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Pe3tome. ApTponiaTiu SIBJISTFOTCS OMHUMU M3 CAMbIX pacTpOCTPaHEHHbBIX 3a00JIeBaHUIT, B OCHOBE KOTOPBIX
JIEXKUT OeCTPYKIMS U peMOJSIMPOBaHUE XPsIIlieBO U KOCTHOM TKaHU. [IpeniecTByloiiee 1eCTPYKIIMNA BOC-
HaJieHrue MOXET OBITh BRI3BAHO MEXaHMUECKOM HAaTpy3KOM HA CYCTaBhbl, ayTOMMMYHHBIMU peakuusIMu. B mo-
cienHee Bpems [L-7 paccMaTpuBalOT KakK OAWH M3 KITIOYEBBIX IIMTOKMHOB, CIIOCOOCTBYIOIIMX MPOAYKIINKN
MaTPUKCHBIX METAJUIONPOTEMHA3, KaTaboMnIeCKnXx (hepMEHTOB, T-KJIETOYHOOIIOCPEIOBAHHONW aKTHUBAlIUMN
MOHOILIMTOB, CO3peBaHNI0 ocTeokJiacToB. PacTBopumast (popma peuentopa Kk IL-7 MoxeT cnmocodcTBOBaTh
YBEJIUYEHUIO TIPOAOKUTEAbHOCTU XXU3HU [L-7 1 TeM cambIM obecrieduBaTh OMOIOCTYIMTHOCTb LIMTOKUHA U
onocpenoBaTh 3¢ dekT I1L-7 Ha kireTkn. Llenbio TaHHOTO MCCIeAOBaHMUS CTAJIO OIIpeeIeHIE pacCTBOPUMOIL
dopmbl peuentopa K IL-7 (sIL-7R) B mia3Me KpoBU MallMEHTOB ¢ peBMaTouaHbIM apTputoM (RA), octe-
oaptputoM (OA), nmcopuarnueckum aptputoM (PsA) u BynabrapHbsiM 1icopuaszoM (PS), a Takke 3710pOBBIX
nHauBUIyymMoB. [TammmeHTH ¢ RA, Bomeamie B MccieOBaHNE, UMEJIN YMEPEHHYIO M BRICOKYIO aKTUBHOCTD
3aboJieBaHus coryiacHO uHaekcy DAS28. TTanueHTsl ¢ PSA nperMyiecTBeHHO UMM YMEPEHHYIO U HU3KYIO
aKTUBHOCTH 3a0oseBanHms (DAS28) u xapakTepu30BaInuCh JITKON U CpeTHell CTEIICHBIO TSKeCTU 3a001eBa-
Hus (PASI). B coorBercTBru ¢ nHaekcoM PASI B rccieqoBaHue ObUIM BKIIOYEHbI MallMeHThl ¢ PS ¢ ierkum
M TSIKEBIM TeueHueM 3a0oJieBaHus. Y Bcex mauneHToB ¢ OA ObLT MeTa0OINYECKUN (DEHOTUTT, KOTOPHII CO-
TMPOBOXKIACTCS MOBBIIEHHBIM MHIEKCOM MacChI TeJIa.

sIL-7R onpenensiin B riadmMe KpOBU METOJIOM UMMYHO(MEPMEHTHOIO aHa/in3a. bbl1o 0OHapykKeHO, UYTO y
MalMeHTOB C apTpONaTueii MOBLIIIEH YPOBEeHb pacTBOPpUMO (popMbl IL-7 OTHOCUTETHLHO 3M0POBBIX MHIM-
BUIYYMOB, UCKJIIOYEHHE COCTaBWaa rpymmna nauueHToB ¢ PsA. Takxxe Bbicokasg KoHueHTpauus sIL-7R Ha-
omoganack y nauueHToB ¢ PS. IlpoBeas aHanu3 ¢ ydeTOM KIIMHUYECKHMX XapaKTePUCTUK TMALlMEHTOB, MbI
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YCTaHOBWIM, 4TO ypoBeHb SIL-7R moBblancg y nmaiuueHToB ¢ RA u PsA ¢ BbICOKOIi aKTUBHOCTBIO 3a00-
neBaHus Mo DAS28. Kpome Toro, ObLIN BBISIBJI€HBI MOJOXUTEIbHbIE KOPPEJISILIMOHHbBIE CBSI3M MEXIY KOH-
neHTpanueii sIL-7R 1 DAS28 ipu RA 1 PsA. Y nanmeHTOB ¢ PSA co cpeaHe-TsKeoil CTEIeHbIO TSKeCTHU
(PASI) xonuenTpanus sIL-7R takke ObuIa TTOBBIIIIEHA OTHOCUTEILHO JTOHOPCKMX 3HaYeHuii. HampoTus,
y nauueHToB ¢ PS Boicokmii ypoBeHb sIL-7R dbukcupoBaics BHe 3aBUCUMOCTU OT CTEMEHM TSKECTU 3a00-
JeBaHus. Y manueHToB ¢ OA He ObLIO BBISIBJICHO B3aMOCBSI3eil MexXmy ypoBHeM sIL-7R u kimHuYeckuMu
nmapaMeTpaMu.

