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NETOSIS AS A PROCESS INVOLVED IN THE CONSOLIDATION
OF ANEURYSMAL BONE CYSTS IN CHILDREN USING HEMOSTATIC AGENTS

A. V. Pisklakov !, D. G. Novikov !, A. N. Zolotov !, K. V. Palianov ' 2,
M. M. Korobeinikov 2, V. I. Ponomarev !, A. G. Kalinichev !, A. V. Lysov !

! Omsk State Medical University, Russian Federation
2 Regional Clinical Children’s Hospital, Omsk, Russian Federation

HETO3 KAK NPOLLECC, YYACTBYIOLUWI B 3AXKMBAEHUM
AHEBPU3MAABHOWN KOCTHOM KUCTbI Y AETEM
MPU NPUMEHEHWUW TEMOCTATMYECKOTO MPEMAPATA
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The study investigating the excessive formation of neutrophil extracellular traps (NETs) in neutrophils culture obtained
while treatment of aneurysmal bone cysts using «<Haemoblock», a hemostatic agent (Pul-Sar, Istra, Russian Federation), as
a stimulator has been conducted. One hundred twenty-eight children with aneurysmal bone cysts (ABC) aged 6 to 15 years
were included in the study. Sixty-three of the patients a clinical comparison group, underwent intralesional resection followed
by alloplasty. Sixty-five of the patients made up a main clinical group who underwent minimally invasive surgery; 35 patients
(A) and 30 children were treated by puncturing and administered a hemostatic agent (B).

Ex vivo excessive NET generation was evaluated in neutrophil culture isolated from blood obtained during cyst
puncturing and from peripheral venous blood in all children of the main clinical group. Neutrophils isolated from cysts had a
statistically significantly increased ability to form extracellular traps compared to neutrophils from peripheral venous blood
in response to stimulation by «<Haemoblock», a hemostatic agent. Neutrophils in these patients formed mainly filamento-
us NETs.

Thus, a modulating NETs formation plays a main role in providing intercellular interaction and proliferation of cells,
including fibroblasts, leading to the closure of the cavity of aneurysmal bone cysts in children.

Keywords: aneurysmal bone cyst, netosis, neutrophil extracellular traps, hemostatic agent, children
MNMpoBeneHo nccnenoBaHne BbIPaXEHHOCTU 06pa3oBaHUS HENTPOPUbHBLIX BHEKNETOUYHbIX NoBywek (HBJT) B kynbTy-

pe HeNTpPOodUIOB, MOMYYEHHON NPU NEYEHUN aHEBPU3MAJIbHbIX KOCTHbIX KUCT MPU UCMONIb30BAaHUN B KAQYeCTBE CTUMYNSA-
Topa remocTtaTuyeckoro pacteopa «Femobnok» (Mynb-Cap, McTtpa, Poccuiickaa depepaunsi). Bcero B nccnenosaHue
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Bowno 128 peteli ¢ aHeBpu3MasbHbIMU KOCTHbIMU kucTammn (AKK) B Bo3pacte ot 6 no 15 net. M3 Hux 63 pebeHka 6binn
onepupoBaHbl PaaMKanbHO C MPOBEAEHVNEM BHYTPMOYArOBOW PE3EKUMN U NOCNeayloLwwen annonnacTnkmn, KoTopble cocta-
BUN FPYNNY KIIMHUYECKOrO CPaBHEHUS. B OCHOBHYIO KIMHWYECKYIO rpynny Bowio 65 aeten: onepmpoBaHHble MO0 MeTOANKE
MaslOMHBAa3MBHOIO ONepaTnMBHOro BMelartenscTea (A) — 35 geTen n oneprMpoBaHHble C MPOBEAEHNEM MYHKLMM U BBEAE-
HMeM remocTaTuyeckoro npenapata (B) — 30. Y Bcex neteit B OCHOBHOW KJIMHUYECKOW rpyrne oueHuBann BblpaXeHHOCTb
o6pasoBaHus HBJ1 ex vivo B kKynbType HEUTPODUIIOB, BbIAENEHHBLIX N3 KPOBU, NMOJIYHEHHOW NPU NYHKLAN KUCTbI, 1 N3 Nepu-
depunyHeckor BEHO3HOW KPOBU.

HenTpodunbl, BblaeNEHHbIE U3 KUCT, 06Naganu CTaTUCTUYECKM 3HAYMMO BbICOKO CNOCOBHOCTbIO K GOPMUPOBAHUIO
HBJ1 B cpaBHEHUY ¢ HerTpodunammn na nepudepmnyeckomn BEHO3HOM KPOBW B OTBET HA CTUMYJISLLMIO FTEMOCTaTUYECKUM Mnpe-
napaTtoM «emo6n0k». HenTpodunbl y aTnx naumeHToB GopmMmnpoBasn B OCHOBHOM HUTEeBUAHbIe HBJI.

