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The aim of the study was to assess the sorption capacity of Ustekinumab, a drug based on interleukins 12 (IL-12) and 23 (IL-23),
when-using it with a magnetocontrollable sorbent.

Materials and Methods. To reduce the concentration of proinflammatory cytokines (IL-12, IL-23), the blood of patients with psoriatic
arthritis was passed through magnetocontrollable polyacrylamide granules (MPG) of spherical shape with the particle size of 10-100 pm,
obtained by emulsion polymerization. Perfusion was performed through a 10 ml column equipped with an electromagnet, into which MPG
with immobilized antibodies to IL-12 and IL-23 was added. Ustekinumab, a commercial drug with concentration of monoclonal antibodies
equaling 0.2 mg per 1 ml of saline was used as the source of antibodies to these interleukins. The specific sorption capacity of MPG was
determined using a column filled with the granules in a volume of 0.2 ml and inducing their subsequent interaction with 1 ml of IL-12 and

IL-23 solutions with increasing concentrations.

The heparinized blood of 10 patients with psoriatic arthritis of various degrees of activity, who had no parenteral administration
of IL-12/IL-23 inhibitors (Ustekinumab) for 12 months, was subjected to in vitro treatment. The blood of 10 healthy donors was used as the

control; the perfusion procedure was similar.

Results. Digital parameters were measured for each sample before and after the interaction between the sorbent and blood plasma.
There was a significant decrease in cytokines from the baseline — by 99.8% (in donors) and by 99.9% (in patients). When using a carbon
sorbent, their concentration decreases by 92.6% from the baseline. As a result of sorption, blood cell counts did not change reliably, which

is an additional positive aspect of this procedure.

Conclusion. The maximum possible decrease in the level of cytokines has great practical importance, since they play a leading role
in the pathogenesis of psoriatic arthritis. The use of a synthesized Ustekinumab-based sorbent is a highly effective way of removing them

simultaneously from blood plasma.
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Introduction

Protein regulators as growth mediators involved in
the differentiation of lymphoid and mesenchymal cells
and immune inflammation cells are known to play the
leading role in the pathogenesis of many rheumatic
autoimmune diseases, including psoriatic arthritis. The
immune system cells, such as fibroblasts, platelets,
monocytes, macrophages synthesize cytokines,
interleukins, interferons, and other factors of immune
inflammation [1-3].

In psoriatic arthritis and other immune diseases, there
is pathological synthesis of interleukins 12 (IL-12) and
23 (IL-23). The increased IL-12 content is synchronized
with the amount of IL-1, IL-2, IL-10, interferon-a (IFN-a),
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and tumor necrosis factor-a (TNF-a). Their increased
level is found in the synovial tissue.

These interleukins are heterodimeric cytokines
containing two subunits of glycosylated proteins
connected by disulfide bonds and having the common
p40 subunit. When it interacts with the p35 subunit,
IL-12 is formed, while interaction with the p19 subunit
results in formation of IL-23. These cytokines are
synthesized mainly by macrophages, dendritic cells.
They produce their biological action by fixing on
double-stranded heterodimeric receptor complexes
located on the surface of CD4* T lymphocytes and
natural killer cells (NK cells). IL-23 stimulates Th17-
lymphocytes that begin to produce proinflammatory
factors, including IL-17, and these induce synthesis
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of other proinflammatory agents, according to the
feedback principle [4-7].

In recent years, fundamentally novel anti-inflammatory
drugs have been created using biotechnology methods.
They are genetically engineered biological agents,
the use of which has made it possible to increase the
efficacy of pharmacotherapy for rheumatic diseases
significantly. These agents include monoclonal
antibodies to certain determinants of immunocompetent
cells, or proinflammatory cytokines, and hybrid protein
molecules inhibiting cytokine activity or interaction
between T and B lymphocytes. The main advantage
of these drugs is their high specificity providing a
selective effect on certain links in the pathogenesis of
immune-inflammatory diseases and affecting the normal
mechanisms of the immune system at a minimum [8].

