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Аннотация
Цель – разработать in vitro метод оценки активности инфламмасомы в ус-
ловиях гиперурикемической стимуляции воспалительных интерлейкинов.
Материал и методы. Клетки цельной крови доноров и пациентов с ги-
перурикемией и обострением подагрического артрита культивировались 
in vitro в культуральной среде RPMI в присутствии разных концентра-

ций мочевой кислоты. Продукция цитокинов, вырабатываемых в куль-
туральную среду клетками крови, стимулированных мочевой кислотой, 
проводилась с помощью сравнительного иммуноферментного анализа.
Результаты. Имитируя условия гиперурикемии in vivo, была разработана 
in vitro клеточная тест-система стимуляции клеток крови индивидуаль-
ных доноров мочевой кислотой. С помощью разработанной гиперурике-

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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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 

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 1β (IL-
1β), IL-6 and TNF-α 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-α 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-1β, IL-6, IL-8, IL-17А, 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-1β are found [13, 14]. Still, 
there is enough clinical evidence to the key role played by 
the IL-1β in the progress of the gout. Clinical studies of the 
IL-1β 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 

мической гемотест-системы in vitro обнаружены количественные разли-
чия в продукции воспалительных цитокинов, вырабатываемых клетками 
крови потенциально здоровых доноров и пациентов с гиперурикемией и 
подагрическим артритом.
Выводы. В рамках создания персонифицированной диагностики 
разработана гиперурикемическая гемотест-система, которая мо-

жет служить клеточной моделью in vitro для изучения активации  
сигнальных молекул инфламмасомного воспаления при подагриче-
ском артрите.
Ключевые слова: клеточная биология, цитокины, гиперурикемия, по-
дагрический артрит, персонифицированная медицина.
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originally considered that UA 
causes inflammation via 
a c t i v a t i o n  o f  N L P R 3 
inflammasome only due to 
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-1β 
through the activation of the 
NF-kB transcription factor. 
It is to be mentioned that 
unlike the IL-1β, 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-1β 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-β 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 

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.

 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.

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-1 and pro-IL-18 to mature active IL-1 and IL-18, respectively. 
Gasdermin-D-mediated inflammatory signaling cascade provides the 
formation of membrane pores through which mature IL-1 and IL-18 
are released into the environment.
Рисунок 1. Двухсигнальная активация NLRP3 инфламмасомы. 
Активированные инфламмасомы NLRP3 способствуют 
высвобождению Caspase-1, которые переводят неактивные 
формы про-IL-1 и про-IL-18 в зрелые активные IL-1  
и IL-18 соответственно. Gasdermin-D-опосредованный 
каскад воспалительных реакций обеспечивает образование 
мембранных пор, через которые идет выброс зрелых IL-1  
и IL-18 в окружающую среду.
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 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-1β, IL-6, IL-18 and TNF-α 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°С. Then, using 0.5 М 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°С 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, содержа-
щей 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°С and 5% СО2 
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°С and 5% СО2 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°С 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 

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

 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-1β, IL-6, IL-18 and TNF-α described in the 
literature as participating in the pathogenesis of gouty arthritis. 
Following the published data, the average level of IL-1β, IL-
6, IL-18 and TNF-α 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-1β and TNF-α at the ELISE threshold of 
detection, and showed a donor-specific content of IL-6 and 
IL-18 cytokines (Fig. 2А). It is interesting to notice that the 
levels of inflammasome-regulated cytokines IL-1β and IL-
18 in the donor serum were drastically different: IL-1β 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 
µmol/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 µmol/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.