Takmm o6paszom, moaenmpoBaHHoe popmmpoBaHmne HBJ1 urpaet Benyliyto posib B 06ecnevyeHnm MexkieTo4Horo B3au-
MoZencTBus 1 nponndepaumnmn KneTok, B ToM 4ucne Gnoépobnactos, NpuBOAS K 3aKPbITUIO MONOCTN aHEBPU3MaSIbHOM KOCT-
HOW KNCTbl B AETCKOM BO3pacTe.

KnoyeBbie coBa: aHeBpu3mMalibHass KOCTHas Kucrta, HeTo3, HeﬁTpO(bl/lﬂbele BHEKJIeTOYHbI€ JIOBYLLKW, reMoCTaTtuk,
aetn
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ABC - aneurysmal bone cyst
CRL - Central Research Laboratory
EOC- electron-optical converter

NETs - neutrophil extracellular traps
PVB - peripheral venous blood

tive local benign lesion of the bone tissue rep-

resented by multiple cystic cavities and/or a
blood-filled cavity predominantly located in the
metaphysis [1]. The lesion was first described by
H. L. Jaffe and L. Lichtensteinin 1942 based on clini-
cal, X-ray, and histological investigations. There are
several theories for ABC development as a destruc-
tive process due to vascular defects [2]. As a result
of hemodynamic disorders and impaired outflow of
interstitial fluid in the metaphyseal zone increase
in intraosseous pressure is registered, leading to a
fluid-filled cavity formation [3]. There is also a
theory that the aneurysm is a result of trauma in
anamnesis [4].

The clinical picture depends on the site of the bone
cyst, the size of the lesion, and the type and degree of
bone structure destruction [5-7]. While the process
progresses, it is the local «swelling» of the bone,
persistent pain, dysfunction of the affected limb, the
development of contractures in the allied joints, impaired
support function, such as limping and changes of the
limb shape at the site of the lesion [8]. In X-ray, ABCs are
usually located centrally or eccentrically concerning the
bone axis [9].

Three stages of the disease are distinguished with
X-ray: active (the osteolysis phase, lasting about one year
and accompanied by increasing the size of the lesion and
thinning of the cortical plates), passive (the delimitation
phase, lasting up to 6-8 months when the cyst lost its
activity decreasing in its size due to the compaction of the
peripheral part of the bone) and the regenerative phase
(come up in 2 years from the disease onset).

The new function of neutrophil leukocytes, the
development of neutrophil extracellular traps (NETs), has
been relatively recently described. The process is called

B n aneurysmal bone cyst (ABC) is a destruc-
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NETosis. Itis accompanied by the release of extracellular
DNA associated with histones and the content of
leukocyte granules (enzymes and antibacterial proteins)
[10]. NETs leading physiological role is capturing and
destroying infectious agents [11]. However, the recent
studies have demonstrated the role of NETosis in other
physiological and general pathological processes, such
as thrombosis [12] and wound healing [13]. Undoubtedly,
NETosis can play a specific role in ABC evolution,
but, unfortunately, we have found no such publi-
cations.

The purpose of this study is to evaluate ex vivo
excessive generation of NET in neutrophil culture
isolated from blood obtained while puncturing during
the healing process of the cystic cavity in comparison
with the excessive formation of neutrophil extracellular
traps by neutrophils of peripheral venous blood using
«Haemoblock», a hemostatic agent, as a stimulator in
ABCs treatment.

Material and Methods. A retrospective analysis of
medical records data and X-ray examinations of children
treated in the Traumatology and Orthopedic Department
at the Omsk Regional Clinical Children’s Hospital from
2012 to 2023 was carried out. One hundred twenty-eight
patients with ABC aged 6 to 15 years were included in the
study. Sixty-three of the 128 patients, a group of clinical
comparison, underwent intralesional resection followed
by alloplasty. Sixty-five children were included in the
main group with newer treatment approaches. Thirty-
five patients of the 65 underwent minimally invasive
surgery (subgroup A), and 30 children were treated
using puncture and administration of a hemostatic agent
(subgroup B).

The anatomic locations for the lesions were presented
as follows: proximal humerus — 21 (16.4 %); proximal
femur — 19 (14.8 %); ischium — 9 (7 %); proximal tibia —
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17 (13.3 %); distal tibia — 18 (14.1 %); proximal fibula —
16 (12.5 %); distal fibula — 14 (10.9 %); calcaneus -
14 (10.9 %). Sixty-eight (53.1 %) of the 128 patients were
male, and 60 (53.1 %) were female.

