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A wide range of interleukin-7 (IL-7) biological effects suggests that application of appropriate prepa-
rations in clinical practice will stimulate immunity in patients with lymphocytic exhaustion or autoimmune
diseases. Studies are being conducted for IL-7 based preparations aimed at restoration of the immune system
of patients with immunodeficiency of different origins. Pseudomonas aeruginosa is an important pathogen,
which causes nosocomial infections in hospitalized patients. Infection factors, affecting the immune status of
the host, play a key role. A promising and relevant scientific endeavor is the study of the effect of recombinant
1L-7 (rIL-7) as an adjunct therapy in wound infections caused by P. aeruginosa. The aim of this study was
to evaluate the effectiveness of rIL-7 use in P. aeruginosa wound infection in mice. The experiments were
conducted using a standardized rIL-7 preparation, P. aeruginosa strain and 20 white non-inbred mice. The
preparation of rIL-7 after all stages of purification was characterized by the content of ballast proteins and
impurities via electrophoresis in a polyacrylamide gel in reducing conditions, and its biological activity was
evaluated in the MTT test by means of proliferation of peripheral blood mononuclear cells. In the mice, the
fur was removed, the neck nape was intentionally injured and P. aeruginosa bacteria were injected into the
wound of each animal (0.1 ml of suspension with a bacterial cell concentration of 0.08x10° cells/ml). Starting
from the 2" day, bacterial examination of the wound material was carried out daily. Starting from the 3" day,
the mice (experimental group, n = 10) were intraperitoneally administered 5 ug (0.1 ml) of the rIL-7 prepara-
tion. In the control group of animals (n = 10), the rIL-7 preparation was not administered. In 80% of experi-
mental animals (administered the rIL-7 preparation), the healing of wounds and elimination of the pathogen
of purulent inflammatory infection P. aeruginosa occurred on the 7" day. On the 9th day from the beginning
of wound infection, wound healing and elimination of P. aeruginosa occurred in all experimental mice. In
60% of mice from the control group (did not receive treatment with rlL-7), wound healing and the elimination
of P. aeruginosa occurred on the 9th day. Wound healing and elimination of P. aeruginosa in all mice of the
control group occurred on the 14th day. Thus, in mice treated with rIL-7, wound healing and elimination of the
pathogen occurred 5 days earlier than in mice from the control group (without rIL-7 treatment). Subsequent
studies may be aimed at developing protocols for the treatment of wound infections using an rIL-7 preparation
in patients with a compromised immune system Therefore, rIL-7 is a promising preparation for the treatment
of complex wound infections.
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immune system, which plays an important role

in the modulation of T- and B-cell development
and T-cell homeostasis [1, 2]. The potential and wide
range of its effects suggest that 1L-7 administration
will stimulate immunity in patients with lymphocy-
tic exhaustion and autoimmune diseases. Currently,
active IL-7 studies are being conducted as a means
to restore the immune system against the back-
ground of immunodeficient states of various origins.
IL-7 therapeutic activity is shown in solid tumors,
bacterial and viral infections [4-8].

Recently, there has been a tendency for the
emergence of many P. aeruginosa strains with
resistance to a wide range of antibiotics, which re-
quires the development of alternative therapeutic
approaches [9-13]. This is primarily due to intra-
hospital infection by these microorganisms, as the
frequency of their selection increases in proportion
to the length of time a patient stays in the hospi-
tal. As a rule, P. aeruginosa infection develops in
patients with reduced natural resistance (e.g., with
burns, oncological diseases, use of immunosuppres-
sants). This pathogen is characterized by resistance
to many antimicrobial substances, which causes a
high mortality from the sepsis that develops [14-16].
The resistance of P. aeruginosa strains to disinfec-
tants prevents their elimination from clinics [17, 18].

This problem is becoming even more relevant
for military field surgery [19, 20]. For Ukraine as a
region of military action, the increase in the number
of contingents of patients undergoing various sur-
gical interventions and manipulations, and the use
of new invasive methods of diagnosis and treatment
are typical. All of these circumstances determine an
increase in intra-hospital infections caused by patho-
genic and opportunistic microorganisms, including
P. aeruginosa. 1t should be noted that in the case of
the P. aeruginosa infection, factors that affect the
state of the macro-organism immune system play a
special role [21].