Today, parenteral administration of genetically
engineered biological drug Ustekinumab (Cilag AG,
Switzerland), IL-12 and IL-23 inhibitor, based on
monoclonal antibodies to IL-12 and IL-23, is widely used
to treat psoriatic arthritis [8, 9]. This commercial drug
is an interleukin inhibitor representing human IgG1k
monoclonal antibodies produced by a recombinant
cell line and subjected to multi-stage purification,
including inactivation and removal of viral particles.
High biological affinity and specificity of the drug
for the p40 subunit of human interleukins IL-12 and
IL-23 provides a blocking effect and prevents their
active interaction with the IL-12RB1 receptor and the
p40 subunit, while simultaneously neutralizing both
molecules. This drug quickly reduces disease activity,
inhibits destruction of the affected joints. However, side
effects (frequent allergic and infusion reactions) and the
high cost limit its use for the same patient. Elimination
of the studied interleukins from the bloodstream
with magnetocontrollable sorbents is a convenient
pathogenetic tool for suppressing their activity in
autoimmune diseases. Cytokines can be removed using
a carbon sorbent with a surface locally modified with
aminocaproic acid [10]. In this case, cytokine sorption
from blood serum is carried out through a solid-phase
carrier, the carbon adsorbent surface modified with
aminocaproic acid with its subsequent polycondensation.
To reduce the concentration of proinflammatory
cytokines IL-12 and IL-23, the authors propose passing
the blood of patients with psoriatic arthritis through
granules obtained previously by means of emulsion
polymerization [11]. The commercial drug Ustekinumab
was the source of antibodies to interleukins [12].

The aim of the study was to assess the sorption
capacity of Ustekinumab, a drug based on interleukins
12 and 23, when using it with a magnetocontrollable
sorbent.

Materials and Methods

The heparinized blood of 10 patients with psoriatic
arthritis of various degrees of activity, who had no

Sorption of Interleukins 12 and 23 Using Ustekinumab-Based Sorbent

CLINICAL SUPPLEMENTS

parenteral administration of cytokine inhibitors for 12
months, was subjected to in vitro treatment. The blood of
10 healthy donors was used as the control; the perfusion
procedure was similar.

Ustekinumab with the concentration of monoclonal
antibodies of 0.2 mg per 1 ml of saline was used as
the source of antibodies to interleukins IL-12 and
IL-23 immobilized on granules of spherical shape with
a particle size of 10-100 um. After completing the
polymerization, the granules were washed.

The specific sorption capacity of magnetocontrollable
polyacrylamide granules (MPG) was determined as
follows. A mixture of IL-12 and IL-23 solutions (1 ml) with
increasing concentrations was passed through a mini-
column with a 0.2 ml working chamber filled with MPG.
After perfusion of each variant of the solutions, MPG
was replaced, the loop was washed with 1 M Glycine-
HCI buffer, pH 2.2, and standard phosphate-buffered
saline.

The concentration of IL-12 and IL-23 in desorbed
solutions was determined by ELISA using commercial
kits (Bender MedSystems, USA, for IL-12 and Bender
MedSystems, Austria, for IL-23). When studying
the resulting solutions of IL-12 and IL-23 with initial
concentrations of 5, 10, 50, 100, 500, 1500 pg/ml after
their perfusion through MPG, interleukins were actually
undetectable.

Statistical data processing was performed using
Statistica 6.0, Excel 5.0, Statgraphics 3.0, SPSS
12.0 software packages. Sample characteristics were
presented as mean (M) and standard deviation (o).
Student’'s t-test was used to assess the quantitative
differences in different groups. The results obtained were
evaluated using the p value as the estimated probability
that the effect obtained in the study was random. Sample
differences were considered statistically significant at
p<0.05.

