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MORPHOLOGICAL FEATURES OF THE ACTION
OF RONCOLEUKIN ON THE INTERNAL ORGANS OF WHITE MICE

Chronic inflammatory diseases are one of the leading causes of death in the world. A number of
pathological conditions are associated with chronic inflammation, such as chronic obstructive pulmo-
nary disease, rheumatoid arthritis, metabolic syndrome, type 2 diabetes mellitus, cardiovascular, chronic
kidney disease, cancer, neurodegenerative and autoimmune diseases. To address a number of issues
related to this problem, reliable models of chronic inflammation are needed. A number of chemical in-
ductors of this state are known from the literature. One of them is interleukin-2. Roncoleukin is a dosage
form of recombinant human interleukin-2. To date, few studies have been presented on changes at the
tissue level under the influence of IL-2. In this work, we studied the patterns of morphological changes
in the lungs, liver, kidneys, spleen, and thymus of CD-1 mice under the influence of low and high doses
of Roncoleukin. We have shown that the drug contributes to an increase in the mass of the spleen by
2 times and a decrease in the mass of the thymus by 1.5 times. Roncoleukin has a stimulating effect on
the immunocompetent compartment, leading to cell proliferation of T-dependent zones of the spleen
and thymus cortex. In the visceral organs, under its action, a picture of a chronic inflammatory process
develops.

Key words: IL-2, planimetric image analysis, chronic inflammation model, Ronkoleukin.

E.C. AeoHTbeBa'’, .U, ®omumH', H.M. lNomnuosa?, 1.C. KopoTeuxmir?
'9A-Dapabu atbiHAaFbl Kasak, yATTbIK, yHMBepcuTeTi, KasakcraH, AAMathl K.
2«MHekumsFa Kapcbl NpenapaTTapAbiH FbiAbIMM opTaAbiFbl» AK, KasakcTaH, Aamathl K.
*e-mail: eugensci@gmail.com

POHKOAEMKMHHIH, aK, ThILLKAQHAQPADIH, iLLKi MyLLUeAepiHe acep eTYiHiH,
MOPdPOAOTUSIABIK, epeKLLeAiKTepiH 3epTTey

Co3biAMaAbl KabbiHy aypyAapbl 9AemM OOMbIHLLA OAIMHIH Heri3ri cebenTtepiHiH 6ipi 6OAbIN TabblAaAbI.
bipkaTtap MaToOAOrMSIAbIK, aypy TYpAepi CO3blIAMaAbl KabbiHyMeH 6GalA@HbICTbI, MbICAaAbl, CO3bIAMAAbI
OOCTPYKTUBTI ©KMe aypybl, PEBMATOMATBI apTPUT, METABOAMKAABIK, CUHAPOM, 2 TUMTI KaHT Auaberi,
JKYPEK-KaH TamblpAapbl, CO3blAMaAbl OYMpeEK aypyAapbl, KaTepAi iCik, HEMpOAereHepaTuBTi >KoHe
AYTOMMMYHABIK, aypyAap. Ocbl MaceAere KaTtbiCTbl GipKaTtap MaCEeAeAepAi LWelly YLIiH CO3blAMaAbI
KaObIHYAbIH CEHIMAI YATiAepi KaxkeT. bya KymaiH 6ipkatap XMMMSIABIK MHAYKTOpPAapbl aAebum
MaAIMeTTepAEH GeAriai. OaapAbiH 0ipi MHTEPAENKMH-2. POHKOAEMKMH — aAaMHbIH PEKOMOMHAHTTbI
MHTEPAEIKMH-2 ABPIAIK TYpiHiH GipiHe xaTaabl. Ocbl yakbiTKa AeiiH MA-2 acepiHeH yAna AeHreiHAeri
e3repicTep TypaAbl a3paraH 3epTTeyAep YCbiHbIAAbL. ByA >kymbicta 6i3 CD-1 TbllwKaHAAPbIHBIH
ekneciHae, 6ayblpbiHAQ, OyMpeKTepiHAE, KOKOaybIpbiHAQ, TUMYCbIHAQ POHKOAEMKMHHIH TOMEH >KaHe
KOFfapbl A0O3aAapbl 8cepiHeH 60AaTbiH MOPCOAOTMSIAbIK, ©3repicTepAeH GOAATbIH 3aHAbIAbIKTAPADI
3epTTeaik. [Npenapat kekbayblpAblH MACCACbIHbIH, 2 ece apTyblHa >X8He TUMYCTbIH 1,5 ece asatoblHa
bIKMAA eTeTiHiH KepceTTiK. POHKOAENKMH MMMYHOKOMMETEHTTI KOMMapTMEeHKe bIHTAaAQHABIPYLLUbI
peTiHAe acep eTeAi, KoKbaybIpAbIH XKOHE TUMYC KbIPTbIChIHbIH, T-TOYeAAl aiMaKTapbIHbIH, XKaCYLLIAAbIK,
npoAncepaumsacbiHa akeAeai. Bucliepaababl opraHAapAa OHbIH 8CepiHEH CO3blAMaAbI KabbiHy Npoueci
epLIn TyceA,.

