JECM 2022/5

NINO KIKODZE ', MANANA IOBADZE °, NINO TSISKARISHVILI ®, IA PANTSULAIA '?,
NONA JANIKASHVILI !, TINATIN CHIKOVANI
TH SUBSETS AND SERUM CYTOKINES IN THE PATHOGENESIS OF RHEUMATOID
ARTHRITIS
'Immunology department, Tbilisi State Medical University; V.Bakhutashvili Institute of medical
Biotechnology, Thilisi State Medical University; *Todua Medical Center

b0ber ‘:fojmd‘r] ! '2, Gobobo om&oo{g 2, ) gob 070(60330@0 3 , 00 @05&7@000 ! '2,
bmbo J‘oé-oawé"goqpo 1, 0060006 ﬁnjmlgoé-o]
T 3gem396gdab Lyddm3gmmozogde oo 3Gl 3otm 306980 GHg38shmoaeremo sGméathelb 3ocmmggbgddo
108‘3600@00800[) @3306@0336@0, mboqmbob bobg@ago%m boangBo&'\o 360336b06360;
23.6053@0330@0[} Lob. boaaQoBosm BOMOSdGMQmaoob on@o@nOo, ooboqmbob bobgqﬁ(;ocgm
boangBosm 360306[}063@0; 303. ooooqraob boangBo&n 8360(430

6q30md

6(73300(00@‘7@0 oémﬁ/)o@o 001)0‘73‘760 06-32‘720320 @0030@3300. ol boboomqo‘géo bé@o@ob Qo
dg@ob @03006:93009, (r/)og boblolb q;(yé-jgoob @06@3330() 06:3330. @609090 305303@(05030, 33/)00’@0)0
33@@0(0('/3506:7@0: %70@@306, 3‘7@06 o motﬁ;g@ob @03006:7(3‘750 505300906(:03/1. Qooogoqo‘g&ob
@05:(/‘75030, bob@gﬂgéo oj@ogéo %w3ob @609[), 01133‘9 333&50@0930[) 333(0‘73 gq;(v/)m qpm‘;oqn‘yé
oéooj@o‘yﬁ @030[90 50@003@00 @6(0(}, 0336:760 o /J@émgob J‘jég@g&ob, od 3‘3‘6‘7@3506 30‘96
6'063mj350@0 800(00:06:98000 o jgﬁmo?oé:g&ob (60)3@0 erbgqoa Hmé-ogo@gm&b. 6‘7330@090@‘7@0
060600011 3(_1/(06:7 3080‘75&9300 3‘9('/)0%7‘760‘7@0 bobbapob Thl, Thi7, Tregs o CD4°CD39" ‘:7‘)‘6‘7(0‘7300
o S0 o oébooé-oogéooon b’o@momé-‘géob 3609%70@011 3‘9@00‘930 3096(00 47 3030‘76@00 o 20
306-350)3@ 05@030@30.

6(7330@(00@3@0 oém(r/m@ob :9(_1](06:9 3030‘96-&730 Qooym 6 J3ayxoc: oj@o(y(ﬁo Qv
oéooj@o‘yﬁo 0609(50@0. 3(030603‘7@06‘7 Thi, Thi7, Tregs oo CD4'CD39" ‘73('/3‘7@3300 bobdocols
506-0603@360 Gadmo'_;@z]mﬁmﬁgééoob 005’30@33009. 360030 Bo@ma?oé:g&ob IL-6, IL-10, IL-4, IL-17,
INF-a oo TGF-fI combg 3obobo8go adnbemayg&dobinemo dgoremoon. oghoyo 6953sdmacycno
0&BnGodob 339990 Thl o Thl7 33639930l bobdotg 08609dmes, Jodob Geypo Tregs bobdoyg,
JB3CTPIer0 oy o(ﬁméo@ob 353%73330. CD39 30(507(960 0065’3‘7&0@ cpoj&gomcpo oj@ogé 35‘7%)30,
oéooj@o‘yﬁ () Jmébémqpob ’_)‘5‘7@330)05 3‘7@06(75009. oooé-qaogmqnaqna 03‘75‘760 000@3300
80&090706:750: IL-6 0o TNF-a 00(55;9‘76-09@ 5035@0@00 ojéog(r/)o oﬁm(r/)o@ob ‘)‘3‘7%’30, 80806 6(080
3(50@30 IL-17/IL-21 Bo@momé:g&ob Jmé-&gébé%’oob 3063@300) gb Jga90 360)3306093050 o ool
0bhoobogdoomo  poderzobgdo: TGF-fi o IL-4 (03g390039383cm00 ogpoy®o oGotohob  F339%90
ovmébémqpoooé- 3‘9@05‘73009.

