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NAPAMETPbI KJIETOYHOIO UMMYHUTETA Y BOJIbHbIX

PEMUTTUPYIOLLEUA ®OPMOUN PACCESHHOIO CKJIEPO3A
NBanosa ILIL., 1évmuna /1.B., JaBsimosa M.H., Ceaenunona I'.B.

DIbHY « Hayuno-uccaedogamenvckuii uHcmumym (GyHOamenmanbHol U KAUHUMECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

Pesrome. Lleapro HacToOsIIE pabOTHI CTaI0 M3ydeHNE HEKOTOPHIX MapaMeTPOB KIIETOUYHOTO MMMYHUTE-
Ta y 00ibHBIX paccestHHbIM ckiiepo3oM (PC). B nccnenoBanue O0bUtM BKIIIOYEHBI 10 MAllMEHTOB C PeMUT-
Tupytoueit opmoit PC B Bo3zpacte ot 32 no 50 net. JluarHo3 ObL1 yCTaHOBEH KIMHUYECKU U MOATBEPXK-
JIeH MarHUTHO-PE30HAHCHBIM HcciienoBaHeM. [lareHTsl He ToTydaln MMMYHOCYIIPECCUBHYIO TepaITnio
B TeUeHME MO KpaiiHel Mepe 6 MecslieB 10 Havaia uccieaoBaHusi. HeBposornyeckuii craryc Bcex o6cie-
JIOBAaHHBIX MAllMEHTOB OLIEHUBAJICS MO (DYHKIIMOHAJIBHOM 1iKajae KypTike ¢ MCIOJb30BaHUEM pAaCIINpPEH-
Hoi mkanel mHBanuau3annu (EDSS) u cocrasmi B cpentem 4,0+0,67 6amia. CpegHee 4McIO 000CTpEHUI
B roa obuio 1,25+0,25. Ilpu ucciienoBaHUM TaKUX MapaMeTpOB UMMYHHOTO CTaTyca, KaK KOJu4ecTBO T-,
B-, NK-knertok, conepxaHue UMMYHOIJIOOYJIMHOB, (parouuTapHasi aKkTUBHOCTb MOHOLIMTOB U TPaHYJIOLIM-
TOB, TIPOAYKIIMSI UMU aKTUBHBIX BUIAOB KUCIOpOAa, Y MamueHToB ¢ PC cyllleCTBEeHHBIX pa3IMuuii B cpaB-
HEHHMU C HOPMAaJIbHBIM TOHOPCKUM YpOBHEM He HabOmomanoch. BMecte ¢ TeM, HAaM1 OBLJIO OTMEUYEHO yCH-
JIeHHE TIpoaepaTUBHOTO OTBETa MOHOHYKJICAPHBIX KJIETOK KPOBU Ha MUEJIMHOBEIN aHTUTEH B 2,35 pa3za.
Conepxanne CD4"CD45RO*CD62L" 1 CD8"CD45RO"CD62L" neHTpaibHbIX T-KJIETOK MaMSTH, a TAKXKE
CD8*CD45RO"CD62L achdekTopHbIX T-KJIETOK MaMsITH B KPOBU 001bHBIX PC 3HaYMMO MpeBbIIIAIo KOH-
TposibHbIe 3HaYeHus (p < 0,05). Takxke y 60abHbIX PC, M0 CpaBHEHUIO CO 3I0POBBIMU JIMLIAMU, UMEJIO MECTO
noBbIlIeHHOE cofepxxaHue HauBHbBIX CD4*CD45R0O- 1 CD8*CD45RO T-knetok, Hecymux IFNy (p <0,01),
u yBeaudenrne CD4*CD45RO™ u CD8*CD45RO*T-ki1eToK naMsT!, TIPOAYLMPYIOLIMX B OTBET Ha aKTHUBa-
uuto IFNy unu IFNy Bmecte ¢ IL-4 (p < 0,01). C 3TUMU JaHHBIMU COTJIACYeTCsI 3HAUUTEJIbHOE YBEJIUYEHUE
cbIiBopoTOUYHBIX ypoBHelt IFNy 1 IL-17 1 orcyrcTBue usameHeHuii ypoBHs [L-4. OTHOcUTeNIbHOE coiepKaHue
«HauBHbIX» CD4*CD25"FoxP3*, a takcke nnayuupoBaHHbix CD4*CD25 FoxP3* perynastopHbix T-kieTok y
6osbHBIX PC cyliecTBEHHO He U3MEHSIJIOCH 110 CPaBHEHMIO C JOHOPCKUMU 3HAYEHUSIMU. Pe3ysibraThl OLIEHKH
HEKOTOPBIX IToKa3aTeJeii UMMYHHOTO cTatyca y 00JbHBIX PC cBUACTENBCTBYIOT O (hyHKIIMOHAJIBHOM TIepe-
CTPOIIKe UMMYHHOI CCTeMBI B cTopoHy Th1 Tuira uMMyHHOTO oTBeTa. OUeBUIHO, YTO UMMYHOTPOITHOEC JIe-
yenre PC mokHO OBITH HAITpaBJICHO HA MHAKTUBAILIAIO ayTOUMMMYHHBIX T- 1 B-mMdonmros, momasieHmne
TIPOAYKIINHU IIPOBOCITAIUTEILHBIX MEINATOPOB M YCUJICHNE aKTUBHOCTH €CTECTBEHHBIX I MHAYITNPOBAHHBIX
PEeTyIITOpHBIX T-KIIETOK.

