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Abstract

Aim - to develop an in vitro method for assessing the activity of the
inflammasome under conditions of hyperuricemic stimulation of inflammatory
interleukins.

Material and methods. Whole blood cells of donors and patients with
hyperuricemia and exacerbation of gouty arthritis diluted with RPMI were
cultured in vitro in the presence of different concentrations of uric acid.
The production of cytokines in the cell growth media of hematopoietic
cells stimulated with uric acid was evaluated using an enzyme-linked
immunosorbent assay (ELISA).

Results. By simulating the hyperuricemia in vivo, an in vitro cell-based
bioassay was developed to stimulate blood cells of individual donors with

uric acid. Using the developed in vitro Hyperuricemia-hemotest bioassay,
quantitative differences were found in the production of inflammatory
cytokines by the blood cells of potentially healthy donors and patients with
hyperuricemia and gouty arthritis.

Conclusion. As a new approach in personalized diagnostics, a hyperuricemic
(HU)-hemotest system was developed, which can serve as an in vitro cell
model for studying the activation of inflammasome by inflammatory signaling
molecules in gouty arthritis.
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In vitro kneTo4Hasa rMnepypukeMu4yecKkas
remMoTtecT-cuctema Aans onpegeneHns LUTOKUHOBOIo
cTaTyca nauMeHTOB C NogarpM4yeckum apTpUToM

J1.T. BonoBa, E.WU. MNyraues, T.B. CtapukoBa, N.A. Jle6epnes, U.A. LLadueBa,
C.N. KysHeuos, O.A. lN'ycakoBa, IH. CBetnoBa, H.K. OcuHa

@®re0Y BO «Camapckuin rocyaapCTBEHHbIA MEAULVHCKUIA YHUBEPCUTET»
MwuHsgpasa Poccun (Camapa, Poccust)

AHHOTauus

Iens — pa3paborars in vitro MeToy OLeHKH aKTUBHOCTHY MH(IIAMMAaCOMBI B yC-
JIOBUSIX TUIIEPYPUKEMUYEeCKON CTUMYJISILIUY BOCIIAJIUTENIbHBIX MHTEepIIeKUHOB.
Marepuain u MeToabl. KiieTKH 11eJIbHOM KPOBU JJOHOPOB U IALIMEHTOB C T'U-
nepyprKeMyel 1 060CTpeHHeM IIofIarpHIeckoro apTpuTa KyJIbTHBUPOBAIUChH
in vitro B KynbsTypainbHOU cpeie RPMI B nipucyTCTBUM pa3HbIX KOHIIEHTpa-
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UM MOYeBOH KUCTOTHL. [IpofyKIus TUTOKUHOB, BEIPAOATLIBAEMBIX B KYIIb-
TYpaJIbHYIO Cpefly KIIeTKaMU KPOBH, CTUMYJIMPOBAHHLIX MOIEBOM KUCIIOTOH,
MIPOBOJIMJIACH C IIOMOIIBIO CPABHUTEILHOIO MIMMYHOGEpPMEeHTHOTO aHaJIH3a.
Pesysbrarsl. UMUTHDYs yCII0BHS THIIEPYPHKEMHUH in vivo, ObUIa pa3paboTaHa
in vitro KJIeTOYHas TeCT-CUCTeMa CTUMYJLIIUHY KJIeTOK KPOBU MHIVBHAYAJIb-
HBIX JIOHOPOB MOY€eBO# KUCIOTOH. C IIOMOIIBI0 pa3paboTaHHON THIIepypHKe-
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MHYECKOW FeMOTeCT-CUCTEeMBI in Vitro 0OHApyKeHbI KOITMIeCTBeHHbIE Pa3ii-
Yuisi B IPOMIYKIMK BOCIIATUTENLHBIX [ATOKUHOB, BHIPA0ATHIBAEMbIX KJIETKAMHU
KPOBU HOTEHIIAAIBHO 3[I0POBBIX IOHOPOB U TIAIIMEHTOB C TUIIePYPUKEMHe# 1
MOIArPUYECKUM apTPUTOM.

