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MOP®OPYHKUMNOHAJIbHbIE UBMEHEHUA MUKPOIJTUA
Y MOJ104bIX U CTAPbIX KPbIC WISTAR

Centaopesa A.B.'% Meabunkosa E.A., Mupomanyenko E.A.L 2,
Ilserrkos I.C.', KocbipeBa A.M."?

! Hayuno-uccaedosamenvckuil uncmumym mopgonoeuu uesogexa umenu akademuka A.I1. Asuvina PITBHY
«Poccuiickuii nayunoiii yenmp xupypeuu umenu axademuxa b.B. I[lempoeckoeo», Mockea, Poccus

2 Unemumym monexyaapHoil u kaemounoii meouyunst DITAOY BO «Poccuiickuii ynusepcumem 0pyscovl Hapoooe»,
Mockea, Poccus

Pesiome. bonesnns AnbireiiMepa (BA) siBasieTcst omHUMM 13 HanuboJiee pacIpoOCTpaHEHHbBIX HeilpoereHe-
paTUBHBIX 3a00JIeBaHUM, MPUBOASIIMX K feMeHIMU. Ha cerogHsmHui 1eHb He cylecTByeT 3 OEKTUBHBIX
METO/IOB JICYEHUS ITOr0 3a00JIeBaHMSI, TaK K€ KaK M €IMHOTO MHEHUsI OTHOCUTEILHO MEXaHU3MOB, JIexKa-
IIIMX B OCHOBE ero martoreHesa. [lojsyuyeHre JaHHBIX 00 3TUX MEXaHU3Max i# Vivo BO3MOXHO TOJIbKO ITyTeM
MOJICJIMPOBAHMSI HEMpOIereHepaluy y Jab0paTOPHbIX XUBOTHBIX. Cpelir pa3IMYHbIX TEOPU MHUIIMALIUKA
HelipoJiereHepaly akKTUBHO M3y4aeTCsl BIMSHUE MUKPOIVIMM, a TaKXKe MHMIAMIUIKUHI — XPOHUYECKOE
CUCTEMHOE HM3KOYPOBHEBOE BO3pacT-aCCOLMUpPOBaHHOE BochajieHue. OHO MPOSIBISICTCSI YBEIMYCHUEM
yUclia CTaperolnX KJIETOK C CEKPETOPHBIM (DEHOTUIIOM, aCCOLIMUPOBAHHBLIM co ctapeHueM (SASP). B ko-
HEYHOM HTOTIe 3TO MNPUBOAUT K MaHUMECTALIMU U TIPOTPECCUPOBAHUIO BO3PACT-3aBUCUMBIX 3a00JIeBaHU, B
ToMm unciie BA. Llenbio uccienoBaHus Oblia OlieHKAa BO3PACTHBIX MU3MEHEHMIA MUKPOIJIMH, IIPO- U IIPOTUBO-
BOCITAJIMTEIbHBIX IIMTOKMHOB B TOJJOBHOM MO3TIe, a TaKxKe CyOMOITy Il JIMM(MOIIUTOB B IepuepruIecKoit
KpoBu. B paboTte ncnoab3zoBanu camoB Kpbic Wistar IByX BO3paCTHBIX IPYIII — CTapbix (Bo3pacT 24 mecslia)
M MOJIOBO3PENbIX (BO3pacT 3 Mecs1ia) MPpY OTCYTCTBUM KaKOTO-JTMOO0 TOMOIHUTEIbHOIO BO3AeCcTBYSA. B rum-
MoKaMIie OLIeHUBaIU MOP(OI0rnyeckue u3MeHeH I MUKPOTJIMY Ha MpernapaTax, OKpallleHHbIX aHTUTeIaMU
K Ibal. B npedpoHTanbHOIM Kope rojioBHOTO Mo3ra ¢ momoiiibio ITLP-PB uccinenoBanu ypoBeHb 3KCIIpeCCUN
npoBocnanuteabHbiXx — IL-6 1 TNFa, nporuBoBocnanutenbHbix — [L-10 1 TGF-f, HIUTOKMHOB, a TakxKe
MapKepoB akTuBalu Mukporiuu — iNOS u MMP-9. B nepudepuyeckoil KpoBU OLIEHMBAIMU COepXKaHUE
OCHOBHBIX CYOMOMYJISIIUI TUM(POLUTOB C TTOMOIIBIO MMPOTOUYHOM LUTO(IyopoMeTpuu. [TokazaHo, 4TO 10
CPaBHEHUIO C II0JIOBO3PEJIBbIMU KPbICAMU CTapble XKMBOTHBIC XapaKTePU3YIOTCSI 3HAYMTEIbHBIMU U3MEHEe-
HUSIMUA MOP(MOJIOTUM MUKPOIJIMU, YBEIUYCHUEM YPOBHS IKCIIPECCUU MPOBOCHAIUTEILHBIX U CHUXKECHUEM
MIPOTUBOBOCHAIUTE/ILHBIX IIMTOKMHOB, ITOBBIIIEHUEM MapKepoB akTuBaluu Mukporiauu. Ilpu crapeHun
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HaOII0/1aJTOCh CHMKEHUE TTPOIIEHTHOTO COJEpKaHWSI MOHOIIMTOB M B-KJeTok B Tepudepruieckoil KpoBH.
ITosyyeHHBIE TaHHBIE CBUAETEIBCTBYIOT O PA3BUTUU MHMJIAMIUIXKIHTa, KOTOPbII MPOSIBISIETCS B BUAE aK-
TUBALIMM MUKPOTJINHU, CMEIIeHHs OajlaHca MPOAYKIINY LIUTOKIHOB B CTOPOHY MPOBOCHAIUTEIBHBIX M, KaK
CJIeZICTBUE, aKTUBALIMY MUTPAIITMM MOHOIIMTOB U B-ITMMbOIIMTOB 13 KpOBU B TKaHU. TakuM o6pa3om, rccie-
JIOBaHME POJIU BOCIIaJICHNUS B pa3BUTUU BA 11e1ec000pa3HO BBIMOIHSTH Ha CTaPBIX (KMBOTHBIX, (DM3MOIOTH-
YeCKOEe COCTOSTHIE KOTOPBIX COOTBETCTBYET TAKOBOMY Y JTioneit. JlampHe e nccIieJoOBaHUS B 3TOM 00IacTn
MO3BOJISIT pAaCLIMPUTh MOHMMAaHUE MEXaHM3MOB UHUIIMALIMY U TIPOTPECCUPOBaHUS HelipoaereHepaluuu, He-
00xoIMMoe TSI pa3pabOTKKU HOBBIX M 3((MEKTUBHBIX TEPANIeBTUYCCKUX MOAXOI0B K JieueHIIO BA.