Knrouegwie cnosa: kaemounwiii ummyrnumem, T-aumgoyumot, YumoKuHsl, KAeMKU NAMAMU, PACCeSHHbLI cKAepo3, T-Kkaemounas
B8aKYUHA

Anpec 1S IepenucKu:
Heanosa Hpuna Ilemposna

Address for correspondence:
Ivanova Irina P.

DIbHY «Hayuno-uccaedoeamenbCkuli uHCmMumym
yHOameHmanvHO U KAUHUHECKOU UMMYHON02UU»
630099, Poccus, e. Hosocubupck, ya. Aopunuesckas, 14.
Tea.: 8 (383) 222-48-61.

FE-mail: irinaiki@rambler.ru

Research Institute of Fundamental and Clinical Immunology
630099, Russian Federation, Novosibirsk,

Yadrintsevskaya str., 14.

Phone: 7(383) 222-48-61.

E-mail: irinaiki@rambler.ru

O0pa3sen IMTHPOBAHKUS:

HU.Il. Heanoea, /I.B. /lémuna, M.H. /laewbidosa,

I B. Ceneduosa «Ilapamempol KnemouHoeo umMMyHumema
¥ 604bHbBIX pemummupyroujeii hopmoti paccessHHo20
cxaeposa» // Meouyunckas ummynonoeus, 2021. T. 23,
No 4. C. 743-748. doi: 10.15789/1563-0625-CIP-2290

© Hesanosa U.I1. u coaem., 2021

For citation:

1L.P. Ivanova, D.V. Dyomina, M.N. Davydova, G.V. Seledtsova
“Cellular immunity parameters in patients with remitting
multiple sclerosis”, Medical Immunology (Russia)/
Meditsinskaya Immunologiya, 2021, Vol. 23, no. 4,

pp. 743-748. doi: 10.15789/1563-0625-CIP-2290

DOI: 10.15789/1563-0625-CIP-2290

743



Heanoea U.I1. u op.
Ivanova I.P. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

CELLULAR IMMUNITY PARAMETERS IN PATIENTS WITH

REMITTING MULTIPLE SCLEROSIS
Ivanova L.P., Dyomina D.V,, Davydova M.N,, Seledtsova G.V.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. The aim of this work was to study some parameters of cellular immunity in patients with
multiple sclerosis (MS). The study included 10 patients with relapsing-remitting MS aged 32 to 50 years.
Diagnosis was clinically established and confirmed by magnetic resonance imaging. Patients did not receive
immunosuppressive therapy for at least 6 months prior to study entry. The neurological status of all examined
patients was assessed using the Kurtzke functional scale using the Extended Disability Scale (EDSS) and
averaged 4.0£0.67 points, the mean number of exacerbations per year was 1.25+0.25. While studying such
parameters of the immune status such as the number of T, B, NK-cells, the content of immunoglobulins,
the phagocytic activity of monocytes and granulocytes, their production of reactive oxygen species, no
significant differences were observed in patients with MS in comparison with the normal donor level.
At the same time, we have noted an increase in the proliferative response of mononuclear blood cells to
myelin antigen by 2.35 times. The content of CD4*CD45RO*CD62L* and CD8"CD45RO*CD62L*
central memory T-cells, as well as CD8"CD45RO*CD62L- effector memory T-cells in the blood of MS
patients significantly exceeded the control values (p < 0.05). Also, in MS patients, compared with healthy
individuals, there was an increased level of naive IFNy-positive CD4*CD45R0O- and CD8"CD45ROT-cells
(p < 0.01), and an increase in CD4*CD45R0O" and CD8"CD45RO" memory T-cells producing IFNy or
IFNy together with IL-4 in response to the activation (p < 0.01). Consistent with these data, there were
significantly increased serum IFNy and IL-17 levels and no changes in IL-4 levels. The relative level of
naive CD4*CD25*FoxP3*, as well as induced CD4"CD25 -FoxP3" regulatory T-cells in MS patients did
not significantly change compared to donor values. The results of assessing some parameters of the immune
status in M S patients indicate a functional reshaping of the immune system towards the Th1 type of immune
response. It is obvious that immunotropic treatment of MS should be aimed at inactivating auto-immune T-
and B-lymphocytes, suppressing the production of proinflammatory mediators, and enhancing the activity
of natural and induced regulatory T-cells.