Given available literature data, the study of
the effect of recombinant IL-7 (rIL-7) as an adjunct
therapy in wound infections, in particular due to
P. aeruginosa, is a promising and relevant scien-
tific endeavor. It should be noted that our analysis of
scientific publications of recent years did not reveal
work on the study of the effects of IL.-7 preparations
on the course of wound infections. Thus, this lack
of scientific literature determined the innovative ap-
proach of our work.

I nterleukin-7 (IL-7) is a central cytokine of the

The aim of our study was to evaluate the ef-
fectiveness of using an rIL-7 preparation in wound
infections in mice caused by P. aeruginosa.

Materials and Methods

Laboratory animals. Twenty white non-inbred
(non-breeding) mice weighing 14-18 g were used in
the studies (males at the age of 3 weeks) (Groma-
shevsky Institute of Epidemiology and Infectious
Diseases of the National Academy of Science of
Ukraine, Kyiv, Ukraine). Studies on animals were
carried out in compliance with bioethical norms
[23], including the European Convention for the
protection of vertebrate animals used for experi-
mental and other scientific purposes (Strasbourg,
1986). The permission for animal work was issued
by the ethics committee of Gromashevsky Institute
of Epidemiology and Infectious Diseases of the Na-
tional Academy of Science of Ukraine.

rIL-7 preparation and its administration. Re-
combinant human interleukin-7 was provided by UA
Pro-Pharma LLC (Kyiv, Ukraine). The preparation
was obtained using recombinant DNA technology
in an expression system based on the E. coli BL21
(DE3) strain and the plasmid vector pACYC184. The
cytokine was purified from impurities via usage of
gel filtration on Sephadex G-25 and ion-exchange
chromatography on Q and SP Sepharose (Merck,
USA). Control of purity of the preparation was per-
formed via polyacrylamide gel electrophoresis with
sodium dodecyl sulfate (SDS-PAGE), and biological
activity was determined by means of mononuclear
peripheral blood cells (MPBC) from healthy donors
(cell proliferation evaluation was performed using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazole
bromide — MTT-test) [22]. In this study, rIL-7 prepa-
rations at concentrations of 20 pug/ml were used.

Each mouse in the experimental group (n = 10)
starting from the 3" day of the experiment was injec-
ted intraperitoneally with 5 ug (0.1 ml) of rIL-7 prep-
aration; administration lasted for 7 days. Thus, each
animal in the experimental group received 35 pg of
rIL-7. In the control group of animals (n = 10), the
rIL-7 preparation was not administered (only saline
was administered).

P. aeruginosa strain characteristics. This bac-
terial strain is characterized and stored in the mu-
seum of human pathogenic microorganisms of the
Gromashevsky Institute of Epidemiology and Infec-
tious Diseases of the National Academy of Science
of Ukraine (Kyiv, Ukraine). The microorganism
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has the following characteristics: it is mobile; has
pigments pyocyanin and fluorescein; synthesizes
trimethylamine; is oxidase- and catalase-positive
and exhibits hemolysis on blood agar; grows at
a temperature of 42 °C, but not at 50 °C; converts
nitrates to nitrites, has a positive test for arginine
dihydrolase, and negative test for lysine- and ornithi-
ne decarboxylase; and forms an acid from glucose.
On Endo's medium and meat-peptone agar (MPA) it
forms wavy colonies (resembling “daisy flowers”). It
is resistant to the following antibiotics: ciprofloxacin,
ceftazidime, amikacin, cefepime, meropenem; but is
sensitive to colistin. The strain is also resistant to
the action of many disinfectants: Septamine (dichlo-
roisocyanuric acid sodium salt, trichloroisocyanuric
acid), Saneedes (trichloroisocyanuric acid, isocyanu-
ric acid), Maxisan (quaternary ammonium salts mix-
ture), Dysmoson (magnesium monoperoxy phthalate
hexahydrate), Santifect (p-alkyl dimethylbenzyl
ammonium chloride, p-alkyl dimethyl ethylbenzyl
ammonium chloride), Entaktyv (benzalkonium chlo-
ride), Dezekon (didecyldimethylammonium chloride,
aminopropyl dodecylpropane thiamine).