BriBopbl. B paMkax co3faHus 1epCOHUGUIMPOBAHHON AMArHOCTHKU
pa3paboTaHa runepypukeMuieckas reMoTecT-CUCTeMa, KOTopasi Mo-

Hayka n nHHoBauuu B meguuuHe T.9(1)/2024

5KeT CJIYXKHMTh KJIETOUHOW MOJEJIbIO (N Vitro s U3y4eHusl akTUBAllUU
CUTHAJIbHBIX MOJIEKYJl HH(IaMMacOMHOIO BOCIAIeHHs [IPU IToJarpuye-
CKOM apTpuTe.

KurroueBble ci1oBa: KjieTo4Hasi GUOJIOTHS, IUTOKUHBI, TUIIEPyPUKEMHUS, 110~
JIarpudecKuil apTpUT, IepCOHUGHUIMPOBAHHAS MEUIMHA.
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INTRODUCTION

Gouty Arthritis is a systemic disease characterized with
deposition of monosodium urate (MSU) crystals and
formation of tophi [1]. Acute gouty arthritis usually starts
with sudden acute pain. Very characteristic is the damage of
the metatarsophalangeal joint of the hallux (hence the name
‘podagra’). Tophi inside and outside joints may restrict the range
of motions and cause deformations resulting in the development
of gouty arthritis. This pathology often develops in persons
with hyperuricemia (HU), or elevated level of uric acid (UA)
in the blood serum. While HU with no gouty arthritis present
is described as ‘asymptomatic’, the latest research indicate a
string connection between the HU and risk of development
of arterial hypertension, kidney failure [2] and cardiovascular
diseases [3-5]. UA is the final product of purine metabolism
in the human body that is synthesized predominantly in the
liver, the intestinal tract, and in the vascular endothelium [6].
The level of UA in the serum above 420 umol is officially
considered hyperuricemia. At the same time, women, prior to
the menopause, demonstrate UA levels of <360 umol, and after
the menopause they elevate to concentrations seen in men. For
children and adolescents, the normal UA level is considered
at <330 umol [7]. In water solutions, with concentrations
of 420 umol the UA salts transform from soluble form into
crystalline form, but the threshold of urate solubility in the
plasma is much higher, and their concentrations may reach
>600 umol without formation of crystals. An acute attack of
gouty arthritis is always associated with salting out of UA salt
crystals in the joint cavity. Epidemiological data points at a
close correlation between the hyperuricemia and the risk of
development of gouty arthritis [8]. The accumulated clinical
evidence, however, show this correlation not to be linear [9,
10]. Moreover, deposit of UA crystals is found in the articular
cartilage in patients having no episodes of gouty arthritis [11].
This may be explained by the individual sensitivity of the
inflammasome responsible for the synthesis of inflammatory
interleukins and activated under HU. The low sensitivity of
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the inflammasome may well account for a symptom-free
accumulation of UA salts in the articular tissue. On the other
hand, the attacks of gouty arthritis are always attributed to the
synthesis of inflammatory cytokines. High levels of 13 (IL-
1B), IL-6 and TNF-a cytokines are found in the synovial fluid
of patients with gouty arthritis in the periods of aggravation
[12]. The elevated levels of IL-6 and TNF-a cytokines were
also found in the plasma of patients with gouty arthritis in the
period of aggravation but not in patients with gouty arthritis
during the gout interval [13]. Studies comparing the levels of
cytokines IL-1f, IL-6, IL-8, IL-17A, IL-18, IL-22 and IL-23
in the blood serum and the clinical manifestations of the gouty
arthritis demonstrated direct correlation only with respect to
IL-18, whereas only a minor elevation of the IL-6 was found in
the serum of patients with the tophaceous gout [14]. Elevated
values of IL-18 and IL-17A were found in the serum of patients
with gouty arthritis [15]. It is interesting to note that in patients
with gout no high levels of IL-1[3 are found [13, 14]. Still,
there is enough clinical evidence to the key role played by
the IL-1f in the progress of the gout. Clinical studies of the
IL-1f inhibitors showed efficiency in the suppression of the
inflammatory process during the gout [16].

