference

content of each of them increased linearly with the
progression of the disease. In our study, IL-23
correlated with cognitive functions in patients with
AD. This study found an association between
severity of cognitive impairment and the level of
pro-inflammatory  markers,  suggesting  that
inflammation may cause cognitive decline in
patients with AD. Recent studies confirmed that
improved cognitive performance was seen after
blocking 1L-23 signaling p40 subunit by antibody
[19]. These findings suggest that IL-23 may show
a more complex relationship with disease
progression. In conclusion, this gives grounds to
consider the level of IL-23 in the serum as marker
of inflammatory activity. However, understanding
the complete interaction process of the two
cytokines in the pathogenesis of AD requires
further studies.

in all examined patients with AD had the highest
correlations with the neurocognitive scales,
which indicated its important role in the
pathogenesis of this disease. There were no
significant correlations between the serum
concentration of [IL-17 and neurocognitive
domains in patients with MCD and VD.

Prospects for future research/IlepcneKTHBH MOAAIBIINX J0CTIIKEHb

Future investigation may elucidate a potential role of interleukin 23 as additional biomarker for early

predicting of MCD progression in AD.
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