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Pe3iome. AyromMMyHHBIE 3a00JIeBaHUSI HAa CETOMHSIIIHUN JeHb 3aHUMAIOT JIMAUPYIOIEee MEeCTO IIO
YacTOTE BCTPEUYACMOCTH B MOMYJISIIINAM, CPEAU KOTOPBIX OOWH MPOICHT 3aHMMAaeT PeBMATOMIHBINA apTPUT
(PA). Pemuccust ipy naHHOM BuUJie 3a00JIeBaHUSI JOCTUTaeTcsl KpaliHe PeaKo U TpeOyeT IMOCTOSTHHOTO
ucnoib3oBaHUs dapmakoTepanuu. B ¢BsI3uM ¢ 3TUM HEOOXOAMMO MOAPOOHO M3yyaTh IaToreHe3 PA mjs
TIOVCKa HOBBIX MUIIIEHEH JICKapCTBEHHBIX IIpeIapaToB. MI3BeCTHO, YTO B pa3BUTUHM PA MpMHUMAOT yJyacTue
T-xenmmepst (Th)l u Th17. OgHako HEKOTOpBIE MCCIIENOBATEN MPEATOaraloT, 4To B pa3sutuu PA urpa-
T poab ILC. ILC saBastoTcs «BpOXACHHBIMU aHajioraMu» Th, BBUIY TOro, 4TO JaHHAS CYOITOITY/SIIUS
CUHTEe3UpyeT Takue e HUToKuHbI. ILC1 gBasieTcss BpoxaeHHbIMU aHamoramu Thl, ILC2-Th2, ILC3-
Thl7. ILC npenctaBiasgioT coOOil pe3uAeHTHbIE B TKAHSIX BPOXACHHBIE JUMMOUIHbIE KIETKU, KOTOPbIE
UMEIOT (DYHKIIMOHAJIBHOE pa3HOOOpa3ne U peTryIUpyIoT HAIIPaBICHHOCTh MMMYHHOTO OTBETa C IIOMOIIBIO
OPOAYKIIMU IIUTOKMHOB.

B kauecTBe MaTepuraia Mbl MCITOJb30BaIM MOHOHYKJIEpHBIe KJIeTKU nepudepudeckoit Kposu (MHK TTK)
oT nauueHToB (n = 19) u ycioBHO-310pOBLIX JOoHOPOB (n = 10). Ipyrnmna nauveHTOB Oblia pasaeiceHa B 3a-
Bucumoctu ot tepanuu: F'MBIT 1 MTX, a Takxke B 3aBUCUMOCTU OT ctanuu PA (paHHUII U OYeHb paHHUI
apTpuT, pa3BepHyThIit 1 mo3aHuit). MHK ITK 6b111 oKpaiieHbl MOHOKJIOHATbHBIMU aHTUTEJIAMU U OITpeie-
asuick Kak Lin"CD127%, B o011eit momnyiasuuu oteHuBaiu koardectso CD294*1LC (ILC2), CD117-CD294-
ILC 6bu11 uaeHtudumponanbl kak ILC1, a CD117*CD294-1LC 6butu onipeneneHbl kak [ILC3.

MEI TOJTYYIMJIIH CIIEAYIOIINe pe3yabTaThl: KoanmdecTBO ILC1 OBUIO HOCTOBEPHO CHIDKEHO Y ITAlIMEHTOB, ITT0-
nydaBimx MT 1o cpaBHeHUIO ¢ mauveHTamMu, Haxoasgimumucs Ha TUBIT u ycioBHO 310pOBBIMU JOHOPAMU.
Opnako nauueHThl HAa MTX ¢ no3aHeit cragueit PA numenn Huskue yposHu ILC2 u ILC3 no cpaBHEeHUIO ¢
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nauveHtamu Ha M BII. Tong ILC2 noctoBepHO Bo3pacTaja y mallMeHTOB Ha paHHUX cTaausax PA 1o cpaB-
HEHUIO ¢ mauureHTamMu ¢ nmo3aHeit cragueii PA. OgHako ILC1 OblIM 3HAYMTENbHO CHUXKEHBI Y TAallMEHTOB,
nojyuyaBmux MTX, a ILC3 3HaunTeIbHO YBEJIUUWJIUCH Y TTAlIMEHTOB, nmojiyyaBiinx MTX no cpaBHEHUIO C
T'BII.