Takum ob6pa3oM, MOBBILLIEHHBIN ypoBeHb sIL-7R y maniueHToB ¢ apTporaTrueil MOXXeT TOBOPUTH O BOBJIE-
yeHHocTU IL-7 1 ero perenTopHoOii CUCTeMbI B MaTOTeHe3 CycTaBHBIX 3a0oieBaHuii. Peuentop IL-7 Moxer
CTaTh MEPCIEKTUBHON MUIIICHBIO KaK B Tepannu 3a00JeBaHUI CyCTaBOB, TaK U IPYTUX ayTOUMMYHHBIX 3a-
0oJneBaHUIi, BKJIIOYAS [ICOPUA3.

Karoueswie crosa: pacmeopumbiit peyenmop [L-7, ummyHnopepmenmublil ananus, nCOpUamMu4ecKuil apmpum, ncopuas,
DeemMamouoHblil apmpum, 0Cmeoapmpum

COMPARATIVE ANALYSIS OF THE EXPRESSION OF THE
SOLUBLE IL-7 RECEPTOR IN PATIENTS WITH ARTHROPATHY

Kolerova A.V.*?, Angelskaya 0.A.%, Chumasova 0.A2 Sizikov A.E2,
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Abstract. Arthropathy is one of the most prevalent diseases, which are based on the destruction and remode-
ling of cartilage and bone tissue. The inflammation that precedes destruction can be caused by mechanical
stress on the joints, or by autoimmune reactions. Recently, IL-7 is considered as one of the key cytokines
that promote the production of matrix metalloproteinases, catabolic enzymes, T cell-mediated activation of
monocytes, and maturation of osteoclasts. The soluble form of the IL-7 receptor can help prolong the lifespan
of IL-7 and thereby it ensures the bioavailability of the cytokine and mediates effect of IL-7 on cells. The aim
of this study was to determine the soluble form of the IL-7 receptor (sIL-7R) in the blood plasma of patients
with rheumatoid arthritis (RA), osteoarthritis (OA), psoriatic arthritis (PsA) and psoriasis vulgaris (PS), as well
as healthy individuals. The RA patients included in the study had moderate to high disease activity according
to the DAS28 index. Patients with PsA predominantly had moderate and low disease activity (DAS28) and were
characterized by mild to moderate disease severity (PASI). In accordance with the PASI index, patients with
PS with mild and severe severity of the disease were included in the study. All patients with OA had a metabolic
phenotype that is accompanied by an elevated body mass index.

sIL-7R was determined in blood plasma by enzyme-linked immunosorbent assay. It was found that in
patients with arthropathy, the level of soluble form of IL-7 was increased relative to healthy individuals, with
the exception of the group of patients with PsA. Also, a high concentration of sIL-7R was observed in patients
with PS. Analyzing the clinical characteristics of the patients, we found that sIL-7R levels were elevated in RA
and PsA patients with high disease activity by DAS28. In addition, positive correlations were found between
the concentration of sIL-7R and DAS28 in RA and PsA. In patients with PsA with moderate severity of the
disease (PASI), the concentration of sIL-7R was also increased relative to donor’s values. On the contrary, in
patients with PS, a high level of sIL-7R was noted regardless of the severity of the disease. In patients with OA,
no relationship was found between sIL-7R levels and clinical parameters.