Ty#in cesaep: MIA-2, KeCKiHAI MTAQHUMETPUSIABIK, TaAAQY, CO3bIAMAAbI KabblHY MOAEAI, POHKOAEIKMH.
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Morphological features of the action of roncoleukin on the internal organs of white mice
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Mopdrorornueckme ocobeHHOCTH AencTBUSI POHKOAeHKMHA
Ha BHYTPEHHHWe opraHbl 6eAbIX MbiLLek

XpOHMYECKME BOCMAAUTEAbHbIE 3a60AEBAHNA ABASIOTCA OAHOM M3 OCHOBHbIX MPUYUH CMEPTHOCTH
B Mupe. C XpOHWYECKMM BOCMAAEHMEM ACCOLMMPOBAH PSA MATOAOMMUYECKMX COCTOSIHWMIA Takux,
Kak XpoHuuyeckas OOCTPYKTMBHas OOA€3Hb AErKMX, PEBMATOMAHBIA apTPUT, MeTaboANYECKMIA
CUMHAPOM, CaxapHblii AnabeT 2 Tuna, CepAeYHO-COCYAMCTble, XpoHuueckue 3aboAeBaHMsi Mouek,
OHKOAOTMYECKME, HEMPOAEreHepaTMBHbIE M AYTOMMMYHHbIe 3a00AeBaHMs. AAS pelleHus psiaa
BOMPOCOB, CBSI3aHHbIX C AAQHHOM MPOBAEMON HEOBXOAMMbI AOCTOBEPHbIE MOAEAM XPOHUUYECKOrO
BOCMaAneHus. M3 AuTepaTypbl M3BECTHO O PIAE XMMMUYECKMX MHAYKTOPOB AQHHOIO COCTOSIHMS.
OAHVM M3 HUX SBASIETCH MHTEPAEMKMH-2. POHKOAEMKMH — A€KapCTBEHHAs (hopma PEKOMOBMHAHTHOrO
MHTEpAerKMHa-2 YyeAoBeka. Ha ceroaHsIWHMI AeHb MPEeACTABAEHO MAaAO UCCAEAOBAHWUI, MOCBSILLEHHbIX
M3MEHEHMAM Ha TKaHEBOM YPOBHE Moa Aenctenem MA-2. B aaHHOM paboTe ObiAM MCCAEAOBAHDI
3aKOHOMEPHOCTN MOPMOAOTMYECKMX MBMEHEHUI B AErKMX, MeYeHu, Moukax, CeAe3eHke U Tumyce
Mbiwern AMHumn CD-1 noa AEMCTBUEM HU3KMX M BbICOKMX AO3 POHKOAEMKMHA. Hamm ObIAO MOKasaHo, 4To
npenapar CrnocoO6CTBYeT YBEAMUEHMIO MACChl CEAE3EHKM B 2 pa3a M YMEHbLUIEHUIO MacChbl TUMyca B 1,5
pa3a. POHKOAEMKMH OKa3blBaeT CTUMYAMPYIOLLIEE AEMCTBME HAa MMMYHOKOMMETEHTHbI KOMMAPTMEHT,
NPUBOAS K NMpoAndepaumm KAETOK T-3aBUCHMbIX 30H CEAEe3EeHKM M KopTekca TMMyca. B BucuepaAbHbIx

opraHax roa ero AeMcTBMeM PasBUMBAETCS KapTMHA XPOHUYECKOrO BOCMAAMTEABHOIO MpoLecca.
KatoueBble caoBa: MA-2, NAaHMMETPUMYECKMIA aHaAM3 M300pakeHuin, MOAEAb XPOHMYECKOro

BOCMaAeHnd, pOHKO/\el;IKl/IH.