230930 05336:75& &Hmd (53330@090@3@0 oém(ﬁn@ob 30530090633& obmbmégé‘y@oo 3(6&@0/1
260 o oébooé-oo‘g&oooo 300090:06:930/1 83@0@33330)06: 603 503@36-00 06@350 T 33@3‘9(5‘9300
0‘733093‘7@030‘730[) 3&@05[13‘7 0 oboqoo m‘géo‘?nlyqoo agboo/@g&qpm&g&ob @06}&«"/301} blbols

Introduction. Rheumatoid arthritis (RA) is a systemic inflammatory disease. It is characterized by
damage of cartilages and bones which results in destruction of joint function. Multi-organic disorders of
lung, heart and kidney can be developed in time. Complex network of immune and stromal cells, cytokines
and chemokines produced by these cells participate in onset of the disease, in the systemic active phase and
during the transition to more localized inactive disease after the treatment. Recent studies have shown that
the balance between T cell subsets plays a crucial role in the development of RA [1,2]. Cytokines produced
by dendritic cells and macrophages: IL-1, IL-6, IL-12, IL-15, IL-18, TNF-a determine early onset and
development of rheumatoid arthritis. They form pro-inflammatory cytokine milieu which drives
differentiation Thl cells in the synovial tissues of RA patients but not in osteoarthritis patients [3,4,5].
Around 40% of citrulline-reactive CD4" T cells were found to be CXCR3 (surface marker for Thl cells)
positive [6] in the blood of RA patients [7]. CD4" T cells, triggered simultaneously by IL-6 and TGF-f
differentiated into Th17 cells, which have been reported to play crucial role in the pathogenesis of RA [8,9]:
its cytokine IL-17 induces osteoclastogenesis [10], stimulates synovial fibroblasts to produce IL-6 [11] and
macrophages to produce TNF-o [12]. Th17 cells produce IL-21, which plays a central role in the
amplification of inflammatory processes, the activation and proliferation of various immune cells including
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Th17 cells, T follicular helpers, B cells and macrophages facilitating pathogenic role of this cytokine in the
development of RA [7,13]. Throughout the course of the disease high quantity of IL-21 is produced by Tth
cells in secondary follicles in joints and lymph nodes, resulting in B cell activation and production of auto-
antibodies such as rheumatoid factor, anti-CCP and anti-MCP antibodies [14]. Immune complexes, which
deposit in synovium induce activation of neutrophils. Lysosomal enzymes released from neutrophils lead to
tissues damage. Pro-inflammatory cytokines activate synovial fibroblasts, cause expansion and
differentiation of osteoclasts via RANKL, that lead to bone resorption [15]. Degradation of the collagen
matrix is caused by IL-1-induced matrix metalloproteinases (MMPs), membrane-type 1 MMP (MT1-MMP)
from synovial cells, that enhance joint injury [16]. Activated autoreactive T helpers can be suppressed by T
regulatory cells (Tregs) which are key players in maintenance of immunologic homeostasis and prevention
autoimmunity [17]. Presumably microenvironment of chronic inflammation established in RA patients leads
to aberrations in Tregs.

It is shown that proportion of Tregs (CD4"'CD25 FoxP3") in CD4" T cells correlates with clinical
response in RA patients [18,19]. Kikuchi et al. reported that expression of transcriptional factor Foxp3
positively correlates with expression of CD39 molecules on CD4" cells [20,21]. The ectonucleotidase CD39
has recently been reported as being responsible for hydrolysis of proinflammatory extracellular ATP,
generated adenosine expresses immunosuppressive effects through adenosine A2A receptor (A2AR). This
leads to the inhibition of effector T cell activation [22]. Deprivation of ATP, that inhibits differentiation of
Th17 cells is additional mechanism of suppression of autoimmune processes [23,24,25,26].

Thus, imbalance between Th17 and Treg cells is an important mechanism which may lead to RA [2].
Influence of cytokines on Th17/Tregs balance is under the intense investigation.

Despite the fact that investigators are mostly focused on the pro-inflammatory cytokines which
trigger RA, anti-inflammatory cytokines responsible for the suppression and regulation of the disease are not
less important in the pathophysiology of RA [27]. Many authors report lower plasma TGF-f concentration in
RA patients. TGF-f leads to Tregs polarization in vitro by increasing FoxP3 and CD39 expression on
differentiating and differentiated Tregs and enhances their suppressive activity [28,29].