Results and Discussion

The dynamics of plasma interleukin concentrations
in donors and patients with psoriatic arthritis is shown in
Table 1. It demonstrates that during perfusion through
a magnetocontrollable sorbent, a statistically significant
decrease in the content of IL-12 and IL-23 as compared
to the baseline value was achieved in both groups,
patients and healthy individuals. In this case, the
maximum possible decrease in the level of cytokines is
of great practical importance, since they play a leading
role in the pathogenesis of psoriatic arthritis. When using
the carbon sorbent described in the literature [10], their
concentration decreases by 92.6% compared to the
initial level.

Blood perfusion was performed through the sorbent
in a 10 ml column equipped with an electromagnet, into
which MPG with immobilized antibodies to IL-12 and
IL-23 was added. 20 ml of native heparinized blood
was perfused through the column at a rate of 10 ml/h.
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Table 1

Change in IL-12 and IL-23 concentrations resulting
from perfusion through magnetocontrollable polyacrylamide granules
with immobilized antibodies to IL-12 and IL-23 (%) (Mo)

IL-12 IL-23
Group ; : : ;
Baseline After perfusion Baseline After perfusion
Healthy donors (n=10) 63.23+14.17 0.04+0.02 50.12+12.16 0.03+0.01
(—) (99.8) (—) (99.9)
Patients with psoriatic 85.16139.28 0.02+0.01 70.53£28.14 0.04+0.01
arthritis (n=10) (—) (99.9) (—) (99.9)

N o t e: statistical significance of differences in values before and after perfusion, p<0.001 in all
cases (the percentage increase in concentration is indicated in parentheses).

Table 2

Changes in blood cell counts resulting from perfusion
through magnetocontrollable polyacrylamide granules
with immobilized antibodies to IL-12 and IL-23 (Mo)

Parameter Baseline (n=10)  After perfusion (n=10)
Erythrocytes (x10'2/L) 3.80£0.07 3.700.06
Leukocytes (x10°/L) 5.9040.21 5.60+0.21
Platelets (x10°/L) 250.0£8.89 245.0£8.41

N ote: statistical significance of differences in values
before and after perfusion as compared to the baseline data,
p<0.05.

On completing the perfusion, unbound proteins were
removed from MPG by washing with a buffered saline
solution (pH 7.4) and regeneration was performed with
1 M glycine-HCI buffer pH 2.2 for 10 min. After the
first regeneration, loss in sorption capacity was 15%.
During subsequent repeated regenerations (9 times), no
statistically significant changes occurred in the specific
sorption capacity.

Blood plasma concentration of cytokines IL-12 and
IL-23 was determined by ELISA using commercial
Bender MedSystems kits, blood cell counts
(erythrocytes, leukocytes, platelets) were also assessed.
The values of all studied parameters were measured for
each sample twice, before and after perfusion.

When cytokines were removed, blood cell counts
did not change significantly, which is an additional
advantage of the proposed perfusion method (Table 2).

Conclusion

The results of IL-12 and IL-23 sorption using the
magnetocontrollable sorbent synthesized by us on the
basis of polyacrylamide gel and Ustekinumab indicate
highly effective removal of pathogenetic cytokines. This
sorbent has low damage rate in relation to blood cells
and low non-specific sorption. Extracorporeal removal of
cytokines from the bloodstream is likely to be a promising
preparatory stage in treatment of patients with rheumatic
diseases with genetically modified drugs. Similar
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procedures with the use of commercial antibody agents
based on specific monoclonal immunoglobulins can be
used in a possible “cytokine storm” in the pathogenesis
of autoimmune diseases and in the therapy of other
rheumatic diseases.

Study funding. This study was not supported by any
financial sources.

Conflict of interests. The authors have no conflict of
interests to disclose.

References

1. Badokin V.V. On the classification of psoriatic arthritis.
Klinicheskaya revmatologiya 1995; 1: 53-56.

2. Zborovskaya I|.A., Bedina S.A., Mozgovaya E.E.,
Slusar O.P. Enzimnyy profi’ plazmy krovi u bol'nykh
ankiloziruyushchim spondilitom i psoriaticheskim artritom.
V' kn.: Aktual'nye problemy sovremennoy revmatologii.
Vypusk XXXIV [Enzymatic profile of blood plasma in patients
with ankylosing spondylitis and psoriatic arthritis. In: Actual
problems of modern rheumatology. Issue XXXIV]. Moscow:
Planeta; 2018; p. 69-74.