Diagnostic Kasirsky needle puncture using Triton IN
ND 500/75 for invasive pressure monitoring (Ural Optical-
Mechanical Plant, Ekaterinburg, the Russian Federation)
to determine ABCs activity level was performed for all
patients under anesthesia mask exposure with EOC
control. It was registered that intraosseous pressure
was 300-450 mm Aq at the initial stage (osteolysis) in
all children. Much lower values of intraosseous pressure
up to 250-300 mm Aqg were recorded during the
further development of the bone cyst and its transition
to the second stage. Values 100-250 mm Aq were
registered 3—-4 months later in the recovery stage. Upon
intraosseous pressure determination in ABC puncture
treatment, the blood in test tubes was sent to the Central
Research Laboratory (CRL) of the Omsk State Medical
University to be investigated for NETosis and neutrophil
traps.

The manipulation was completed by administering
«Haemoblock» (Pul-Sar, Istra, the Russian Federation), a
hemostatic agent, into the cavity in a volume equal to '/4
of the resulting volume of the cyst calculated in a routine
X-ray examination in full size. Repeated punctures were
performed three months later. When three or more stages
of puncture treatment of the ABC were performed, and
the cyst recovery was slow, intralesional resection of the
affected site was performed, followed by filling the defect
with an allograft.

If the ABC was inactive, the open intralesional
resection of the cavity, followed by the replacement with
bone straw and spongiose bone chips, was performed.
Since 2017, this surgery has been minimally invasive.
A 6 mm incision is made in the cyst projection. A wide
trocar with a 5 mm shortened «leg» is inserted, curettage
of the cavity is carried out via the trocar using a Volkmann
spoon, and the cavity is packed with crushed bone
straw and spongiose bone chips until the cyst cavity
is filled.

Ex vivo excessive NETs generation was evaluated
in neutrophils culture isolated from blood while cyst
puncturing (ABC subgroup) and from peripheral venous
blood (PVB subgroup) in all children of the main clinical
subgroup B (n=30). Blood samples for ABC and PVB
subgroups were taken simultaneously during the
intervention. Neutrophils were isolated from heparinized
blood using a Ficoll-verografin double-density gradient.
When isolation was completed, the concentration of
cells in Hank’s solution was adjusted to 5000 cells per
1 pl. Then, 1 part of Haemoblock was added to 10 parts
of neutrophils, and the neutrophils were exposed for
30 minutes at 37 °C. Wet mount slides were prepared,
and the results were visualized using fluorescence
microscopy with an excitation filter with a wavelength
range between 450-480 nm and an emission filter with a
wavelength of 515 nm. In a sample, the ratio of the cells
was calculated: of intact neutrophils, the bright green
cells with an unstained nucleus; of activated neutrophils,
the cells with the bright green surface structures and
a stained red-orange nucleus; of early NETosis cells,
the cells with bright green surface structures and an
enlarged red-orange nucleus with a visualized release of
a nuclear substance in at least one location; the cloud-
like NETs, the unstructured homogeneous NETs located
diffusely around a NETosis originated cell in the shape

of a «cloud», exceeding a cell size by more than two
times; of filamentous NETs, the red-orange structured
filamentous NETs, two times larger than the size
of the cell.

Statistics data processing was carried out using
the software Statistica 12.0 (StatSoft, USA). The data
distribution in the groups was assessed using the
Shapiro — Wilk test. The results are presented as a
median and the interquartile range Me (Q1-Q3). The
Mann — Whitney test was used to calculate the statistical
significance of differences for independent samples.
The Pearson y? test was used to assess the qualitative
indicators. A p-value<0.05 was considered statistically
significant.

Results and Discussion. Neutrophils of the main
clinical group (subgroup B) in the ABC subgroup formed
the filamentous NETSs statistically significantly more often
than neutrophils of the PVB subgroup (p=0.0000; Mann -
Whitney U-test). The median and interquartile range
ratios of the filamentous NETs in ABC and PVB subgroups
were 38.5 (28.9-41.1) and 7.7 (5.4-12.9) respecti-
vely (Fig. 1).