Currently, the gouty arthritis is regarded as a systemic
inflammatory disease caused by the priming of the NLRP3
inflammasome (NOD-like receptor protein 3) [17, 18].
Inflammasomes are multi-molecular complexes created in
the cellular cytoplasm as a response to cellular damage and
infections [19]. The generally accepted two-signal system
of activation of the NLRP3 innflammasome is shown in
Fig. 1. Only the combination of two signals mediates and
induces a series of cascade reactions of gouty inflammation
with hematopoietic cells, i.e. macrophages, monocytes and
neutrophils [14, 17, 20, 21]. The nature of those signals is
not fully established yet. Signal 1 is considered to sensitizes
the cells via PRR, pattern-recognition receptors (priming),
and only after the priming of the cells, Signal 2 (specifically,
UA) causes activation of the inflammasome NLRP3. It was

www.innoscience.ru
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originally considered that UA
causes inflammation via
activation of NLPR3
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inflammasome only due to wre peu

the formation of the crystals
[22]. It was demonstrated later
that the soluble form of UA
penetrates the cells through
special transporters and is
able to activate the NLRP3
inflammasome, thus causing
the release of inflammation
mediators [18]. Signal 1
transcripts the components
of the inflammasome, pro-
Caspase-1 and pro-IL-1f
through the activation of the
NF-kB transcription factor.
It is to be mentioned that
unlike the IL-1f, the IL-18

transcription is constructive
therefore, the IL-18 mRNA is
always available to synthesize the IL-18 protein forms [23,
24]. Only with the presence of the two signals, there occurs
the formation of the Gasdermin-D — regulated membrane
pores, and the release of mature IL-1f3 and IL-18 interleukins
to the environment, which is vital for the initiation of the acute
inflammatory reaction in the gouty distress.

The NLRP3 inflammasome may be activated by viruses,
bacteria, fungi, toxins, ATP, particles of crystals of alumen,
silicic acid, asbestos, cholesterol, UA in soluble and crystalline
form, chemical irritants, UVB light, amyloid-f§ and amylin of
the pancreatic islets [25-27]. Considering the varied nature
of the NLRP3 activators, a suggestion was made to the effect
that not all activators link directly to the inflammasome [28].
Most of them likely act by selecting or modifying the original
mediator that is the true ligand of NLRP3, whose nature is still
unknown. In the current model of the NLRP3 inflammasome
activation, the UA is seen to act as Signal 2, whereas the nature
of the Signal 1, priming the cells, is not yet clear.

We suggested that the blood cells from patients with
hyperuricemia are already primed in vivo with Signal 1
and may be used as individual cellular test systems in
vitro with the addition of a controlled concentration of the
Signal 2 (UA) in order to see the individual manifestation
of production of inflammatory cytokines. Traditionally,
the analysis of cytokine stimulation in vitro is performed
on isolated peripheral blood mononuclear cells (PBMC).
In the previous paper, we demonstrated a donor-specific
production of cytokines by blood mononuclear cells in
vitro under the influence of immunomodulatrs [29].
However, segregation of PBMC is a labor-intensive
process that poses limitations on processing of a large
number of specimens required for a scaled diagnostics. In
the process of PBMC segregation, both signal molecules
of inflammation and the cellular populations are lost.
In the gout, that is characterized with systemic signs
of inflammation, the cellular sources of inflammation
mediators are not properly characterized. In the recent
years, the diagnostics seems to show a trend to use whole
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Figure 1. Two-signal pathway activation of the NLRP3
inflammasome. Activated NLRP3 inflammasomes promote the
release of Caspase-1, which converts the inactive forms of pro-
IL-1B and pro-IL-18 to mature active IL-1B and IL-18, respectively.
Gasdermin-D-mediated inflammatory signaling cascade provides the
formation of membrane pores through which mature IL-1B and IL-18
are released into the environment.