Modeling of wound infection in mice. The study
involved 20 mice. The fur on the napes of the ani-
mals was removed and wounds the size of 1-1.5 cm
were made with a safety razor blade. The P. aeru-
ginosa culture was grown for 24 h on MPA at a
temperature of 37 = 1 °C. From the 24-hour culture,
bacterial inoculum was made, the turbidity of which
corresponded to 10 units at the standard sample of
turbidity (OSZ 42-28-85-01 P) (corresponding to a
concentration of bacterial cells of 0.08x10° cells/ml).
0.1 ml of a bacterial suspension was injected into the
wound of each mouse.

Microbiological tests. During the entire study
the monitoring of the manifestation of wound infec-
tion and the size of the wound were performed via
visual observation with photo fixation. The method
of serial dilutions was used for quantitative micro-
biological assessment. The primary dilution 1:10
was prepared as follows. The wound drainage was
introduced into a test tube with a sterile isotonic
solution of sodium chloride. Further dilution (1:10)
was transferred to 0.1 ml of inoculum into a test tube
of 9.9 ml of sterile isotonic sodium chloride solu-
tion. Thus, the dilutions were prepared up to 107,
Dilutions of wound material was seeded on Petri
dishes with MPA (0.1 ml of wound material) with
subsequent uniform rubbing into the surface of the
medium using a spatula to obtain the growth of iso-
lated colonies (for each dilution). Petri dishes were

incubated at 37 = 1 °C for 24 h. The next day, in
the presence of growth from certain dilutions, the
number of grown colonies on agar was counted. The
number of microorganisms in 1 cm? (N) was deter-
mined via the following formula:

N=nxaxbh,
where 7 is the number of colonies grown on the Petri
dish; a is the coefficient of seeding dose (a = 10,

when seeding dose is 0.1 ml); b is the wound mate-
rial dilution degree.

Results and Discussion

Characterization of rIL-7 preparation. The
preparation of rIL-7 after all stages of purification
was characterized by the content of ballast pro-
teins and impurities with SDS-PAGE (Fig. 1). Its
biological activity was evaluated by the MTT-test
and MPBC. Biological activity was evaluated in
comparison to the standard sample of rIL.-7 (calibra-
tor) produced by PeproTech (Rocky Hill, NJ, USA),
which allowed the calculated content of the test cy-
tokine in the preparation sample. Validation of this
method as a method of quantitative determination
was carried out previously [22].

Modeling of P. aeruginosa infection in
wounds. As described above, all mice were infected
with P. aeruginosa bacteria. At the same time, the
clinical signs of wound infection were the same for
all animals. The following clinical manifestations of
P. aeruginosa infection were recorded: hyperemia
of the tissues around the wound, limited edema, a
sufficient difference in the edges of the wound, and
purulent discharge from the incision.

On the 2" day, wound culture of the detachable
material from wounds was taken in order to isolate
the pathogen and determine its amount. Seeding
was carried out in 10 ml of sterile isotonic sodium
chloride solution. From each tube was made hanging
on cups of MPA in an amount of 0.1 ml, followed
by rubbing into the surface of the medium using a
spatula. The cups were incubated at 37 = 1 °C for
24 h. The number of grown colonies on agar was
counted the next day. For the 3rd day from the be-
ginning of the wound infection, the number of
P. aeruginosa microbial cells per 1 cm? of the wound
surface ranged from 1.0x10? to 1.0x10° cells/cm?.

During the 2" day, two experimental groups
of animals were formed: experimental and control,
with 10 mice in each. Starting from the 3" day after
the beginning of the experiment, each experimental
mouse received an intraperitoneal injection of 5 pg
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Fig. 1. Electrophoregram of the rIL-7 preparation:
Lane 1 — rIL-7 preparation;, Lane 2 — molecular
weight markers (130, 100, 70, 55, 25, 15 kDa)

of the rIL-7 (0.1 ml) per day. In the control group of
animals, the rIL-7 preparation was not administered.