Thus, an elevated level of sSIL-7R in patients with arthropathy may indicate the involvement of IL-7 and its
receptor system in the pathogenesis of joint diseases. The IL-7 receptor may become a promising target both in
the treatment of joint diseases and other autoimmune diseases, including psoriasis.

Keywords: soluble IL-7 receptor, enzyme-linked immunosorbent assay, psoriatic arthritis, psoriasis, rheumatoid arthritis,
osteoarthritis
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Introduction

Arthropathy is one of the most prevalent diseases,
and it often irrevocably changes the quality of patient
life [7]. It is believed that osteoarthritis (OA) is based
on inflammation caused by inappropriate mechanical
stress on the joints, rheumatoid arthritis (RA) is based
on autoimmune inflammation, while in psoriatic
arthritis (PsA) there is no relatively well-formed
pathogenetic concept. In addition, the common
feature of the three diseases is the destruction and
remodeling of bone tissue and cartilage.

IL-7 is an important cytokine for the generation,
development, maintenance and function of human
T Iymphocytes [11]. In addition to its role as a T cell
homeostatic factor, it also promotes the production
of IFN and IL-17, which adversely affects the course
of Thl- and Th17-mediated diseases, including joint
diseases.

Itisknown that IL-7 is produced not only by immu-
ne cells, but also by keratinocytes and chondrocytes. At
the same time, cytokine production by chondrocytes
is enhanced in response to stimulation by fibronectin
filaments, IL-1 and IL-6. Through its receptor
(IL-7R), IL-7 induces the production of matrix
metalloproteinase-13 associated with the release of
proteoglycans from cartilage. It can be assumed that
IL-7 is indirectly involved in the destruction of joint
tissue through autoimmune mechanisms [7]. 1L-7
induces T cell-mediated activation of monocytes, and
also increases the production of TNFa, which is an
inhibitor of cartilage matrix synthesis and an inducer
of cartilage degradation through an increase in the
activity of fibroblasts that produce catabolic factors.
IL-7 promotes the maturation of osteoclasts from
monocytes through the induction of TNFa and an
increase in RANKL expression [12], which may have
an aggravating effect on the condition of the joints
in OA, RA, and PsA. IL-7 expression is increased
in OA [6]. In this disease, IL-7 has been found to
mediate destruction of joint tissue through osteoclast
activation as well as through its action on IL-7R*
chondrocytes. Blockade of IL-7R led to a decrease in
the intensity of cartilage tissue destruction in vitro and
in vivo [8].

Soluble forms of receptors can be formed from the
extracellular portion of a membrane-bound protein or
asaresult ofalternative splicing. They are able to trigger
the development of various immunological reactions
through binding to the appropriate ligands, however,
the effect may differ from the result of activation
of the signaling pathway of a similar membrane-
bound receptor [1]. The reason for this difference is
the activation of different signaling pathways upon

binding of cytokines to soluble and membrane forms
of receptors [13].

The soluble form of the IL-7 receptor (sIL-7R)
increases the bioavailability of IL-7 and enhances pro-
liferative activity caused by activation of the membrane
receptorsignaling pathway [4]. An association of serum
sIL-7R levels with the development of autoimmune
diseases, such as systemic lupus erythematosus,
rheumatoid arthritis, and Schegen’s syndrome, has
been established [2, 5]. At the same time, in RA,
a high level of sIL-7R is associated with a lack of
response to non-steroidal anti-inflammatory drug
therapy and systemic glucocorticosteroids, and with
a poor prognosis for the patient. In addition, in RA,
fibroblasts produced sIL-7R in response to TNFa,
IL-1B, and IL-17. All of this indicates the need to
study the role of sIL-7R in the development of joint
diseases [9]. The aim of this study was to determine
the soluble form of the IL-7 receptor (IL-7R) in the
blood plasma of patients with rheumatoid arthritis
(RA), osteoarthritis (OA), psoriatic arthritis (PsA) and
psoriasis vulgaris (PS), as well as healthy individuals.