PucyHok 1. [lsyxcueHansHas akmusayusi NLRP3 uHgnammacoMmei.
AkmuBupoBaHHble uHgnammacoMbl NLRP3 cnocobcmaytom
BbIcBObOXOeHuto Caspase-1, komopbie nepeBodsim HeakmuBHble
¢opmsbi npo-IL-1B u npo-IL-18 B 3penbie akmuBHble IL-1

u IL-18 coomBemcmaeHHo. Gasdermin-D-onocpedoBaHHbil

Kackad BochanumerbHbIX peakyul obecnequBaem obpa3oBaHue
MeMbBpaHHbIX Nop, Yepe3 Komopbie udem Bbibpoc 3penbix IL-13

u IL-18 B okpyarowyto cpeoy.

blood for the ex vivo stimulation of cytokine production,
which imitates in a closer way the physiological in vivo
conditions vs. methods that require PBMC isolation [30].
Physiological concentrations of some cytokines in the
whole blood may be sufficiently high, therefore, in order
to minimize their effect on the cell stimulation in vitro,
we deemed it reasonable to use blood of donors diluted
with RPMI growth medium designed to cultivate cells in
vitro. The use of diluted donor blood allows maximum
preservation of the population set of hematopoietic
cells that are already primed with Signal 1 in vivo and
to decrease, at the same time, the level of concentration
of Signal 2 molecules.

In this paper, we performed a screening of pro-
inflammatory cytokines in the donor serum and checked
the conditions of induction of these cytokines in vitro
at high concentrations of UA using the cells of diluted
blood of individual donors.

m AIM

Perform a screening of pro-inflammatory cytokines in
the individual donor serum, check in vitro conditions of
stimulating the NLRP3 inflammasome activity using UA
and ascertain the production of which pro-inflammatory
cytokines may be induced in vitro by high concentrations
of uric acid.
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m MATERIAL AND METHODS

Blood cells of potentially healthy persons from the

Samara Region Clinical Blood Transfusion Center
(SRCBTC) and those of patients with hyperuricemia
and gouty arthritis from the Clinical Hospital of the
Samara State Medical University (SSMU Clinics).
The research involved formalization of permits of the
SSMU Committee for Bioethics (Protocol No. 215 dated
20.01.2021). In 100% cases of SRCBTC patients, the
patients were male. Patients from the SSMU Clinics
were male and female. The characteristics of patients
with gouty arthritis follow in Table 1.
Selection of research participants from the donor register of
the SRCBTC was randomized. Each participant signed an
informed consent form for the processing of personal data,
and for the handover of biological material (venous blood)
within the scope of research. The venous blood was sampled
to EDTA vacutainer tubes (Kometaline, Russia). The sampling
was performed following an overnight fast. The vacutainers
with blood were stored at room temperature not more than 4
hours following sampling. To determine the cytokine status of
donors, production of IL-1f3, IL-6, IL-18 and TNF-a cytokines
in the donors’ serum was studied.

Preparation of soluble ureic acid (99+%, Thermo
Fisher Scientific, USA) was performed as described in
[18]. The initial UA solution (stock) was prepared as
follows: 60 mg of UA was dissolved in 70 ml distilled
water heated to 30°C. Then, using 0.5 M NaOH, the
solution pH was brought to 7.3. The final concentration
of UA in 100 ml of solution was 3.5 mM. The solution
was filtered through a 0.22 micron filter, and the
subsamples were stored in sterile tubes. On the day of
the experiment, the stock solution of UA was heated to
37°C and diluted with heated nutritional medium RPMI
(“BioloT”, Russia) containing 50 U/ml of penicillin and
50 mcg/ml of streptomycin (“BioloT”, Russia). In the
polarized light of the microscope, the crystals were not
found neither in the original 3.5 mM solution, not in
the nutritional medium containing 1 mM UA (data not
provided).