C.H. QU et al. showed that RA patients had remarkably lower serum IL-10 level [30], main source
of which is synovium macrophages. It is worth to note, that data are highly controversial about IL-10
concentration in RA patients. It is reported significant increase in the level of IL-10 in patients having DAS >
3.2 [31]. In animal models IL-10 reduces severity of arthritis [32]. Hui Shen et al. reported, that plasma level
of other anti-inflammatory cytokine IL-4 was elevated only in RA patients with interstitial lung disease
(ILD), progressive complication of RA compare to RA patients without ILD [33].

The aim was to study Th subsets and pro- and anti-inflammatory cytokines in patients with
rheumatoid arthritis.

Methods and materials. Study Design. 47 patients included in the study were recruited at Todua
Medical Center and Caraps Medline. They fulfilled the American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR) 2010 classification criteria for RA [34].

Disease activity were assessed by calculating DAS-28 score using an online application. The patients
were divided into two groups: active rheumatoid arthritis (active RA group) and low disease activity
(inactive RA group). There were 18 females and 9 males in the active group (n = 27) (mean age: 49.619.3).
The mean disease duration was 5.2+4.2 years. In the inactive group (n = 20) 14 patients were females and 6 -
males (mean age: 52.7+6.7). The mean disease duration was 6.1+5.2 years. 15 females and 5 males healthy
individuals (mean age: 50+4.5) form control group (n = 20).

The patients with active disease: DAS-28>3.2 ESR>32mm/hour, CRP>9.8mg/l. The patients with
inactive disease DAS-28<3.2 ESR<24 mm/hour, CRP<5.6 mg/l. None of the patients had been treated with
any corticosteroid during the last three months. All patients were receiving nonsteroidal anti-inflammatory
drugs at the time of sampling.

Cellular Subsets. Peripheral blood samples were collected from each patient in an EDTA
anticoagulant-treated tube on day 0 (before starting treatment). The immunophenotypic analysis was
accomplished within 24 h of the sample collections. Treg cells - CD4"CD25 FoxP3" and CD4'CD39", Thl
cells - CD4'T-bet", Th17 cells - CD4"RoR-yt” were evaluated in samples.

Flow cytometric immunophenotyping was performed on peripheral venous blood in EDTA-
anticoagulated vacutainers. The samples were maintained at room temperature and processed within 24 h of
collection. Mononuclear cells were separated on ficol-paque gradient. The cells were added anti-CD3-FITC,
anti-CD4-PE-Cy7, anti-CD39-PE, anti-CD25-PE, anti-FoxP3-APC, anti-T-bet-PE, anti-RoR-yt-PE
monoclonal antibodies (eBioscience, USA) and incubated in the dark at C40C for 30 minutes. The flow
cytometric analysis was done on a Facs calibur (BD Bioscience, USA). For the evaluation of the data, the

events were gated on the forward side scatter to exclude remaining red blood cell and cellular debris. For
each tube, at 10000 gated events were acquired. Data were processed using the Flow Jo v7 software (USA).
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Cytokine assay. Human ELISA kits were used to detect the serum levels of TNF-a, TGF-B1, IL-6,
IL-21, IL-17A, IL-10, IL-4 (ebioscience, USA) by following the manufacturer's protocol.

Statistical analysis. Continuous variables were analyzed with a Student’s #-test, differences between
groups were performed using the Mann—Whitney U test. P-values of <0.05 were regarded as significant.

Ethical Approval. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments.

Results. Immunophenotyping of T cell subsets demonstrates that the frequency of Thlcells was
significantly higher (P <0.005) in active group of patients (19.94+7.24) compare to healthy subjects
(8.63+2.02) and inactive group (10.04+0.55) (Figure 1). Remarkable difference (P<0.05) was found between
frequencies of Thl7cell subset in active RA (10.86+4.18) and healthy subjects (2.00+0.9). The frequency of
CD4"RoR-yt" cells was significantly (P<0.05) lower in inactive group (2.06+0.51) in comparison with active
group. However, there was not statistically significant difference in the frequencies of Th17 cells between
inactive and control groups (Figure 1).

The frequencies of circulating Tregs (Foxp3'CD4"CD25") were found unchanged in groups of the
patients in comparison with healthy controls (P<0.05) (Figure 1).

On the contrary, significant changes of circulating CD39" cells in CD4 compartment in any studied
groups were revealed. We observed significantly lower frequency in active RA group (1.07+0.80) compare
to inactive group of patients (6.19+3.41) and healthy controls (14.60+5.62) (P<0.05) (Figure 1).