Okcnpeccus PD1 Ha ILCI1 6buta moBbIlIeHAa TIO0 CPaBHEHUIO ¢ MaleHTaMu, noaydaBmmmmu 'MBIT. On-
Hako ILC3 manueHToB ¢ mo3nHuMu ctanusaMu Ha MTX nMmenu noBellIeHHYIO Kcnpeccuio PD1 mo cpaBHe-
HUto ¢ naureHTamu, npuHuMaBmuMu ' MBI, ILC3 noHOpoB ObLT 3HAYUTEIBHO MOBBIIIEH IO CPABHEHUIO C
nanueHtamu Ha TWUBII.

Karouesnie cnosa: aposcoennvie aumgoudHsie Kaemku, peemMamoudHslii apmpum, KOHMPOAbHble MOYKU UMMYHHO20 OMEema,
NnpomoHHas yUumMomempus, YUMoKUuHbl
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Abstract. Autoimmune diseases currently take a leading place in terms of frequency of occurrence in the
population, among which 1 percent is occupied by rheumatoid arthritis (RA). Remission in this type of disease
is extremely rare and requires constant use of pharmacotherapy. Studying the pathogenesis of RA is necessary to
study to search for new drug targets. It is known that T helpers 1 (Th) and Th17 are involved in the development
of RA. However, some researchers suggest that ILCs play a role in the development of RA. ILCs are “innate
analogues” of Th, due to the fact that this subpopulation synthesizes the same cytokines. ILC1 is innate analogs
of Thl, ILC2-Th2, ILC3-Th17. ILCs are tissue-resident innate lymphoid cells that have functional diversity
and regulate the direction of the immune response through the production of cytokines.

We used peripheral blood mononuclear cells (PBMCs) from patients (n = 19) and conditionally healthy
donors (n = 10) as material. The group of patients was divided biologic disease-modifying anti-rheumatic drugs
(bDMARDs) and Metotrexate (MTX) and of stage of RA (early and very early arthritis, advanced and late).
PBMCs were stained with monoclonal antibodies. ILCs were identified as Lin-CD127*, CD294*ILCs (ILC2)
were measured in the general population, CD117-CD294-1LCs were identified as ILC1, and CD117"CD294-
ILCs were identified as ILC3.

We obtained the following results: ILC1 was significantly reduced in patients treated with MTX comparison
with patients on bDMARDs and healthy donors. However, patients on MTX with advanced RA had low levels
of ILC2 and ILC3 compared to patients on bDMARDs. ILC2 significantly increased in patients with early
stages of RA comparison with patients with advanced RA. However, ILC1 was significantly reduced in patients
treated with MTX, and ILC3 increased significantly in patients treated with MTX comparison with bDMARDs.
Expression of PD1 on ILC1 was increased compared to patients treated with bDMARDs. However, ILC3
patients with advanced stages on MTX had increased expression of PD1 comparison with patients taking
bDMARDs. The ILC3 of donors was significantly increased comparison with patients on bDMARDs.