Keywords: cellular immunity, T-cells, cytokines, memory cells, multiple sclerosis, T-cell vaccine

tolerance mechanisms. If case such mechanisms
fail it might be due to weakened regulatory T-cells
activity and/or increased effector T and B-cell
resistance to suppression, autoreactive T-cells may be
activated and become a sufficient cause for developing
autoimmune disease [1, 5]. It was shown, that CNS
in MS patients was infiltrated by activated T-cells,
B-cells, plasma cells, dendritic cells and macrophages
suggesting that both cellular and humoral immune
responses, as well as various immunopathological
effector mechanisms contribute to tissue damage.

Introduction

Multiple sclerosis is a neurodegenerative disease
with an autoimmune pathogenesis. In 90% of cases,
disease onset proceeds in a remitting form, so that
each exacerbation aggravates severity of neurological
symptoms. Over time, multiple sclerosis acquires a
secondary progressive course in about 50% of cases.
Primary progressive disease course occurs in about
10% of patients.

A great number of experimental and clinical

studies were dedicated to MS pathogenesis and
treatment and indicate that immune system plays
a dominant role in its pathogenesis. [1]. The ability
of the human immune system to respond to vast
array of antigens poses a risk that some T-cells
might recognize host own antigens, such as myelin
antigens of the central nervous system (CNS). Most
autoreactive T-lymphocytes are eliminated in the
thymus via negative selection (central tolerance).
However, some of these T-cells escape from thymus to
peripheral sites usually being controlled by peripheral

Type 1 CD4*-helper T (Thl) cells produce cytokines
(IFNy, TNFa, IL-2) resulting in recruitment of
resident macrophages and effector cytotoxic cells
to inflammation site, secretion of proinflammatory
cytokines, enhanced activity of antigen-presenting
cells, as well as increased production of reactive
oxygen and nitrogen species creating favourable
conditions for developing inflammation [8]. Type 17
CD4*-helper T-cells (Th17), producing IL-17 and
IL-22, increase permeability of blood-brain barrier,
activate myelin-reactive T- and B-cells. In addition

744



2021, T. 23, No 4
2021, Vol. 23, No 4

Hmmynumem npu paccesiHhom ckaepose
Immunity in multiple sclerosis

to releasing proinflammatory mediators, CD8*T-
cells directly attack oligodendrocytes and neurons,
causing their death through secreted granzymes and
perforin involved in pore formation and triggering
programmed cell death [1]. This process leads to loss
of myelin and damage to axons. It should be noted that
entry of epitopes into the bloodstream may lead to a
broader autoimmune response involving additional
autoantigens [4, 6, 10].

Modern methods of treatment for multiple
sclerosis are based on long-term immunosuppressants
and disease-modifying drugs, which lower rate of
relapses and severity of inflammation in the central
nervous system. They decrease activity of B and
T-cells as well as blood-brain barrier permeability.
Obviously, it is also necessary to develop approaches
for specific disease suppression not associated with
systemic suppression of the immune system, but
selectively suppressed immune responses to host own
antigens [14]. The aim of this study was to examine
some parameters of cellular immunity in patients with
multiple sclerosis in order to search for and develop
new methods of specific therapy and assess efficacy.