Research design. The whole donor blood was
diluted with the nutritional medium RPMI, conep:xa-
me#t containing 50 U/ml of penicillin and 50 mcg/ml of
streptomycin (“BioloT”, Russia). 200 mcl subsamples
of decimally diluted blood with added UA in the
concentration of 0.5 and 1 mM were poured into the
wells of a 96-well plate (TPP, Switzerland) in multiple
replicas. The plates were incubated at 37°C and 5% CO2
for 16+4 hours. In the assessment of the cytokine status
of patients with acute gouty arthritis, quintuple diluted
blood with added UA in the concentration of 1 mM were
used; the samples were poured 200 mcl per well of a
96-well plate (Biofil, China). The plates were incubated
at 37°C and 5% CO2 for 22+4 hours. After the time
specified, 100 mcl of conditioned medium were sampled
into 1.5 ml microtubes that were frozen at -20°C for the
enzyme-linked immunelectrodiffusion assay (ELISA).
Enzyme-linked immunoelectrodiffusion assay (ELISA).
The samples of serum and conditioned medium of cells were
analyzed as per instructions of the manufacturer of the ELISA

4
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) PUA | PUA PUA
Sex F 7 F M L

Age 68 66 63 47 43
Diagnosis Gouty arthritis, exacerbation

Serum UA, umol/l 372,12 375,8 450 519 620
Number of 0 0 3 2 2

deformed joints

Table 1. Profile of patients with gouty arthritis from
the Clinics of the Samara State Medical University

Ta6bnuya 1. Xapakmepucmuka nayueHmoB C nodazpu4yeckum
apmpumom u3 KnuHuk CamlrMy

test “Vector-Best” (“Vector” LLC, Russia). The sensitivity of
the test was 1; 0.5; 2 and 1 pg/ml for IL-1p, IL-6, IL-18, and
TNF-a., respectively.

m RESULTS AND DISCUSSION

Usually, in order to evaluate the cytokine status of patients
the level of cytokines in serum or plasma is studied. First,
we performed a screening of pro-inflammatory cytokines in
the donor serum. The targets were some pro-inflammatory
molecules IL-1f, IL-6, IL-18 and TNF-o described in the
literature as participating in the pathogenesis of gouty arthritis.
Following the published data, the average level of IL-1f3, IL-
6, IL-18 and TNF-a in the serum was 3.6+£1.01; 4.7+0.84;
267.1+14.63; and 1.2+0.13, respectively [31]. The analysis
of cytokines in the serum of healthy donors (SRCBTC) with
the ELISE test (“Vector-Best”) showed the lowest possible
levels of IL-1PB and TNF-a at the ELISE threshold of
detection, and showed a donor-specific content of IL-6 and
IL-18 cytokines (Fig. 2A). It is interesting to notice that the
levels of inflammasome-regulated cytokines IL-1f and IL-
18 in the donor serum were drastically different: IL-1[3 was
present in minimum quantities (<10 pg/ml), whereas the IL-18
concentration was up to 200 pg/ml.

This is likely related to the constitutive expression of
the IL-18 gene and the alternate pathways of regulation
of the synthesis of mature forms of the IL-18 cytokine
[24, 32]. Our goal was to test the priming of the blood
cells with uric acid simulating the condition of the gouty
arthritis. Considering that the formation of crystals in
vivo is possible with the serum levels of UA at >420-600
umol/l, we chose two concentrations of UA: 0.5 mM,
which aligns with hyperuricemia, and 1 mM, which
equals the ultimately high concentration of uric acid under
which formation of crystals is still possible. However, the
study of the RPMI medium with 1 mM of uric acid did
not find any crystals (data not shown). To be sure that
the concentrations of UA match the added quantities, a
donor was selected with a boundary amount of UA in
the serum at 392.1 umol/l, and the concentrations of UA
were identified in the conditioned medium of 10-fold
diluted blood of the said donor with added UA in the final
concentration of 0.5 and 1 mM (Table 2). The results of
analysis of UA in the conditioned medium of 10-fold
diluted donor blood align with the added quantities of
uric acid.