3. Molochkov V.A., Badokin V.V., Albanova V..,
Volnukhin V.A. Psoriaz i psoriaticheskiy artrit [Psoriasis and
psoriatic arthritis]. Moscow; 2007.

4. Toti D.C., Feldman S.R. Interleukin-12, interleukin-23,
and psoriasis: current prospects. J Am Acad Dermatol 2007
57(6): 1059-1068, https://doi.org/10.1016/j.jaad.2007.07.016.

5. Dougados M., van der Linden S., Juhlin R., Huitfeldt B.,
Amor B., Calin A., Cats A., Dijkmans B., Olivieri |., Pasero G.,
Veys E., Zeidler H. The European Spondyloarthropathy Study
Group preliminary criteria for the classification of spondyloar-
thropathy. Arthritis Rheum 1991; 34(10): 1218-1227, https://
doi.org/10.1002/art.1780341003.

6. Shibata S., Tada Y., Komine M., Hattori N., Osame S.,
Kanda N., Watanabe S., Saeki H., Tamaki K. Anti-cyclic citrul-
linated peptide antibodies and IL-23p19 in psoriatic arthritis.
J Dermatol Sci 2009; 53(1): 34-39, https://doi.org/10.1016/].
jdermsci.2008.06.008.

7. Korsakova Yu.L., Stanislav M.L., Denisov L.N.,
Nasonov E.L. Ustekinumab is a new drug to treat psoriasis
and psoriatic arthritis. Nauchno-prakticheskaya revmatologiya
2013; 51(2): 170-180.

8. Nasonov E.L.

Genno-inzhenernye  biologicheskie

LP. Gontar, O.1. Emelyanova, O.A. Rusanova, I.A. Zborovskaya



preparaty v lechenii revmatoidnogo artrita [Genetically
engineered biological drugs in the treatment of rheumatoid
arthritis]. Moscow: IMA-PRESS; 2013; 552 p.

9. Simonova O.V., Smirnova L.A., Timin M.V. Otsenka
bezopasnosti primeneniya genno-inzhenernoy biologicheskoy
terapii u bol'nykh psoriaticheskim artritom. V kn.: Aktual’nye
problemy  sovremennoy  revmatologii.  Vypusk  XXXIV
[Assessment of the safety of genetic engineering biological
therapy in patients with psoriatic arthritis. In: Actual problems of
modern rheumatology. Issue XXXIV]. Moscow: Planeta; 2018;
p. 108-110.

10. Dolgikh  T.I., Pyanova L.G., Baklanova O.N,,
Dolgikh V.T., Luzyanova L.S., Filippov S.I., Sokolova T.F,,

Sorption of Interleukins 12 and 23 Using Ustekinumab-Based Sorbent

CLINICAL SUPPLEMENTS

Salanov A.N., Glushchenko A.V., Yershov A.V., Reis B.A.,
Likholobov V.A. Cytokine adsorption onto the modified
carbon sorbent surface in vitro in peritonitis. Obshchaya
reanimatologiya 2009; 6: 66—69, https://doi.org/10.15360/1813-
9779-2009-6-66.

11. Gontar I.P., Zborovskiy A.B., Levkin S.V., Sycheva G.F.
Method of magnetic polyacrylamide granule producing. Patent
RU 1582657. 1993.

12. Gontar |.P.,, Emelyanova O.l, Rusanova O.A,
Maslakova L.A., Zborovskaya |.A. Method of simultaneous
removal of interleukin-12 and interleukin-23 from biological
fluids using magnetically controlled granules. Patent RU
2670674. 2018.

CTM [ 2020 [ vol. 12 [ No.4 175