Knrouesvie crosa: nelipodeeenepayus, cmapeHue, MUKpo2aus, UHGAamMIUONcute, 0CnaleHue, UMMYHOCEHECUEeHUUs

MORPHOFUNCTIONAL CHANGES OF MICROGLIA IN ADULT
AND OLD WISTAR RATS

Sentyabreva A.V.»?, Melnikova E.A.?, Miroshnichenko E.A.*",
Tsvetkov L.S.?, Kosyreva A.M.»"

¢ A. Avtsyn Research Institute of Human Morphology, Petrovsky National Research Centre of Surgery, Moscow, Russian
Federation

b Research Institute of Molecular and Cellular Medicine, Peoples’ Friendship University of Russia, Moscow, Russian
Federation

Abstract. Alzheimer’s disease (AD) is one of the most prevalent neurodegenerative diseases leading to
dementia. There is no effective treatments for this disease so far, as well asa consensus concerning the mechanisms
of its pathogenesis initiation. Obtaining data on them in vivo is possible only by modeling neurodegeneration in
laboratory animals. Among the various theories of the initiation of neurodegeneration, the impact of microglia is
vigorously studied recently, as well as inflammaging, which is a term for chronic age-related low-grade systemic
inflammation. It manifests in the increasing number of senescent cells with senescence-associated secretory
phenotype (SASP). Eventually, it leads to manifestation and progression of age-related diseases, such as AD.
The aim of the study was to evaluate age-related changes in microglia, pro- and anti-inflammatory cytokines
expression levels in the brain, as well as ones of microglial activation, and also subpopulations of lymphocytes
in peripheral blood. We used male Wistar rats of two age groups, which were composed of old (age 24 months)
and adult (age 3 months) rodents, without any additional exposure. In the hippocampus, morphological
changes in microglia were assessed on preparations stained with antibodies to Ibal. In the prefrontal cortex,
RT-qPCR was used to study the level of expression of pro-inflammatory 1L-6 and TNFa, anti-inflammatory
IL-10 and TGF-B cytokines, as well as microglial activation markers iNOS and MMP-9. In the peripheral
blood, the relative numbers of the main subpopulations of lymphocytes and monocyte were measured by flow
cytometry. It was shown that, compared with adult rats, old animals are characterized by significant changes
in the morphology of microglia, an increase in the level of expression of pro-inflammatory and a decrease in
anti-inflammatory cytokines, and an increase in microglia activation markers. With aging, a decrease in the
percentage of monocytes and B cells in peripheral blood was observed. These data indicate the development
of inflammaging, which displays itself in microglia activation, a shift in the balance of cytokine production
towards pro-inflammatory ones, and, as a result, activation of the migration of monocytes and B lymphocytes
from the blood into tissues. Thus, it is justified to study the role of inflammation in the development of AD in
old animals whose physiological state corresponds to that in humans. Further research in this area will expand
the understanding of the mechanisms of initiation and progression of neurodegeneration, which is necessary
for the development of novel and effective therapeutic approaches to the treatment of AD.