On the 5" day after the beginning of the experi-
ment (or the 3" day after the administration of the
rIL-7 preparation), wound cultures were again taken
to determine the qualitative and quantitative findings
of P. aeruginosa in the material separated from the
wound. According to national recommendations, the
fact of isolating the microorganism from the wound
is evidence of its etiological significance in the infec-
tious purulent-inflammatory process [24].

The obtained data indicated that on the 5" day
after the beginning of the experiment, the number
of P. aeruginosa microbial cells per 1 cm? of wound
surface varied from 1.0x10* cells/cm? (the lowest
value) to 5.0x10° cells/cm? (the highest value) in the
experimental group of mice receiving rIL-7 intra-
peritoneally. The number of P. aeruginosa micro-
bial cells per 1 cm? of the wound surface of the mice
in the control group (which did not receive treat-
ment with the cytokine preparation) varied from
3.0x10° cells/cm? (the lowest value) to 5.0x10° cells/
cm? (the highest value) — one order of magnitude
greater than the maximum value in the experimen-

10

tal group of mice. External manifestations of wound
infections in the mice of both groups on the 5" day
after infection with P. aeruginosa was the same as
on the 3™ day, but they were more pronounced.

On the 7" day from the start of the experiment
there was a marked tendency toward wound healing
(dryness, formation of a scab) in mice treated with
the rIL-7 preparation. Seed cultures were marked
with the absence of pathogen, which showed that
P. aeruginosa completely disappeared from the sur-
face of the wound of the mice of the experimental
group (with rIL-7 administration).

There was a completely different situation on
the 7™ day in the control group of mice. Only one
experimental animal was characterized with the ab-
sence of bacteria in the wound. In other mice the
number of P. aeruginosa microbial cells per 1 cm?
of wound surface varied from 1.0x10° cells/cm? to
1.0x10° cells/cm?. The following signs of wound in-
fection in control animals were still present: hypere-
mia and scabs formation.

On the 9™ day there was complete elimination
of the P. aeruginosa causative agent in mice treated
with the rIL-7 preparation, with externally well-
marked healing wounds as evidenced by wound cul-
ture taken on the 9th day.

On the 9" day there was a tendency toward
healing and elimination of the pathogen in half of
the mice from the control group. The rest of the mice
were still characterized by infection of the wound,
which was confirmed by microbiological cultures
(the amount of the P. aeruginosa agent remained
at a sufficiently high level — 1.0x10° cells/cm? of the
wound surface).

The 12" day was marked with almost complete
healing of the wound of the experimental group of
mice up to the beginning of restoration of the fur
cover. P. aeruginosa from the wounds was not
found.

In half of the mice from the control group the
pathogen was not found in the wounds on the 12
day of the experiment; there was healing of the
wound. The other mice still had signs of infection of
the wound. The pathogen P. aeruginosa was excre-
ted in significantly smaller numbers — (3.0 to 5.0)x10°
microbial cells per 1 cm? of the wound surface.

Complete elimination of the pathogen from the
wound surface in the control group of mice occurred
on the 14™ day after the wound was infected by
P. aeruginosa. The recovery dynamics of mice with
wound infection by P. aeruginosa in experimental
and control groups of animals is shown in Fig. 2.
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Experiment Control

Day from the beginning
of the experiment

The 1%t day

The 7" day

The 12" day

Fig. 2. Dynamics of wound infection by P. aeruginosa in experimental and control mice

Most researchers attribute P. aeruginosa to The frequency of purulent-inflammatory complica-
conditional pathogens that can exhibit their invasive tions of P. aeruginosa etiology can also be provoked
and toxic properties in extreme situations [14-18]. by the fact that this agent is very unpretentious to
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nutrients in conditions of the hospital; it has long
been stored in the environment; it is highly resistant
to antibiotics and antiseptics and produces a large
number of various extracellular toxic substances that
can suppress macroorganism natural resistance [21].
Pathogenicity factors include ones which are toxic
to neutrophils and have endotoxin-like properties:
surface cell components (mucus polysaccharide, mu-
coid polysaccharide, lipopolysaccharide O-antigen,
lipid A). Mucus polysaccharide of P. aeruginosa
has an anti-phagocytic effect and suppresses local
pulmonary immunity. Pathogenicity factors also
include the following extracellular products: pro-
teases, exotoxin A, phospholipase C — lecithinase,
suppressing complement-dependent mechanisms of
protection and possessing toxicity for macrophages
[21, 25]. Thus, the state of the immune system has
an important and sometimes crucial significance for
predicting the consequences of wound infections
caused by P. aeruginosa.