www.innoscience.ru
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Figure 2. (A) Analysis of interleukins in donor serum by ELISA. () The amount of TNF-al in the conditioned medium of blood cells,
obtained from donors with normouricemia (4 MK 232.4 and [] MK 387.9, with an indicator of uric acid in the blood of 232.4 and 387.9 umol/,
respectively) and hyperuricemia (I'Y MK 454.1, with an indicator of uric acid in the blood 454.1 umol/l) in the absence (0) and the presence of

uric acid (UA) at 0.5- and 1-mM concentration.

PucyHok 2. (A) A unmepnelikuHoB B cbiBopomke 00HopoB. (b) CodepxxaHue TNF-OL B KynibmyparnbHol cpede Kiemok KpoBU OOHOPOB C
Hopmoypukemuel (O MK 232,4 u [ MK 387,9, c nokasamensiMu Mo4yeBoU Kucnomsl B KpoBU 232,4 u 387,9 MKMOJI/n cOOmBemcmBeHHo) U
ezunepypukemuell ('Y MK 454,1, c nokazamenem mMo4deBoll Kuciomsel B KpoBu 454,1 mkmon/n) npu omcymcemsauu (0) u npucymcmBsuu Mo4eBoU

kucnomsl (MK) B koHueHmpayuu 0,5 u 1 MM.

Using the conditions tested in vitro with addition of 0.5
and 1 mM of uric acid to the conditioned medium of cells,
some pilot tests were performed to evaluate the production
of inflammatory cytokines by donors’ blood cells whose UA
cerum values varied from normal (232.4 pmol/l) to ones seen
in hyperuricemia (454.1 umol/l). The values of UA in the donor
serum are shown in the donors’ ID: 232.4, 387.9 and 454.1
umol/l, respectively. The results of the ELISA test showed
background indicators of TNF-a in the conditioned medium
of donors’ blood cells incubated in the presence of elevated
concentrations of uric acid (0.5 and 1 mM). Th sensitivity of
the ELISA test (“Vector-best”) for TNF-a was 1 pg/ml. Even
though the concentration of TNF-o in the conditioned medium
was growing along the increase of uric acid concentration, the
values of TNF-a varied in the range of 5-10 pg/ml, which
is not sufficient for the diagnostically significant validity of
results considering the donor-specific variations (Fig. 2B).
In the analysis of production of the inflammasome-regulated
cytokine IL-13, we faced the problem of significant qualitative
variability of results, which calls for deeper research (data not
shown).

The blood cells of the same donors produced significant
quantities (hundreds of picograms per milliliter) of pro-
inflammatory cytokines IL-6, IL-18 in response to the
elevated concentrations of uric acid in the conditioned
medium (Fig. 3).

At the same time, the uric acid in the concentration
of 0.5 mM did not cause any significant changes in the
production of IL-6, IL-18 interleukins (Fig. 3), and only
in the presence of 1 mM of uric acid was there a marked
stimulating effect on the production of the said cytokines
by the donors’ blood cells. The most significant, 30-
to 40-fold increase of production was seen for the
inflammasome-regulated cytokine IL-18 making it a
potential marker for the analysis in patients with gouty
arthritis. Interestingly, the evaluation of inflammatory
cytokines IL-6 in the same samples of conditioned media
showed a reverse effect of production of this cytokine
as compared to the IL-18. In the samples of the patient’s

www.innoscience.ru

Added UA(umol/l) 0 0 535 1075
Results of UA analysis
(umall) 392,1 43,1 607,3 916,8

Table 2. The concentration of uric acid (UA) in the serum and cell
growth medium of donor cells. Donor blood with a serum UA of 392.1
umol/L was diluted 10-fold with RPMI medium containing 0.535 and
1075 umol/L UA and then the concentration of UA in the cell growth
medium was determined using a BM/Hitachi 902 blood analyzer