Materials and methods

Object of investigation

The study included patients with rheumatoid
arthritis (RA, n = 14), osteoarthritis (OA, n = 16),
psoriatic arthritis (PsA, n = 26), psoriasis vulgaris
(PS, n = 12) and healthy individuals (n = 16). The
recruitment of patients with rheumatoid arthritis and
osteoarthritis was carried out on the Department
of Rheumatology, Clinic of Immunopathology
of RIFCI (Novosibirsk) with the participation
of rheumatologists. The recruitment of patients
with psoriatic arthritis was carried out on the State
Budgetary Health Institution of the Novosibirsk
Region “City Hospital No. 3” (Novosibirsk) with the
participation of rheumatologists and dermatologists.
The recruitment of patients with psoriasis was carried
out on the Clinic “Allergo-city” (Novosibirsk) with
the participation of dermatologist. Written informed
consent was obtained from all participants included
in the study prior to collection of peripheral blood
samples. Peripheral blood samples were collected in
the 6 mL vacuum tubes, containing K,EDTA.

Characteristics of persons included in the study, are
presented in Table 1. Thirteen patients with OA had an
obesity: body mass index was more than 30; 3 patients
had body mass index more than 25 and less than 30.
Patents with RA characterized by moderate and high
activity of the disease, Rg-stage II-1V. Patients with
PsA had predominantly moderate and low activity
of the disease (DAS28), mild and moderate severity
(PASI). The group of psoriasis was presented by
patients with mild and severe severity of the disease,
according to PASI.
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TABLE 1. CHARACTERISTICS OF PERSONS INCLUDED IN THE STUDY

Healthy control Psoriasis Psoriatic Rhaerltj:: iat'itg'd Osteoarthritis
(n=16) (n=12) arthritis (n = 26) (n = 14) (n=16)

Age, years 41.30+£3.26 38.00+3.62 55.10+2.66 45.904£3.95 65.34+2.1
Gender: m/f (%) 6/10 (37.5/62.5) 6/6 (50/50) 11/15 (42.3/57.7) 0/14 (0/100) 0/16 (0/100)
PASI 23.3015.78 8.70+0.89
Severity:
- mild _ — 5 patients — 19 patients _ _
— moderate — 0 patients — 7 patients

o severe
— severe — 7 patients — 0 patients
DAS28 3.75+0.21 5.00£0.35
Activity of
the disease: _ _ _
- low — 7 patients — 0 patients
— moderate — 14 patients — 7 patients
- high — 3 patients — 7 patients
VAS (mm) _ B B _ 65.40+4.87
BMI (kg/m?) 32.70+0.97
Rg-stage:
-1 — 6 patients — 6 patients
-1l — 6 patients — 10 patients
-V — 2 patients — 0 patients

Note. VAS, Visual Analogue Scale of pain; BMI, body mass index. The data are presented as Mean*Standard error.

Evaluation of soluble IL-7 receptor

Vacuum tubes with blood were performed
centrifugation on 3000 rpm during 20 minutes to
obtain plasma. Samples of plasma were collected
and frozen. Prior to enzyme-linked immunosorbent
assay, samples were rethawed and diluted in 5 times by
0,01M PBS (pH 7.0).

We used the ELISA kit for IL-7 receptor (Cloud-
Clone Corp., USA), that is a sandwich enzyme
immunoassay, to quantitatively measure human IL-7
receptor in the plasma samples, acting accordingly
to the instruction. Measurement of absorbance of
the enzyme-substrate reaction was performed at a
wavelength of 450 nm with reference at a wavelength
of 620 nm by a spectrophotometer Infinite F50
(Tecan, Austria). The concentration of IL-7 receptor
in the samples was determined by counting the optical
density of the samples to the standard curve (0.156-
10 ng/mL) and multiplying the dilution factor.

Statistical analysis

Statistical data processing was carried out using
the software “Statistica 6.0” (StatSoft, USA) and
“GraphPadPrism 9.0” (GraphPad, USA), using
nonparametric statistics methods (Mann—Whitney
U test). For correlation analysis, the Spearman
correlation coefficient was used. Differences were
considered statistically significant at p < 0.05.

Results and discussion

We found that the concentration of the soluble IL-7
receptor was increased in patients with arthropathy
compared to healthy individuals, excluding patients
with PsA (Table 2, pl). Nevertheless, content of
the soluble 1L-7 receptor in plasma of patients with
PS was significantly higher than that in healthy
individuals and patients with PsA. Patients with RA
had a large concentration of the soluble IL-7 receptor;
it significantly differed from values of patients with
PsA. We suggested that observed differences may be
linked to the severity and the activity of the diseases.