Table 1. Profile of patients with gouty arthritis from  
the Clinics of the Samara State Medical University
Таблица 1. Характеристика пациентов с подагрическим 
артритом из Клиник СамГМУ

Patient No. P UA 
372.12

P UA 
375.8

P UA 
450

P UA 
519

P UA 
620

Sex F F F M M

Age 68 66 63 47 43

Diagnosis Gouty arthritis, exacerbation

Serum UA, umol/l 372,12 375,8 450 519 620

Number of 
deformed joints 0 0 3 2 2
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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 µmol/l) to ones seen 
in hyperuricemia (454.1 µmol/l). The values of UA in the donor 
serum are shown in the donors’ ID: 232.4, 387.9 and 454.1 
µmol/l, respectively. The results of the ELISA test showed 
background indicators of TNF-α 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-α was 1 pg/ml. Even 
though the concentration of TNF-α in the conditioned medium 
was growing along the increase of uric acid concentration, the 
values of TNF-α 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. 2Б). 
In the analysis of production of the inflammasome-regulated 
cytokine IL-1β, 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 

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 (П МК) was lower, whereas the 
cells of potentially healthy donors continued to produce 
the IL-6 (Fig. 4А). 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. 
4Б), 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 
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Figure 2. (A) Analysis of interleukins in donor serum by ELISA. (Б) The amount of TNF-α in the conditioned medium of blood cells, 
obtained from donors with normouricemia (Д МК 232.4 and Д МК 387.9, with an indicator of uric acid in the blood of 232.4 and 387.9 μmol/l, 
respectively) and hyperuricemia (ГУ МК 454.1, with an indicator of uric acid in the blood 454.1 μmol/l) in the absence (0) and the presence of 
uric acid (UA) at 0.5- and 1-mM concentration.
Рисунок 2. (А) ИФА интерлейкинов в сыворотке доноров. (Б) Содержание TNF-α в культуральной среде клеток крови доноров с 
нормоурикемией (Д МК 232,4 и Д МК 387,9, с показателями мочевой кислоты в крови 232,4 и 387,9 мкмол/л соответственно) и 
гиперурикемией (ГУ МК 454,1, с показателем мочевой кислоты в крови 454,1 мкмол/л) при отсутствии (0) и присутствии мочевой 
кислоты (МК) в концентрации 0,5 и 1 мМ.

Donor serum Decimally diluted donor blood

Added UA(µmol/l)  0 0 535 1075

Results of UA analysis  
(µmol/l ) 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 
μmol/L was diluted 10-fold with RPMI medium containing 0.535 and 
1075 μmol/L UA and then the concentration of UA in the cell growth 
medium was determined using a BM/Hitachi 902 blood analyzer
Таблица 2. Концентрация мочевой кислоты (МК) в 
сыворотке и культуральной среде клеток донора. Кровь 
донора с показателем МК в сыворотке 392,1 мкмол/л была 
десятикратно разбавлена средой RPMI, содержащей 0,535 и 
1075 мкмоль/л МК, и затем концентрация МК в культуральной 
среде была определена с помощью анализатора крови BM/
Hitachi 902



6  www.innoscience.ru

Н ау к а  и  и н н о ва ц и и  в  м ед и ц и н е   Т. 9 ( 1 ) / 2 0 2 4

 www.innoscience.ru

Биотехнология     Biotechnology

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 

Figure 3. ELISA analysis for IL-6 and IL-18 in a cell growth medium containing blood cells from donors (Д with UA in blood 232.4  
and 387.9 μmol/L, respectively) and a patient with hyperuricemia (ГУ with UA in blood 454.1) in the absence of (0)  
and the presence of UA (0.5 and 1 mM).
Рисунок 3. ИФА IL-6 и IL-18 в культуральной среде, содержащей клетки крови доноров (Д с показателями МК в крови 232,4  
и 387,9 мкмол/л соответственно) и пациента с гиперурикемией (ГУ с показателем МК в крови 454,1) в отсутствии (0)  
и присутствии МК (0,5 и 1 мМ).

Figure 4. ELISA analysis of IL-6 and IL-18 in a cell growth medium containing blood cells of donors (Д) and patients with acute gouty  
arthritis in the absence (0) and the presence of uric acid (1 mM UA).
Рисунок 4. ИФА IL-6 и IL-18 в культуральной среде, содержащей клетки крови доноров (Д) и пациентов  
с подагрическим артритом в период обострения в отсутствии (0) и присутствии мочевой кислоты (1 мМ МК).