Tabnuuya 2. KoHueHmpayusi ModeBol kucnomsl (MK) B
CbIBOPOMKe U KynbmypasbHoll cpede kiemok doHopa. Kposb
doHopa ¢ nokazamenem MK B cbiBopomke 392,1 MkMos/n 6bina
decamukpamHo pasbasneHa cpedoli RPMI, codepxauweti 0,535 u
1075 mkmone/n MK, u 3amem koHueHmpauusi MK B kynbmypansHol
cpede bbina onpedenieHa C NOMOWbIO aHanusamopa Kposu BM/
Hitachi 902
blood cells with high concentration of uric acid (454.1),
there was seen a minimal production of IL-6. The IL-6
is described as a cytokine whose values are elevated in
the plasma of patients with gouty arthritis in the acute
phase but not in the patients with remission of gouty
arthritis [13]. We were interested in the effect of reverse
correlation of IL-18 and IL-6 production in the course
of in vitro stimulation of donor blood cells with uric
acid. Patients with gouty arthritis in the acute phase were
selected, and an in vitro analysis of production of IL.-18
and IL-6 by blood cells of these patients was performed
to be compared with that of potentially healthy donors
(Fig. 4). In the clinical exacerbation of gouty arthritis,
the production of IL-6 to the conditioned medium by
the patient’s blood cells (IT MK) was lower, whereas the
cells of potentially healthy donors continued to produce
the IL-6 (Fig. 4A). The analysis of the same conditioned
media showed the activity of cells of the patients with
gouty arthritis in the acute phase to produce elevated
concentrations of IL-18 in the presence of uric acid (Fig.
4B), which matches the literature data on the elevated
content of IL-18 in the serum of patients in the acute
phase of gouty arthritis.

Despite the pilot research with a modest sampling
of patients, it can be said that these results confirm our

5



BuotexHonorus

Hayka n nHHoBauuu B meguuuHe T.9(1)/2024

IL-6

200
180
160
140
120
100
80
60
40
20

IL-6, nr/Mn

MK, mM

IL-18, nr/mn

IL-18
700
600
500
400
= [1 MK-232,4
300
m 1 MK-387,9
200 m [l MK-454,1
100 .
P——- 1 1 |
0 05 1
b MK, mM

Figure 3. ELISA analysis for IL-6 and IL-18 in a cell growth medium containing blood cells from donors (4 with UA in blood 232.4
and 387.9 umol/L, respectively) and a patient with hyperuricemia ('Y with UA in blood 454.1) in the absence of (0)

and the presence of UA (0.5 and 1 mM).

PucyHok 3. IdA IL-6 u IL-18 B kynbmypanbHol cpede, codepxauiell knemku KpoBu 0oHopoB ([ ¢ nokasamensimu MK B kpoBu 232,4
u 387,9 Mkmon/n coomesemcmBeHHO) U nayueHma c aunepypukemuel (I'Y ¢ nokasamenem MK B kpoBu 454,1) B omcymcmsuu (0)

u npucymcmsuu MK (0,5 u 1 mM).

supposition that the blood cells of patients with gouty
arthritis sensibilized in vivo with Signal react to the
stimulation with uric acid in a different manner than the
blood cells of healthy donors.

The developed in vitro hyperuricemic haemotest
system for the analysis of hyperuricemia-stimulated
activity of inflammasomes of patients is a more adequate
model that the whole blood of serum since it uses the
blood cells of patients already sensibilized in vivo with
Signal 1. The nature of the latter is not yet fully studied.
Specifically predefined concentrations of uric acid
(Signal 2) may be added to the conditioned medium to
optimize the experiment in vitro. The serum values of the
majority of cytokines are at the borderline of detection,
and their accumulation in the serum depends on multiple
factors. The hyperuricemic haemotest system allows
improvement of cytokine detection levels as compared
with the analysis of the serum and, at the same time,

a precise control of concentration of signal molecules
characteristic for some disease or other.