Several examples of the use of cytokines,
in particular interleukin-2 (IL-2) and interferon-
alpha 2b, in the treatment of wound infections are
described in the literature [7, 8]. For example, the
administration of IL-2 resulted in an increase in the
number of lymphocytes and macrophages in the
wound, accelerating the changes in the stages of the
wound process and increasing the activity of phago-
cytic cells in the wound, which contributed to faster
wound healing.

IL-7, the cytokine we investigated, is the first
type of short-chain cytokines in the family of he-
matopoietins [26, 27]. It is known that the main
sources of IL-7 formation in the human body are
non-hemopoietic cells of the stroma of the bone mar-
row, thymus, and lymphoid organs. One of the first
biological properties of IL-7 that was detected is its
ability to activate precursors of B cells, as well as
immature and mature T-cells [26, 27]. At present,
the key role of IL-7 in T- and B-lymphopoiesis has
been proved [28]. Among the important effects of
this cytokine, its role as modulator of low-affinity
peptide-induced T-cell proliferation should be noted.
This property is considered as an important mecha-
nism of homeostatic regulation of T-cell popula-
tions. Data prove an increase in the level of IL-7 in

12

plasma and lymph in response to the depletion of
the T-cell lymphocytes in favor of this mechanism
[29]. Among other things, the participation of IL-7
in the development of dendritic cells, natural killers
and lymphoid tissue inducer cells has been proved
[1]. There is an interesting data regarding a deficit
of IL-7 in septic patients [30]: septic patients showed
the lowest levels of IL-7. Decrease of a number of T
cell populations in patients with sepsis was demon-
strated. The authors of this work proved a crucial
role of IL-7 as a factor of development of yo T cells,
as well as survival in sepsis, IL-7 association with
sepsis severity, evolution of organ failure and even
death.

Therefore, our results are in good agreement
with the available literature data on the pathogene-
sis of P. aeruginosa infection, as well as on the im-
munomodulatory properties of IL-7. In our opinion,
the obtained results are an important prerequisite
for the development of protocols for the integrated
treatment of wound infections, especially in patients
with a compromised immune system, as well as for
the development of finished dosage forms based on
rIL-7.