CD4+ T cell subsets in the peripheral blood of patients with rheumatoid arthritis
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Figure 1. Thl, Th17, Treg cells and the CD4+CD39+/CD4+ cells changes in both study groups and control.
A significant decrease was observed in the CD4+CD39+/CD4+ cells in active RA group. A significant
increase was shown in Th1 and Th17 cells in active RA group.

Plasma concentrations of IL-17, IL-21, IL-6 and TNF-a in patients with RA are increased compare
to healthy controls. Active RA [IL-17: 25.13+10.80 pg/ml; IL-21: 2.55+1.59 ng/ml; IL-6: 30.10+13.35
pg/ml; TNF-a: 120.87+20.02 pg/ml] and inactive RA [IL-17: 22.83+5.63 pg/ml; IL-21: 1.62+0.70 ng/ml; IL-
6: 5.2440.57 pg/ml; TNF-a: 12.56+1.06 pg/ml] in comparison with healthy subjects [IL-17: 13.95+4.28
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pg/ml; IL-21: 0.88+0.06 ng/ml; 1L-6: 3.25+1.98 pg/ml; TNF-a.: 8.11+2.45 pg/ml] (P <0.001), while there
was no obvious difference between two RA groups (P<0.05) in plasma concentrations of TGF-1 and IL-10
in active RA [TGF-f1: 32.63+4.16 ng/ml; IL-10: 3.51+0.86 pg/ml ] and inactive RA groups [TGF-B1:
32.76+3.94 ng/ml; IL-10: 4.29+1.20 pg/ml]. TGF-B1 significantly decreased when compared with healthy
control group [78.48+6.34ng/ml] (P<0.001). Other anti-inflammatory cytokine IL-4 significantly decreased
in RA patients (active RA: 3.27+2.13pg/ml; inactive RA: 19.05+4.71pg/ml) compare to healthy control
group (34.30+8.92 pg/ml) (Figure 2).

In addition, frequencies of Th17 cells were positively correlated with plasma concentrations of IL-21
(r=10.338, P<0.01), IL-17 (r = 0.398, P<0.05) and negatively correlated with plasma concentrations of TGF-
B1 (r=-0.402, P<0.05).

Serum levels of cytokines in patients with rheumatoid arthritis
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Figure 2. Serum IL-6, IL-10, IL-4, IL-17, IL-21, TNF-a and TGF-B1 concentration changes in both study
groups and control. A significant increase was noted in TNF-o and IL-6 in active RA group. A significant
decrease was noted in TGF- and IL-4 in the both RA groups.

Discussion. Disturbed peripheral balances of Thl, Th17, Treg cells and serum pro- and anti-
inflammatory cytokines were shown in the present study. Frequencies of Thl and Thl7 cells in the
peripheral blood of active RA group are significantly increased in comparison with healthy controls and
inactive RA group as it is reported by many authors [1,3]. That confirms suggestion about crucial role of
these helper cells in the development of RA. Higher frequency of Th17 cells along with activated synovial
fibroblasts and macrophages leads to the enhance production of cytokines: IL-17, TNF-o and IL-6 and
sustains an inflammation of joint tissues in RA [35,36,37].

Hierarchical importance of IL-6 and TNF-a in the pathogenesis of RA is already well established
[38]. Present study confirms significant difference between active and inactive RA groups and healthy
controls according to the peripheral levels of these cytokines. Importance of identification of other cytokines
(besides IL-6 and TNF-a) which could present additional therapeutic targets of treatment of RA is obvious.
In active RA group of patients two subgroups are identified according to two correlated cytokines I1L-17/IL-
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21: with high and low level of serum IL-17 and IL-21. It is supposed that in patients with higher serum
concentration of IL-17 and IL-21 remission is difficult to achieve. It is suggested that in this group of
refractory disease IL-17, IL-21 can play role of therapeutic targets for biologics.