Materials and methods

The study was carried out within the framework
of the Exploratory Scientific Research, approved by
the Scientific Council and the Ethics Committee of
the Federal State Budgetary Scientific Institution
Research Institute of Fundamental and Clinical
Immunology, Novosibirsk. The study included 10
patients with relapsing-remitting MS aged 32 to 50
years. Informed consent was obtained from each
patient. The diagnosis was made clinically and
confirmed by magnetic resonance imaging. Patients
received no immunosuppressive therapy for at least
6 months prior to study entry. The neurological
status of all examined patients was assessed using the
Kurtzke functional scale, the Extended Disability
Scale (EDSS) that averaged 4.0£0.67 points,
the average annual number of exacerbations was
1.25%0.25. The immune status of patients (count of
CD4*CD3*CD45"* and CD8*CD3*CD45*T-cells,
CD16"CD56"CD45*NK-cells, CD19"CD45"B-
lymphocytes, serum immunoglobulins, phagocytic
tests) was assessed in the clinical and immunological
laboratory of the Institute by using standard methods.

To assess the antigen-induced proliferative res-
ponse, PBMC were cultured in a 96-well plate at
a concentration of 2 x 10° cells in complete culture
medium RPMI 1640, with/without myelin basic
protein (MBP) for 5 days in a humid atmosphere
with 5% CO,. Cell proliferation was evaluated by [*H]
thymidine incorporation.

The relative number of memory cells was deter-
mined by flow cytofluorimetry using phycoerythrin
(PE)-labeled monoclonal antibodies (MA) LT4 (CD4)

and LT8 (CD8) (Sorbent, Moscow) conjugated with
fluorescein isothiocyanate (FITC) MA to CD45RO
(EBioscience, USA) labeled with allophycocyanin
(APC) anti-CD62L MA (eBioscience, USA). The
following cell populations were determined based
on surface marker staining: naive cells (CD45RO-
CD62L"), central memory cells (CD45RO"CD62L"),
effector memory cells (CD45RO*CD62L). The data
are depicted as the percentage of each population out
of total lymphocyte count.

Surface markers of regulatory (CD4*CD25*
FoxP3*) cells were determined by using anti-CD4
MA labeled with APC; MA to IL-2 receptor (CD25)
conjugated to FITC. FoxP3 expression was assessed
by using PE-labeled MA (all reagents purchased
from Becton Dickinson, USA). The percentage of
positive cells was determined on a FACS Calibur
immunocytometer.

The level of IFNy and 1L-4-producing lymphocy-
tes was assessed by an intra-cellular cytokine staining
in 4-hour PBMC cultures treated with 30 ng/ml pho-
rbol ester, 1 pg/ml ionomycin, and 1 pug/ml brefeldin
A (all ICN reagents, USA). After cultivation, the
cells were treated with MA against surface markers
CD4 and CDS8 labeled with peridinine chlorophyll
protein (PerCP) and conjugated with APC MA to
CD45RO (eBioscience, USA), fixed, permeabilized
and incubated with MA against IFNy (FITC) and
IL-4 (PE) (Becton Dickinson, USA). Next, the
cells were washed and analyzed on a FACSCalibur™
flow cytometer (BD Biosciences, USA). Data are
presented as the percentage of each cell population
out of total lymphocyte count.

Serum cytokines IFNy, IL-4, IL-17 were quan-
tified by using the enzyme-linked immunosorbent
assay using commercial kits (Vector-Best, Russia).

Results and discussion

We investigated parameters of immune status in
MS patients and observed no significant differences
compared to volunteers. T, B, NK-cell count, im-
munoglobulin level, phagocytic activity of monocytes
and granulocytes as well as production of reactive
oxygen species were within normal range (Table 1).

We noted proliferative response of MNCs to
myelin antigen that increased by 2.35-fold, which
may indicate at increased number or functional
activity of myelin-reactive lymphocytes in patient
blood samples.

The number of blood CD4*CD45RO*CD62L*
and CD8"CD45RO*CD62L" central memory T-cells
in MS patients, as well as CD8"CD45RO*"CD62L-
effector memory T-cells were increased significantly.
Control values (p < 0.05). Our studies indicate at
accelerated differentiation of naive cells into central
CD4* and CD8* memory T-cells and cytotoxic
effector CD8*T-cells in MS. This effect promotes
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TABLE 1. IMMUNOLOGICAL CHARACTERISTICS IN PATIENTS WITH REMITTING MULTIPLE SCLEROSIS, Mtm