Introduction

Chronic inflammatory diseases are one of
the leading causes of mortality. Inflammation is
a normal response of an organism to injury and
pathogen invasion. In some cases, it can take on
a chronic character and persist in an organism
for a long time, causing a number of pathologi-
cal changes and leading to a comorbid condition
[1]. Conditions such as low grade inflammation
and inflammation are known to be associated with
metabolic syndrome and aging [2—5]. Conditions
associated with chronic inflammation include
chronic obstructive pulmonary disease (COPD),
rheumatoid arthritis, metabolic syndrome, type 2
diabetes mellitus, cardiovascular disease, chronic
kidney disease, cancer, neurodegenerative and au-
toimmune diseases [6—8]. To solve a number of is-
sues related to this problem, both fundamental and
applied, chronic inflammation models are needed.
A number of chemical inducers of chronic inflam-
mation are known from the literature, including
formaldehyde, dextran, acetic and arachidonic ac-
ids, oxazolone, and others [9]. It is also known that
high doses of interleukin-2 and its recombinant
analogues can lead to systemic inflammation and
multiple organ failure [10].
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Interleukin-2 (IL-2) is an a-helical cytokine with
amolecular weight of 15.5-16 kDa, formerly known
as T-cell Growth Factor (TCGF). This cytokine is
produced predominantly by CD4" T cells and to a
lesser extent by CD8" T cells, dendritic cells (DCs),
natural killer (NK) cells, and NKT cells in response
to antigenic and mitogenic stimulation [11,12]. Re-
combinant IL-2 was obtained in 1983. Soon, its role
in stimulating T cell proliferation and generation of
effector and memory T cells was established in mice
and humans. Later it was found that another impor-
tant function of IL-2 is the control of immune re-
sponses and the maintenance of self-tolerance, and
its absence leads to autoimmunity [13—15]. IL-2 can
promote Activation Induced Cell Death (AICD) of
T cells and is therefore involved in suppression of
antigen-specific T cells after the clonal expansion
phase of the immune response. IL-2 may limit [L-17
production and exhibit immunosuppressive proper-
ties by stimulating the production and homeostasis
of regulatory T cells [16].

According to current concepts, low doses of
IL-2 (1.5 * 10%3 * 10° international units (IU)
once a day for humans or 1.5 * 10*-3 * 10* IU
once a day for mice) preferentially stimulates reg-
ulatory T cells. The use of high doses is limited
by toxicity manifesting as a ‘cytokine storm’ and
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capillary leak syndrome [17]. The greatest limita-
tion of IL-2 treatment has been the associated side
effects including hypotension as well as cardiac,
gastrointestinal, renal, cerebral, pulmonary, and
hepatic toxicity [10,18]. The literature suggests
that IL-2 toxicity is due to a cytokine-induced
‘systemic autophagic syndrome’, related to cy-
tokine-induced autophagy and temporal dysfunc-
tion [19].

High doses of IL-2 can lead to inflammation.
Thus, signs of inflammation in the respiratory tract
are infiltrates in the submucosa of the bronchi of
large and small caliber, bronchioles, as well as hy-
perplasia and metaplasia of the respiratory epithe-
lium [20]. In the liver during inflammation, portal
and centrilobular focal or multifocal infiltrates can
be observed, containing mainly lymphocytes and
macrophages, phenomena of fibrosis of the hepatic
capsule, hyperplasia of bile duct cells can also be
observed [21]. Signs of inflammation in the kid-
neys are interstitial infiltrates in the cortex and /
or medulla, containing predominantly lymphocytes
and macrophages, a small number of neutrophils,
as well as degeneration of the epithelium of the
tubules of the cortical substance and renal bodies
[22].

To date, there are quite a few studies on mor-
phological changes under the influence of IL-2.
Based on the information presented, as well as our
experiments, we suggest that high doses of Ronco-
leukin can be used to model the inflammatory pro-
cess in vivo.

Materials and methods

Roncoleukin-1000000 IU/ml (LLC Biotech,
Russia) was administered intraperitoneally to young
CD-1 mice at the following doses: 1*10* [U/kg and
1*10° IU/kg. Animals received unlimited access to
water and food, and were kept in vivarium condi-
tions with lighting mode 12/12. 3 groups of § ani-
mals were formed: control; I group — 1 * 10* U / kg;
II group — 1 * 10° IU / kg.