250

200

150

100

50

0

200

150

100

50

0

Д1 Д2

Сыворотка

пг
/м

л

Д3 Д4

0 0,5 1

TNF-α

T
N

F
-α

, п
г/

м
л

Д МК-232,4

Д МК-387,9

Д МК-454,1

IL-1β

IL-6

IL-18

IL-1α

А Б

200

180

160

140

120

100

80

60

40

20

0

700

600

500

400

300

200

100

0

3000

2500

2000

1500

1000

500

0

3000

2500

2000

1500

1000

500

0
Д1 Д2 Д3 Д4 Д5 П МК

372,12
П МК
375,8

П МК
450

П МК
519

П МК
620 Д1 Д2 Д3 Д4 Д5 П МК

372,12
П МК
375,8

П МК
450

П МК
519

П МК
620

IL
-6

, п
г/

м
л

IL
-1

8,
 п

г/
м

л

IL
-6

, п
г/

м
л

IL
-1

8,
 п

г/
м

л

IL-6 IL-18

Д МК-232,4

Д МК-387,9

Д МК-454,1

0 mM MK

1 mM MK

IL-6 IL-18

А Б

А Б

0 0,5 1

MK, mM MK, mM 

0 0,5 1

MK, mM 

250

200

150

100

50

0

200

150

100

50

0

Д1 Д2

Сыворотка

пг
/м

л

Д3 Д4

0 0,5 1

TNF-α

T
N

F
-α

, п
г/

м
л

Д МК-232,4

Д МК-387,9

Д МК-454,1

IL-1β

IL-6

IL-18

IL-1α

А Б

200

180

160

140

120

100

80

60

40

20

0

700

600

500

400

300

200

100

0

3000

2500

2000

1500

1000

500

0

3000

2500

2000

1500

1000

500

0
Д1 Д2 Д3 Д4 Д5 П МК

372,12
П МК
375,8

П МК
450

П МК
519

П МК
620 Д1 Д2 Д3 Д4 Д5 П МК

372,12
П МК
375,8

П МК
450

П МК
519

П МК
620

IL
-6

, п
г/

м
л

IL
-1

8,
 п

г/
м

л

IL
-6

, п
г/

м
л

IL
-1

8,
 п

г/
м

л

IL-6 IL-18

Д МК-232,4

Д МК-387,9

Д МК-454,1

0 mM MK

1 mM MK

IL-6 IL-18

А Б

А Б

0 0,5 1

MK, mM MK, mM 

0 0,5 1

MK, mM 



 www.innoscience.ru 7

S c i e n c e  &  I n n o v a t i o n s  i n  M e d i c i n e  Vo l . 9 ( 1 ) / 2 0 2 4

 www.innoscience.ru

Biotechnology Биотехнология 

gouty arthritis in the acute phase) in vitro is of special 
scientific interest and requires further, broader research 
in the scope of creating the hyperuricemic haemotest 
system for personalized diagnostics.

 CONCLUSIONS
As part of development of personalized cell test system, 

conditions were designed for the in vitro stimulation of 
blood cells from individual donors by uric acid. It was 
demonstrated that the developed hyperuremic haemotest 
system based on the use of blood cells from individual 

donors diluted with nutritional medium may serve as 
an adequate in vitro cell model to study the impact of 
signal molecules of the inflammation. The results of the 
analysis of the in vitro hyperuremic haemotest system 
using diluted blood of potentially healthy donors and 
patients, whose blood cells were sensibilized in vivo 
against presence of specific factors characteristic of 
gouty arthritis, showed variations in the production 
of IL-18 and IL-6 cytokines. This may be used in the 
personalized diagnostics to forecast development not 
only of gouty arthritis but of other pathologies as well. 
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