In the next step, we analyzed the soluble IL-7
receptor concentration in patients with PS, PsA and
RA depending on the PASI and DAS28. It turned out
that IL-7 receptor level was elevated in patients with
PsA, having moderate to severe severity (Figure 1A)
and high activity of the disease (Figure 1C) relatively
donor’s values.

Similar results were found for patients with RA:
significant increasing of the soluble IL-7 receptor
concentration was observed in patients with high
activity of the disease (Figure 1D). On the contrary,
the concentration of the soluble IL-7 receptor was
increased in patients with PS regardless of the severity
of the disease (Figure 1B). Moreover, IL-7 receptor
level was strongly correlated with DAS28 values in
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Figure 1. Concentration of the soluble IL-7 receptor depending on the severity and activity of the disease

Note. (A) Concentration of the soluble IL-7 receptor depending on PASI in psoriatic arthritis. (B) Concentration of the soluble IL-7 receptor
depending on PASI in psoriasis. (C) Concentration of the soluble IL-7 receptor depending on DAS28 in psoriatic arthritis. (D) Concentration of the
soluble IL-7 receptor depending on DAS28 in rheumatoid arthritis. *, significant differences, p < 0.05 (Mann-Whitney U test).

group of patients with RA (R = 0.84, p < 0.05). In
patients with PsA, it was observed direct relationship
between content of IL-7 receptor in plasma and
PASI (R = 0.48, p < 0.05). No relationship has been
found between clinical parameters (BMI, VAS pain)
and concentration of IL-7 receptor in the plasma of
patients with osteoarthritis.

It is known that sIL-7R enhances the activity of
IL-7 and increases IL-7-induced proliferation of
T lymphocytes and their survival [4, 7]. Our data also
indirectly indicate this: in patients with severe and
moderate PsA and RA, a significantly higher content
of sIL-7R was observed compared with a mild form
of the disease, and a correlation was found with the

TABLE 2. CONCENTRATION OF THE SOLUBLE IL-7 RECEPTOR IN THE PLASMA OF HEALTHY INDIVIDUALS AND PATIENTS

WITH ARTHROPATHY, Me (Q; ,5Q;75)

Groups sIL-7R, ng/mL P4 o P
0.76

Healthy control (0.61-0.96) - 0.13 0.0006

Psoriasis 1.89 0.0001 0.022 0.52
(1.45-2.41) : : :

Psoriatic arthritis 1.16 0.13 — 0.015
(0.58-1.94) : :

Rheumatoid arthritis 268 0.0006 0.015 -
(1.11-12.64) : :

Osteoarthritis 1.33 0.001 0.103 0.236
(1.09-2.61) : : :

Note. sIL-7R, soluble IL-7 receptor; p,, p values of the difference from group of healthy control; p,, p values of the difference from
group of patients with psoriatic arthritis; ps;, p values of the difference from group of patients with rheumatoid arthritis.
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level of sIL-7R and PASI in PsA and with DAS28 in
rheumatoid arthritis. Similar data on the relationship
between the severity of the course of the disease and
the level of sIL-7R in the blood serum were found in
systemic lupus erythematosus [3]. Moreover, in this
disease, an inverse relationship was also found between
the content of the soluble form of the receptor and the
level of the complement component Clq.

These data allowed us to consider the content of
sIL-7R as a prognostic factor in the course of the
disease, which can be done based on our data on
PsA and RA. However, for this, in our opinion, it is
additionally necessary to evaluate the relationship
between the sIL-7R content and laboratory para-
meters, such as C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and also to evaluate the
response to conventional therapy in patients with high
and low levels of the receptor in peripheral blood.

Patients with classic psoriasis vulgaris without
joint involvement were characterized by significantly
higher levels of sIL-7R compared to controls, while no
association with disease severity was found. At the same
time, the concentration of sSIL-7R in psoriasis vulgaris
is higher than in patients with the arthropathic form
of the disease. It can be assumed that keratinocytes,
even in limited forms of the disease, are characterized
by a more pronounced ability to produce sIL-7R
compared to chondrocytes in the arthropathic form
of the disease.

In RA, the highest concentration of sIL-7R
in the peripheral blood was observed compared
with PsA and OA. It is known that sIL-7R a-chain
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