Slaughter was carried out on the 2nd and 7th day
after the administration of the drug. At necropsy,
the masses of animals with and without organs were
recorded, as well as the masses of each extracted
organ.

During slaughter, blood smears were obtained,
which were stained according to May-Grunwald

(Sigma Aldrich, USA). A manual count of the leu-
kocyte formula per 200 cells was performed for
each smear. After necropsy, the organs were fixed
in 10% neutral buffered formalin for 24 hours,
after which they were processed using standard
histological techniques, stained with Carazzi’s he-
matoxylin and eosin [23]. Planimetric analysis of
micrographs of lymphoid organs was performed
using Levenhuk ToupView 9.3 software and an
Optix 600 attachment camera on an MX300T mi-
croscope (MicroOptix, China) at x40, x100, x200,
x400 magnifications.

To assess the morphophysiological state of the
spleen and thymus, morphometric coefficients were
used — the stromal-parenchymal ratio (SPR) [24]
and the cortico-medullary index (CMI) [25], which
were calculated according to the formulas:

Ssr

SPR = * 100

Swp

where S —area of stroma, S, — area of white pulp

of the spleen.
Sc

SM

KMI =

where S — area of cortex, S, — area of medulla of
the thymus.

The results of quantitative studies were evaluated
using One-Way ANOVA analysis followed by
statistical analysis using the GraphPad Prism 9.3.1
software package. The significance level p=0.001-
0.05 was acceptable.

Results and discussion

To assess the morphological changes under
the influence of roncoleukin, an experiment was
conducted in which animals were injected with
different amounts of the drug (group I — 1¥10* TU/
kg; group 11— 1*¥10° [U/kg). Animals treated with an
equal volume of saline served as the control group.
Animals were taken out of the experiment on days 2
and 7 after drug administration.

Histological studies showed that on the 2nd
day in group I, small focal perivascular lymphoid
infiltrates with impaired blood rheology appeared
in the lungs, which were expressed as plasmastases,
in the pulmonary arteries (Fig. 1 B); changes in
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group Il were of a similar nature; erythrostasis
were noted in the blood vessels (Fig. 1 C). Focal
centrilobular lymphoid infiltrates were observed
in the liver of mice treated with both low and high
doses of the drug, and lymphocytes were noted in
the lumen of the blood vessels of the liver (Fig. 1
E, F). In the kidneys of mice of group I, destructive
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hemorrhages were noted in the interstitium of the
cortical substance (Fig. 1 H); the histostructure of
the kidneys in the high-dose group was preserved,
and foci of diapedetic hemorrhages were observed
in the interstitium of the cortex (Fig. 1 I). In all
groups, the area of infiltrates did not exceed 10% of
sections of the lungs, liver, and kidneys.

Figure 1 — Changes in the lungs, liver and kidneys on the 2nd day of the study.
A — lungs, control; C — lungs, group I, arterial plasmostasis marked with a black tip; C — lungs, group II,
arterial erythrostasis marked with a black tip; D — liver, control; E — liver, group I; F — liver, group II;
G — kidneys, control; H — kidneys, group I; I — kidneys, group II. H&E, magnification A-I — x200. Scale — 100 um.

Using the planimetric analysis of spleen and
thymus preparations, we found that on the 2nd day
there was a significant increase in the mass of the
spleen (Fig. 2 A) and its lymphoid compartment
relative to the stroma (Fig. 2 B). From this it fol-
lows that under the action of roncoleukin, cells of
the lymphoid follicles of the spleen proliferate, due
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to which an increase in the mass and lymphoid com-
ponent of the organ is observed. At this time, in the
thymus of mice of group II, there is a significant in-
crease in CMI (Fig. 2C), which also indicates the
proliferation of cortex lymphocytes under the action
of a high dose of the drug. Changes in the thymus
mass on day 2 were not significant (Fig. 2D).
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Figure 2 — Morphometric parameters of lymphoid organs on the 2nd day of the study.
A —mass of the spleen; B — stromal-parenchymal ratio in the spleen; C — thymus mass;
D — cortico-medullary index in the thymus.