T regulatory cells (Tregs) express reciprocal developmental pathway of generation from pathogenic
Th17 cells. Normal amount and function of Tregs prevent breach of self-tolerance at the periphery and avoid
development of autoimmune diseases [38]. Expression of CD39 ectonucleotidase on Tregs intensifies their
suppressive capacity on autoreactive T cells [39,40,41]. We revealed that frequency of Treg cells in the
peripheral blood of RA patients did not significantly differ from that of in healthy individuals. Whereas,
frequency of CD39"CD4" cells in active RA group were significantly decreased than in inactive RA patients
and healthy controls. We suppose, CD39 stabilizes suppressive activity of Tregs. Reduced expression of
CD39 leads to the functional disorder of Tregs. Therefore, despite normal frequency of these cells in the
peripheral blood breach of tolerance takes place. Enhance of CD39 expression on Tregs via activation of
TGFBRII, TGFBRI and other molecules can be induced by TGF-f stimulation [29]. We suppose, that
reduced serum TGF-f concentration in our RA patients explains decreased suppressive activity of Tregs in
these patients. Reduced TGF-f and dramatically increased IL-6 at the same time form cytokine milieu
beneficial for Th17 differentiation. Drastically increased frequency of Thl and Th17 cells in active RA in
combination with decreased suppressive activity of Tregs shifts balance to the side of autoreactive cells and
triggers autoimmune process. Thl7 cell cytokine - IL-17 along with IL-9 promotes the secretion of
chemokine and cytokines which in turn accelerates the infiltration of neutrophils in the tissues thereby
aggravates inflammation and tissue injury [42].

IL-10 is an anti-inflammatory and immunoregulatory cytokine which suppresses the formation of
pro-inflammatory cytokines as well as down regulates the functioning of antigen-presenting cells [43]. It also
inhibits the production of proteases and stimulates the formation of tissue inhibitor of metalloproteinases-1
(TIMP-1) by monocytes [32]. We did not find out significant changes in the serum level of IL-10 between
groups unlike studies which detected higher level of IL-10 in response to higher inflammatory state of RA
patients [31].

The role of Th2 cell cytokine - IL-4 is not clearly understood in the pathogenesis of RA. The study
results indicate that anti-inflammatory and modulatory cytokine IL-4 seems to play an important role in the
pathogenesis of disease. This cytokine is not detected in synovium and synovial fluid of patients and lack of
IL-4 is likely to contribute to the uneven Th1/Th2 balance and to the chronic nature of RA. IL-4 gene
therapy reduced IL-17 and RANKL expression in the synovium and prevents bone erosion [44]. Serum IL-4
concentration was significantly decreased in RA groups in comparison with healthy control. Therapeutic
strategies that enhance local IL-4 production may protect against cartilage and bone destruction in RA.

Substantial plasticity between T cell subsets, different cytokine milieu during discrete phases of
disease development provides various therapeutic opportunities to meet clinical needs of patients.
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NINO KIKODZE '?, MANANA IOBADZE °, NINO TSISKARISHVILI ®, IA PANTSULAIA'?,
NONA JANIKASHVILI !, TINATIN CHIKOVANI !
TH SUBSETS AND SERUM CYTOKINES IN THE PATHOGENESIS OF
RHEUMATOID ARTHRITIS
'Immunology department, Tbilisi State Medical University; V.Bakhutashvili Institute of medical
Biotechnology, Thilisi State Medical University; *Todua Medical Center

SUMMARY

Rheumatoid arthritis (RA) is a systemic inflammatory disease. It is characterized by damage of
cartilages and bones which results in destruction of joint function. Multi-organic disorders of lung, heart and
kidney can be developed in time. Complex network of immune and stromal cells, cytokines and chemokines
produced by these cells participate in onset of the disease, in the systemic active phase and during the
transition to more localized inactive disease after the treatment. To evaluate the Thl, Th17, Tregs and
CD4'CD39" cells pattern and pro- and anti-inflammatory cytokines in peripheral blood of patients with RA,
47 RA patients and 20 healthy individuals were included in the study. RA patients were divided into active
and inactive RA groups. Frequencies of circulating Thl, Th17, Tregs and CD4°CD39" cells were analyzed
by flow cytometry. Serum levels of cytokines: IL-6, IL-10, IL-4, IL-17, TNF-o and TGF-B1 were detected
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by ELISA. The results demonstrated an increase of Thl, Thl7 cell frequencies in active RA patients,
whereas Tregs remain unchanged in RA groups. CD39 marker expression shows significant decline in active
RA patients in comparison with inactive RA group and controls. Concentrations of innate cytokines IL-6,
TNF-a in the peripheral blood was significantly increased in active RA while according to IL-17/IL-21
serum concentration this group was divided into two subgroups. Anti-inflammatory cytokines TGF-f, IL-4
shows decrease in active RA group compared to healthy controls.

Study demonstrated that development of RA is associated with changes of serum pro- and anti-
inflammatory cytokines which influence balance of T helpers subsets and could provide therapeutic
opportunities.

Keywords: Rheumatoid arthritis, Th1, Thl, Treg, CD4"'CD39" cells, IL-6, IL-10, IL-4, IL-17, IL-21,

TNF-a and TGF-B1.