The drawback of this approach is the cell sensitivity to
fluctuations of temperature, composition of the nutritional
medium, manufacturer of well plate and ELISA,
which influences the quantitative values of cytokines.
Specifically, we faced this challenge in the analysis of
production of the inflammasome cytokine IL-1 (data
not shown). The solution of the problem of quantitative
variations may be in the finding of a regular correlation in
the production of several cytokines in similar conditions.
Following a scaled study of patients, it will be possible
to introduce correlation indices characteristic of different
pathologies.

The marked effect of reverse correlation between the
production of the inflammasome interleukin IL-18 and
the broad spectrum cytokine IL-6 by the blood cells of
patients with hyperuricemia (including patients with
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Figure 4. ELISA analysis of IL-6 and IL-18 in a cell growth medium containing blood cells of donors () and patients with acute gouty

arthritis in the absence (0) and the presence of uric acid (1 mM UA).

PucyHok 4. I®A IL-6 u IL-18 B kynbmypanbHol cpede, codepxawell Kiemku KpoBu 00HopoB () u nayueHmos
€ nodazpuyeckuM apmpumom B nepuod obocmpeHusi B omcymcmauu (0) u npucymecmsuu MoveBoil kucnomsi (1 MM MK).
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gouty arthritis in the acute phase) in vitro is of special donors diluted with nutritional medium may serve as
scientific interest and requires further, broader research  an adequate in vitro cell model to study the impact of
in the scope of creating the hyperuricemic haemotest signal molecules of the inflammation. The results of the

system for personalized diagnostics. analysis of the in vitro hyperuremic haemotest system
using diluted blood of potentially healthy donors and
m CONCLUSIONS patients, whose blood cells were sensibilized in vivo

As part of development of personalized cell test system, against presence of specific factors characteristic of
conditions were designed for the in vitro stimulation of = gouty arthritis, showed variations in the production
blood cells from individual donors by uric acid. It was  of IL-18 and IL-6 cytokines. This may be used in the
demonstrated that the developed hyperuremic haemotest  personalized diagnostics to forecast development not
system based on the use of blood cells from individual only of gouty arthritis but of other pathologies as well. »=
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Yuacmue aBmopo8. J1.T. BonoBa — MHUITMMPOBAHKE U OPTaHHU3aIIHsl MCCIIeI0Ba-
HUSI; pelakTUpoBaHKe pykormcH. E.U. [TyraueB — npoBe/ieH#e SKCIIepUMEeHTaIbHbIX
UCCIIeJIOBAHUIA; aHA/IU3 Pe3y/bTaToB uccienoBanus. T.B. CrapukoBa — poBesieHHe
9KCIIEPUMEHTANIBHBIX HcciefioBanuil. [1.A. JlebeneB — opraHu3ariys TeOpeTHIeCKon
1 KJIIMHAYeCKOH YacTH MCCIIeIOBaHHIA; MHTEpIIPeTalys pe3ylibTaToB UCCIIeIOBAHMS.
H.A. IlladueBa — koopauHarus c6opa maboparopHoro Marepuana. C.H. Kysuerjos
— koopauHanus cbopa saboparopHoro Marepuana. O.A. ['ycskoBa — opraHuzarus
1 TIpoBeJieHHe 1abopaTopHbIX uccienoBanuil. I.H. CBeTnoBa — KoopauHAIMs UC-
cnenosanus. H.K. Ocuna — opopmiienne nu3aiiHa UCCIIeIOBaHUs; HHTepIpeTarys
Pe3yJIBTaToB HCCIIeIOBAHYSL

Bce aBTopbI 006pHITK pUHATIBHYIO BEPCHIO CTaThU Nepel MyOIrKaIel, Bbl-
Pa3WIU COITIaCHe HeCTH OTBETCTBEHHOCTD 3a BCe aCleKThl pabOTEI, O/[Pa3yMeBaio-
IO HajUIeXallee U3ydeHye U pellieHHe BOIIPOCOB, CBS3aHHBIX C TOYHOCTBIO WIN
J106pOCOBECTHOCTBIO 1060 YacTH paboTEL.
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