On the 7th day of the study, the lungs of
animals treated with both low and high doses
showed focal moderate lymphoid infiltrates
located peribronchial (Fig. 3 B, C). Large
multifocal centrilobular lymphoid infiltrates
with division of blood into plasma and formed
elements in the central veins were noted in the
liver of group I mice; lymphocytes were also
observed in the lumen of blood vessels (Fig. 3 E).
With a high dose drug administration, multifocal
portal pulverized obesity of hepatocytes without
inflammation was recorded (Fig. 3 F). In
groups I and II, multifocal interstitial lymphoid
infiltrations  accompanied by  destructive
hemorrhage were observed in the kidneys (Fig.

3H, I). In both experimental groups, the area
of lymphoid infiltrates in the lungs, liver and
kidneys reached 30% of the section of each
organ — the severity of chronic inflammation was
higher than on the 2nd day of the study.

The mass of the spleen on the 7th day remained
significantly increased (Fig. 4 A), while the SPR
value did not significantly differ from the control
group (Fig. 4 B), which suggests that the mass of the
organ was increased equally due to lymphoid , and
stromal compartments. In the thymus, on the other
hand, a significant decrease in the mass of the organ
was noted both in groups I and II (Fig. 4 C), while
the CMI coefficient was significantly higher only in
group I (Fig. 4 D).
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Figure 3 — Changes in the lungs, liver and kidneys on the 7th day of the study.
A — lungs, control; B — lungs, group I; C — lungs, group II; D — liver, control; E — liver, group I; F — liver, group II; G — kidneys,
control; H — kidneys, group I; I — kidneys, group II. H&E, magnification C, G — x100; A, B, D-F, H, I — x200. Scale — 100 pm.

In the peripheral blood of mice of group I on
the 2nd day of the study, an increase in the number
of neutrophils and monocytes was observed, while
in group II — only monocytes, which indicates
the initiation of an inflammatory reaction. On
the 7th day, a further increase in the number of
neutrophils was observed in both experimental
groups, while the number of monocytes decreased
(Table 1).

Based on the histological description, it was
found that in the lungs, liver and kidneys there is
an increase in inflammatory infiltrates from 2 to 7
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days after the administration of the drug. The area of
lesions increased from 10% on day 2 to 30% by day
7, with the highest degree of inflammation recorded
in the kidneys. The data of planimetric analysis
indicated that on the 2nd day there was an increase in
mass in the spleen, however, changes in the thymus
occurred only under the influence of a high dose.
Thymus mass on day 7 in all experimental groups
significantly decreased. The functional activity of
the spleen on the 7th day in all experimental groups
decreased, while it increased in the thymus at a low
dose.
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Figure 4 — Morphometric parameters of lymphoid organs on the 7th day of the study. A — mass of the spleen;
B — stromal-parenchymal ratio in the spleen; C — thymus mass; D — cortico-medullary index in the thymus.
Table 1 — Leukocyte formula
10* 1U/kg 10° TU/kg
Group / measure c |
ontro Day 2 Day 7 Day 2 Day 7
Lymphocytes 159,6+5,92 133£11,5 106+14,5 150,75+16,25 143,25+5,75
Neutrophils 37,246,56 52+11,5 65,75+25,25 38,75+11,25 53,546
Monocytes 3+1,2 9,75+2,75 1 5,75+4,25 1,5+0,75
Basophils 0,2+0,32 2 140,67 2,25+0,875 0
Eosinophils 0 3,25+1,375 240,67 2,5+1 1,75+1,25
Conclusion weak in the lungs and liver, but the dynamics

Thus, we studied the morphological features
of the action of roncoleukin at doses of 1*104
and 1*105 IU/kg on the internal organs of CD-1
mice. Signs of chronic inflammation were noted
in all the organs studied, and the severity of the
inflammatory process was not dynamic and was

and moderate severity were detected in the
kidneys. There was a significant decrease in
the stromal-parenchymal ratio in the spleen
and an increase in the cortico-medullary index
in the thymus in proportion to the increase
in the dose of Roncoleukin. The state of the
lymphoid component of the immune organs
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indicated an increase in their functional activity.
Roncoleukin at a dose of 1 * 105 TU / kg leads to
greater damage to internal organs, especially the
kidneys, compared with a dose of 1 * 101U / kg.

Under the action of a high dose of Roncoleukin,
a chronic inflammation develops in the visceral
organs, and the drug can be recommended as an

agent for modeling this phenomenon, in particular,
to obtain a picture of renal, pulmonary and hepatic
insufficiency. There is also evidence in the literature
that high doses of IL-2 can cause a ‘“cytokine
storm” [17], and further immunological studies
are needed to study the patterns of its course at the
morphological level.
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