Keywords: ILC, rheumatoid arthritis, immune checkpoint molecules, flow cytometry, cytokines

The study was carried out within the framework
of research project No. 122012000366-9 “Study of
the immunopathogenesis of phenotypes of socially
significant human diseases and polymorbidity as

Introduction

Today rheumatoid arthritis (RA) is one of the
most common diseases among autoimmune diseases
[8, 9]. RA is associated with progressive disability,

a basis for the development of new methods of
personalized diagnosis and treatment”.

systemic damage of organs and tissues, as well as with
economic costs for society [6]. Until today, research
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on rheumatoid arthritis is important and a significant
problem due to low efficiency of medicines and the
risk of developing unwanted effects. Therefore, it is
necessary to study in detail the pathogenesis of RA
and to search for new drug targets. Remission of RA is
achieved extremely rarely and requires permanent use
of pharmacotherapy [6]. It is interesting to research the
role of innate lymphoid cells (ILC) in the development
of autoimmune inflammation in RA, especially
the role of plasticity of these cells. ILCs are tissue-
resident innate lymphoid cells which have a functional
diversity similar to T cells. In addition, ILCs regulate
the direction of the immune response through the
production of cytokines. Accordingly, understanding
of these processes will allow the development of new
therapeutic strategies aimed at reducing inflammation
or enhancing antitumor immunity and based on the
possible reprogramming of T cell populations towards
one or another phenotype [1, 2].

ILCs are same as Thl because they respond to
intracellular pathogens, secrete IFNy, and they
depend on T-bet for their differentiation. ILC2s are
like Th2 cells which produce high levels of interleukin
(IL)-4, IL-5 and IL-13 in response to 1L-33, IL-25
and thymic stromal lymphopoietin (TSLP). ILC-2s
express high levels of the transcription factors GATA3
and RORa. ILC-3s are innate analogues of Thl7
cells. It depends on RORyt [1, 2, 7, 11].

Materials and methods

The study included 10 volunteers and 19 patients
with RA divided into 3 groups according to the
disease stage and treatment: (1) late and advanced
stages 10 patients were treated with biologic disease-
modifying anti-rheumatic drugs (bDMARD:s); (2)
late and advanced stages 5 patients were treated with
methotrexate (MTX); (3) early and very early stages
4 patients were treated with MTX 9 ml of blood
was collected from donors and patients. Peripheral
blood mononuclear cells (PBMCs) were isolated
from heparinized venous blood in a ficoll-urografin
density gradient (1.077 g/ml). Isolated PBMCs were
stained with fluorochrome-conjugated monoclonal
antibodies: anti-Lineage (CD3/14/16/19/20/56)
and anti-FceR1 alpha-FITC, anti-CD294-APC/
Cy7, anti-CD127-PerCP/CyS5.5, anti-CD336-PE,
anti-CD117-APC.C3. ILCs were defined as Lin-
CD127*, CD294*ILCs were estimated as ILC2,
CD117-CD294°ILCs were defined as ILCI, and
CDI117"CD294°ILCs were identified as ILC3. The
cell phenotype was analyzed on a FACS Canto II
flow cytometer (BD Biosciences, USA). Statistical
processing of the obtained data was carried out
using the GraphPad Prism 9.0.0 application package
with one way ANOVA. Differences were considered
significant at p < 0.05.

Results and discussion

We found that ILC 1 is significantly reduced
in patients treated with MTX in comparison with
volunteers (D) and patients on bDMARDs in all
stages of RA. However, we found that in patients with
advanced and late stages of RA treated with MTX
had significantly reduced ILC2 and ILC3 compared
to volunteers and patients in bDMARDs (Figure 1).
ILCs2 were significantly increased in patients in early
and very early stages of RA in comparison with patients
on late stage of RA on MTX and bDMARDs. However
ILCsl were significantly reduced in patients which
were treated with MTX, but ILCs3 were significantly
increased in patients on MTX comparison with
patients in bDMARDs (Figure 2).

ILC1 of patients who were treated with MTX
had significantly increased expression of PDI in
comparison with patients on bDMARDs. However
we noted relative to ILC3 that expression of PD 1 is
significantly increased in patients who were treated
with MXT (late stages of RA) in comparison with
patients with use bDMARDs. Also we found that ILC3
of donors are significantly increased in comparison
with patients were treated with bDMARDs, however
were compared to ILC1 and ILC2 donors and patients
on bDMARDs we found trend. In the proportion
of ILC2 cKit" we didn’t obtain significant results
(Figure 3).