In summary, in 80% of experimental animals
which were administered intraperitoneal rIL-7, the
healing of wounds and elimination of the pathogen
of purulent inflammatory infection P. aeruginosa
occurred on the 7" day. On the 9" day from the
beginning of wound infection, wound healing and
elimination of P. aeruginosa occurred in all experi-
mental mice. In 60% of mice from the control group
(did not receive treatment with rIL.-7), wound healing
and the elimination of P. aeruginosa occurred on the
9" day. Wound healing and elimination of P. aerugi-
nosa in all mice of the control group occurred on the
14" day. Thus, wound healing and pathogen elimina-
tion occurred 5 days earlier in mice treated with rIL-
7 than in mice from the control group (without rIL-7
treatment). Therefore, rIL-7 is a promising prepara-
tion for the treatment of complex wound infections.
Subsequent studies may be aimed at developing pro-
tocols for the treatment of wound infections using
an rIL-7 preparation in patients with a compromised
immune system.
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[upokuii crmekrp OiomoridHUX  e(deKTiB
JO3BOJISIE  TIPUIYCTUTH, IO 3acCTOCYBaHHS B
KJTIHIYHIN mpakTuIi intepierkiny-7 moxunau (1J1-7)
JTO3BOJIUTH CTUMYIIIOBaTH IMYHITET y TAIli€HTIB 3
NMiM(OIUTApHUM BHCHAXXCHHSM, aBTOIMyHHUMH
3axXBOpIOBaHHsAMH  Tomo. Hapasi  BemyThes
nochimxenas 1JI-7 sk 3acoOy s BiTHOBJIEHHS
iMyHHOI cucTeMu Ha OHI iIMyHOIe(DIIIUTHUX CTAHIB
Ppi3HOrO MOXOIKeHHsI. BUBUEHHS BIIMBY mpemnapa-
Ty pexkombinantHoro [JI-7 (plJI-7) sx cymyTHBOI
Tepamnii paHOBUX  1HQEKIiH, CHPUYNHEHUX
Pseudomonas aeruginosa, € TIEpCIIEKTUBHUM Ha-
YKOBHM 3aBJIaHHSIM. MeToro poOOTH OyJIO OMIHUTH
edexTuBHICTH BUuKkopuctanHs plJI-7 y pasi panoBoi
iHpekii P. aeruginosa B mwumei. JlocmimxeHHs
MIPOBOJMIIM 3 BUKOPUCTAHHSM: CTAaHAAPTHU30BAHO-
ro npenapary plJI-7, mramy P. aeruginosa, 6imux
HeinOpenHux (Oesmoponunx) mumeit. I[Ipemapat
plJI-7 micnmsa Bcix eramiB O4HMCTKH OyB OXapakTe-
pU30BaHUN IMOJO0 BMICTY OajacTHUX MPOTEIHIB
Ta JOMIIIOK 3a JONOMOIOI0 eJeKTpodopesy B
ToJTiaKpUIIaMiTHOMY TeJli B pEIYKYIOUHX YMOBAX, a
1oro 0i0JIOTIYHY aKTHUBHICTB OyI0 orineHo y MTT-
TeCTi Ha MOHOHYKJICAPHUX KJIITHHAX TIeprepuaHOl
kposi. IllepcTb Ha 3arpuBKy TBapuH BUCTPUIJIN Ta
HAHOCHJIM MOPAaHEHHS, 1 B paHy KOXXHOI TBapHHU
BBowuH P. aeruginosa (0,1 Mit cycrieHsii i3 BMicToM
6akrepianbaux KmituH 0,08x10° kimitua/mi). Ilo-
YUHAIOYM 3 2-TO JHS iH(QIKYBaHHS TIPOBOIUIN
OaxTepianbHe JOCTIHKEHHS paHOBOTO Martepiaiy. 3
3-i mobu mMuIaM (eKcriepuMeHTaIbHa rpyma, n = 10)
BHYTpilmHROUepeBHO BBOAMIH 5 MKT (0,1 M) mpe-
napary plJI-7. KortponeHiii rpyni tBapun (n = 10)
npenapat plJI-7 we BBommmu. Y 80% tBapun (i3
BBeleHHsM mpenapary plJI-7) 3aroenns paH i

enimiHalisi 30y HUKA THIMHO 3amajibHOl 1H(EKIil
P. aeruginosa Binoysanocs Ha 7-my n00y. Ha 9-ty
no0y BiJl MOYaTKy 3apa)KeHHs paHU BigOyBaiocs
3aroeHHA paH i eximiHauis P. aeruginosa y BCiX
nociigaux mutierd. Y 60% muiied 3 KOHTPOIbHOT
Ipyny, 10 HE OTPUMYBAJIM JIIKyBaHHS Mpenapa-
toMm plJI-7, 3aroeHHst paH 1 eniMiHalis 30yaHU-
ka P. aeruginosa Bij0OyBajacs Ha JEBSTY J00Y.
3aroeHHs1 paH 1 emiMiHanis P. aeruginosa y BCiX
MUIIEH KOHTPOJIBHOI I'pynH BinOyBanacs Ha 14-Ty
n00y. To6To B MUILIEH, 110 OTPUMYBaJIH JiKYBaHHS
npernapatoM plJI-7, 3aroeHHs paH 1 eJjiMiHaLisg
30yJHUKa HACTaBaja Ha 5 JIHIB paHille, HIXK y MU-
el 3 KOHTpOJIbHOI rpynu. Takum umnoMm, plJI-7
€ TEepPCHEKTHBHUM IMpenapaToM sl KOMIIJIEKCHOT
Teparii paHOBHUX 1H(EKIIii.

KnmouoBi cIoBa:  PCKOMOIHAHTHHMA
iHTepielKin-7 monuan, Pseudomonas aeruginosa,
paHoBa iH(EKIis, Tepartis.
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