Keywords: neurodegeneration, aging, microglia, inflammaging, inflammation, immunosenescence
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Number of state registration of research, deve-
lopment, and technological work for civil purposes —
122030200530-6.

Introduction

Alzheimer’s disease (AD) is one of the most pre-
valent types of neurodegenerative diseases leading to
dementia. Today there are around 50 million patients
with AD worldwide [10], and this number will triple
by 2050 [11]. AD remains a great burden for not only
patients and people who provide the care of them. It
also makes an economic load on health care systems of
many countries worldwide, creating an annual global
cost of almost 1 trillion USD. Another challenge
associated with AD is an absence of any effective
treatment so far. Existing and approved drugs can only
faintly relieve the symptoms of AD.

There is no consensus concerning the initial
mechanisms of AD pathogenesis [1]. The impact
of inflammaging, or chronic age-related low-
grade systemic inflammation [3] is one of the most
perspective and intensively studying hypotheses so
far [5]. According to recent data microglia, which are
resident immune cells in the central nervous system
(CNS), might play the key role of AD development
as well [8]. Cellular senescence manifesting with
senescence-associated secretory phenotype (SASP)
leads to microglia activation and is associated with the
consistent increasing of pro-inflammatory mediators’
production [9] forming a vicious circle of the disease.
It is also worth noting that microglia cells, as well as
other types of immune cells, undergo the process of
cellular senescence themselves, which affects and
probably disrupts their function.

Although neurodegenerative diseases, such as AD,
belong to the group of age-related pathologies but
their modeling is still being conducted only on adult
rodents, whereas experiments on old animals can
provide more relevant data. The purpose of this work
was to study morphofunctional changes of microglia
in adult Wistar rats in comparison with old ones to
reveal age-related alterations.

Material and methods

The work was performed on adult (n = 10, age 3
months) and old (n = 10, age 24 months) male Wistar
rats, euthanized by overdose (15 mg/kg) of Zoletil
(Vibrac Sante Animale). The study was approved by
the Bioethical Commission of the Avtsyn Research
Institute of Human Morphology of Federal state
budgetary scientific institution “Petrovsky National
Research Centre of Surgery” (Protocol No. 36 (12)
March, 28, 2022). All experimental work involving

animals was carried out according to the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(1986).

For ICH-P study, frontal histological sections of
brains (6.0 mm posterior relative to bregma) were
stained with antibodies Ibal (1:100; P4C288Ra0l,
Cloud Clone) and secondary HRP Donkey-anti-
Rabbit antibodies (1:500; 416035, Novex Life Tech-
nologies). The pictures were captured with the Leica
microscope (DM 2500 Leica Microsystems) on mag-
nification 1600.

The expression of IL-6, 1L-10, TNFa, TGF-p,
iNOS, and MMP-9 mRNA was assayed by real-time
qPCR in tissue fragments of the prefrontal cortex.
The levels of all aforementioned mRNA expression
relative to GAPDH expression level as a reference were
determined using a qPCRmix-HS SYBR (Eurogen,
Russia) containing fluorescent intercalating dye SYBR
Green I. Amplification with detection and digital
analysis of fluorescence in real time was carried out
on DT-96 Real-Time PCR Cycler (DNA-Technology
JSC, Moscow, Russia) in a standard mode at 95 °C for
5 minutes followed by 95 °C for 15 seconds, 62 °C for
10 seconds + reading and 72 °C for 20 seconds 45. All
the primers sequences were picked up by on-line soft
Primer-BLAST.