It has been shown that various cells play a role in
the development of RA, such as DCs, T and B cellsand
other cells. ILC have been seems have been involved
in the pathogenesis of development RA too [2, 10, 11,
13].

This study demonstrates that numbers of ILCs
depend on stage of RA as well as therapy. Some
research reports that numbers of ILC1 and ILC3 is
increased in the peripheral blood, synovial fluid, and
lymph node of patients with RA, however numbers
of ILC2 were low [5]. Apparently, the balance of ILC
changes in patients with RA. In early stage of RA we
observed ILC1 was low, but ILC2 is increased in the
peripheral blood. These results are consistent with
previous studies [12]. While the number of ILC2 in the
synovial fluid (SF) of patients was decreased in active
phase of RA, it was increased in remission [3, 12]. In
later stage of RA we observed that numbers of ILCI is
significant increased. ILC 2 has been suggested to play
a protective role synthesizing IL-4 and 1L-5 activated
Th2 to downregulate the inflammatory processes in
RA [12]. ILCs2 secrete IL-10 and TBF b to reduce
inflammation in gut by suppressing both ILC1 and
ILC3 (2, 11, 13].

As known, patients with RA have an overactive
immune response. These patients have a biased
immune response, T helpers (Th)1 and Th17 which are
significantly increased in comparison with Th2. ILCs
are “innate analogues Th”. ILCs locate on barrier
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Figure 1. Number of ILC Lin". D, healthy donors, bDMARDs (biologic disease-modifying anti-rheumatic drugs), MTX E
(patients who were treated MTX with early stage RA), MTX (patients who were treated MTX with advance stage RA)

Note. Data are presented as median + interquartile range with n = 10 (D), n = 12 (-DMARDs), n = 4 (MTX E.), n = 5 (MTX).*, significant

differences are p < 0.05 by employing one-way ANOVA.
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Figure 2. Number of ILC Lin"CD127*. D, healthy donors, bDMARDs (biologic disease-modifying anti-rheumatic drugs), MTX

E (patients who were treated MTX with early stage RA), MTX

(patients who were treated MTX with advance stage RA)

Note. Data are presented as median + interquartile range with n = 8. *, significant differences are p < 0.05 by employing one-way ANOVA.

tissues and first respond on various stress signals by
synthesizing cytokines to affect to TH. So we conclude
that balance Th depends on ILCs and in that way
anti-rheumatic therapy can balance the population of
T helpers. [3]. Herman et al. [4] reported that MTX
significantly reduces Thl cells and modulates the
immune status towards Th2 dominance. We obtained
that balance of ILC depends on therapy as well.
Patients which were treated with MTX have higher
numbers of ILC2 and ILC3. However, Tamimoto et

al. [10] reported that bDMARDs (rituximab) directs
the immune response to Th 1. We obtained similar
results that bDMARDs significantly increase 1LCI.
Thus numbers of ILC depends on stage and therapy
of RA.

PDI1 is an important negative regulator of dif-
ferentiation that plays similar role on ILC as on other
cells. The numbers of ILCs 2 depends on expression of
PD 1 [11]. ILC synthesize high level of Th2 cytokines
such as IL-5, IL-13, IL-9 in the absence PDI or
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Figure 3. Expressions of PD-1 and PDL-1 immune checkpoint molecules on ILC. D, healthy donors, bDMARDs (biologic
disease-modifying anti-rheumatic drugs), MTX E (patients who were treated MTX with early stage RA), MTX (patients who
were treated MTX with advance stage RA)

PD-1-knockout (KO) mice, so that high lever PD1  Conclusion

can to inhibit of ILC [11]. We found that expression We found that the balance of ILC depends on
PD1 of ILC1 with patients on bDMARDs significantly therapy and stage of RA. However, further research
reduced which can explain high level of numbers of js needed to confirm the relationship between the
ILC. Thus PD1 plays an important role to maintain  balance of ILC and antirheumatic drugs to improve
the number of ILC. the effectiveness of treatment.
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