Immunological parameters MS Patients
CD4*CD3*CD45*T-cells, percentage of total lymphocytes 49.75+4.29
CD8*CD3*CD45*T-cells, percentage of total lymphocytes 29.75+4.02
CD16*CD56*CD45*NK-cells, percentage of total lymphocytes 7.00£0.91
CD19*CD45*B-lymphocytes, percentage of total lymphocytes 8.50+0.64
IgM serum 2.34+0.48
IgA serum 2.16+0.58
1gG serum 10.93+0.60
CIC level of circulating immune complexes in serum 27.50+10.04
Monocytes phagocytic, % 90.25+4.50
Granulocytes phagocytic, % 93.50+3.27
Monocytes producing reactive oxygen species, % 76.25+4.80
Granulocytes producing reactive oxygen species, % 91.25+3.12
Proliferative response of MNC from patients, cpm
medium 23061466
mielin 54161965
Serum cytokine content
IFNy, pg/mi 144.0+46.7
IL-4, pg/ml 11.70+2.98
IL-17, pg/ml 8.3+3.7
Memory T-cells
CD4*CD45RO*CD62L* 4.89+0.56
CD4*CD45RO*CD62L- 7.64+1.38
CD4*CD45ROCD62L* 6.55+0.54
CD8*CD45RO*CD62L* 0.37+0.10
CD8*CD45R0O*CD62L- 1.28+0.30
CD8*CD45RO-CD62L* 4.67+£1.37
Memory T-cells producing intracellular IFNy v IL-4
CD4*/CD45RO"*/IFNy*/IL-4 8.60+3.64
CD4*/CD45RO*/IFNy/IL-4* 2.68+1.09
CD4*/CD45RO"*/IFNy*/IL-4* 8.69+4.91
CD4*/CD45RO/IFNy*/IL-4- 1.93+0.90
CD4*/CD45RO/IFNy/IL-4* 0.96+0.29
CD4*/CD45RO/IFNy*/IL-4* 0.48+0.22
CD8*/CD45RO"*/IFNy*/IL-4 11.10+4.23
CD8*/CD45RO*/IFNy/IL-4* 4.39+2.48
CD8*/CD45RO"/IFNy*/IL-4* 1.47+0.84
CD8*/CD45RO/IFNy*/IL-4- 7.48+2.09
CD8*/CD45RO/IFNy/IL-4* 1.43+0.56
CD8*/CD45RO/IFNy*/IL-4* 0.7410.25

antigen-specific T-cell expansion in response to re-
peated, systemic antigen effects [12].

It is believed that IFNy-producing T-cells cont-
ribute to developing MS, whereas 1L-4 production
by T-cells may have a neuroprotective effect [7, 13].
We assessed blood T-cell count capable of producing
IFNy and/or IL-4. The data are presented in the
Table 1 indicating that count of naive CD4*CD45RO-

and CD8"CD45ROT-cells carrying [IFNy (p < 0.01)
and CD4*CD45RO* and CD8*CD45RO* memory
T-cells, producing IFNy with/without IL-4 activated
in MS patients vs. healthy individuals was significantly
increased (p < 0.01). It indicates at systemic skewing
of T-cell function towards pro-inflammatory immune

responses.
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These data show consistently a significantly in-
creased serum levels of IFNy and IL-17 without
affecting IL-4 levels, which also indicates a shift
towards dominance of Thl immune reaction, which
is a prerequisite for triggering specific autoimmune
response.

A body of evidence on relative number of
regulatory T-cells showed that the count of naive
CD4+*CD25"FoxP3* (2.58+1.22), as well as induced
CD4* CD25FoxP3* (14.13+5.89) T-cells in MS
patients did not change significantly compared to
donor values (2.72%1.08 and 17.4%5.9, respectively).

Assessing some parameters of T-cell immunity in
patients with multiple sclerosis indicates a functionally
skewed immune system towards Thl type immune
response. It is believed that autoimmune T-helper
(Th)-1 and Th17-cells specific for myelin-associated
antigens play a major role in MS pathogenesis,
regardless of initial triggering event [11]. Activated
encephalitogenic T-cells invade the CNS, and,
by producing pro-inflammatory cytokine recruit
macrophages, CD8*T-cells and NK-cells in nervous
tissue-destructive processes [7]. It is assumed that
activation of CD4*T-cells (including memory cells) is
associated with MS exacerbation, whereas activation
of CD8*T-cells reflect systemic immunological
dysregulation in MS patients [2, 12]. IFNy, TNFa
and perforin produced by CD8*T-cells are involved in
macrophages activation and maintenance of chronic
inflammation as well as demyelinating process.

It is obvious that immunotropic treatment of MS
should be aimed at inactivating auto-immune T and B
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