Absolute and relative numbers of lymphocytes
various subpopulations were counted using flow cy-
tometry (Beckman Coulter, USA) in peripheral
blood. The following antibodies (eBioscience, USA)
were used for immune phenotypic analysis: anti-rat
CD3-PE for total T lymphocyte population, anti-rat
CD4-FITC for CD3"CD4" for T helpers, anti-rat
CDS8-PE-Cy5 for CD3*CDS8" for T cytotoxic cells,
anti-rat CD45R-FITC for CD45R*B cells, and anti-
rat CD43-PE for CD43* monocyte. Erythrocytes
were lysed with the OptiLyse C solution (eBioscience,
USA). The results were analyzed by Statistica 8.0
software (StatSoft, Inc.) using Mann—Whitney U test.

Results and discussion

In a morphological study, adult rats’ microglia had
a regular size and thin ramified processes, which are
features of resting functional status (Figure 1A, see 2™
page of cover). At the same time, old rats’ microglia
had an increased size and spheroidal swelling, hyper-
trophic, beaded, and tortuous processes (Figure 1B,
see 2" page of cover).

The result of qPCR showed that 1L-6 and TNFa
expression levels were higher in old rats than in adult
rats by 1.5-fold and 3-fold accordingly. Also iNOS,
which is a marker of M1 activated microglia, was
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Figure 2. mRNA expression levels of IL-6 (A), TNFa (B), iNOS (C), IL-10 (D), TGF-B (E), and MMP-9 (F) in the prefrontal

cortex of adult (left bar) and old (right bar) Wistar rats
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Figure 3. Percentage of CD45R'B cells (A) and CD43* monocyte (B) in peripheral blood of adult (left bar) and old (right bar)

Wistar rats

5-fold higher in old rats in comparison with adult
rats. Old rats group showed no IL-10 expression at all,
whereas the expression level of TGF-3 was 7.25-fold
higher in adult rats. At the same time MM P9, which is
a marker of M2 activated microglia, was 3-fold higher
in old rats group (Figure 2).

Additionally, the immune phenotypic analysis
of monocyte and lymphocytes subpopulations was
performed to estimate the impact of aging on the
number of various immune cells in peripheral blood.
Flow cytometry data demonstrated no statistically
significant differences in the relative numbers of
lymphocytes (CD3"), including CD3*CD4*T helpers

and CD3*CDS8*T cytotoxic cells, between the
groups. However, the percentage of CD45R*B cells
and CD43" monocyte was almost 2-fold and 6.5-
fold higher in adult rats in comparison with old rats
(Figure 3).

Hence, we observed morphological changes of
microglial cells, the decreasing of anti-inflammatory
cytokines expression levels and the increasing of pro-
inflammatory ones as well as microglia activation
markers, and the reduction of monocyte and B cells’
numbers in old rats due to aging.

Our data are consistent with latter results obtained
from humans. It was shown that identical changes of
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microglia appeared in healthy human with aging [6].
Shahidehpour et al. described age-related changes of
microglia morphology as hypertrophic and dystro-
phic and stated there were a strong evidence that
dystrophic microglia are disease-associated one. It is
generally accepted that the CNS resident immune cells
have so called “resting” and activated states. Microglia
activation, just as macrophages’ one, leads cells to pro-
inflammatory M1 polarization or anti-inflammatory
M2 polarization. But also there is a continuum of
different intermediate phenotypes between M1 and
M2, and microglia can take turns from one state to
another depending on microenvironment [4]. So, it
is not a surprising found of presence both M1 and M2
microglia in healthy adult and old rats.

At the same time, the significant rise of iNOS and
MMPY expression levels in old rats implies there is a
higher number of activated immune cells caused by
aging itself due to the development of SASP. Being
secretory active and likely senescent as well, these
microglial cells might not only fail their surveillance
and clearance functions, but also take part in
aggravation of already existing neuroinflammation
with unpleasant consequences. Revealing exact me-
chanisms to prevent them is a task yet to come.

We showed the reduction of monocyte and B cells’
numbers in peripheral blood of old rats. In recent
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