At the same time, neutrophils of both subgroups
formed a tiny number of cloud-like NETs, a median, and
the interquartile range were 0.8 (0.0-1.9) in the PVB
subgroup and 1.2 (0.7-2.0) in ABC one, respectively.
Neutrophils in the PVB subgroup in 10 cases out of 30 did
not form the cloud-like NETs; and 7 cases out of 30 in
the ABC subgroup. There were no statistically significant
differencesintheratioofcloud-like NETscomparedto PVB
and ABC subgroups (p>0.05; Mann — Whitney U-test).
In a neutrophil sample after «<Haemoblock» exposure,
the percentage of early NETosis cells was statistically
significantly more often recorded in the ABC subgroup
than in the PVB subgroup (p=0.0000; Mann — Whitney
U-test). The median and interquartile range of the early
NETosis cells proportion in the neutrophil sample in
ABC and PVB subgroups after stimulation were 23.0
(20.8-25.0) and 16.6 (12.8-19.0) respectively (Fig. 2).
Activated neutrophils in ABC subgroup were statistically
significantly less than in PVB subgroup 13.9 (7.2-22.8)
and 22.4 (12.0-29.2) respectively (p=0.0207; Mann —
Whitney U-test). Enhanced ability of neutrophils to form
an extracellular trap observed in the ABC subgroup
under «Haemoblock» exposure on isolated neutrophils
impacted the ratio of intact cells in the sample. In the ABC
subgroup intact neutrophils were statistically significantly
fewer compared to the PVB subgroup 25.7 (17.0-
29.9) - 52.8 (47.7-59.3) respectively (p=0.0000; Mann -
Whitney U-test) (Fig. 2).

Thus, neutrophils isolated from ABC blood had an
increased ability to form extracellular traps compared to
neutrophils from peripheral venous blood in response to
«Haemoblock» exposure (Fig. 3).

Neutrophils from patients with ABC formed mainly
filamentous NETs. Moreover, early NETosis cells were
more frequently noted in a neutrophils sample of the
ABC subgroup. The ability of neutrophils of the PVB sub-
group to form extracellular traps was statistically signifi-
cantly lower than in the ABC subgroup (x?=60.6; df=4;
p<0.0000).

As opposed to the processes with a systemic inflam-
matory response studied previously, for example, in the
case of TB in children [14], peripheral blood neutrophils
did not form extracellular traps spontaneously without
exposure to an external stimulator. This reaction is pre-
dictable because ABC genesis is an aseptic, localized
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Fig. 1. Ratio of filamentous NETSs, cloud-shaped NETSs, early NETosis cells,
and activated neutrophils in a sample of isolated neutrophils obtained from peripheral
venous blood (PVB) and from the blood of the aneurysmal bone cyst (ABC)
after stimulation with <Haemoblock», a hemostatic agent
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Fig. 2. Ratio of intact neutrophils in a sample of isolated
neutrophils segregated from PVB and from blood of an ABC
after <Haemoblock» stimulation

process. In the study above neutrophils were exposed
to NETosis nonspecific antigen stimulator (Lactobacillus
reutri, L. acidophilius, L. rhamnosis, and Bifidobacteri-
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that only neutrophilic leu-
kocytes isolated from the
aneurysmal bone cyst gen-
erated NETs in response to
the incubation with a he-
mostatic agent. This fact
may be explained by the
fact that neutrophils seg-
regated from an ABC have
already had a pronetotic phenotype stipulated by their
long-term presence in the lesion with abnormal hemo-
circulation, and, as a consequence, a different cytokine
profile and the endothelium peculiarities. The impact of a
hemostatic agent on this particular group of neutrophils
leads to NETs formation. This is consistent with the evi-
dence of J. A. Fraser et al., who demonstrated various
effects of silver nanoparticles on different subpopula-
tions of neutrophils [19]. Therefore, NETs appearance
in the ABC cavity is considered an additional matrix for
platelet adhesion [20]. In case of no infectious process,
NETs can play a modulating role, providing intercellular
interaction and cell proliferation, including fibroblasts,
leading to ABC cavity closure as in wound healing [21].
In the meantime, in the presence of immunopathological
processes and NETs impaired clearance carried out by
macrophages, NETs themselves can act as a damaging
agent, effecting by their serine proteases on the pro-
teins of the intercellular matrix [22], leading to a longer
or ineffective healing process of ABC. At the same time,
in our study neutrophils generated only filamentous
NETs and almost no cloud-like NETs, probably asso-
ciated with the immunopathological process develop-
ment [23].

Conclusion. Neutrophils isolated from ABC, having
an increased ability to form NETs, can probably play

ABC PVC
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Fig. 3. Examples of visual fields of an isolated neutrophils sample segregated from peripheral venous blood and blood
from an aneurysmal bone cyst after stimulation with <Haemoblock», a hemostatic agent. Luminescence microscopy, x1000

a modulating role, providing intercellular interaction
and proliferation of cells, including fibroblasts, leading
to the closure of the cyst cavity after «<Haemoblock»
exposure used in cyst treatment. While examining the

blood samples obtained from a cyst cavity and analyzing
neutrophiltraps, it has been detected that NETs formation
is a positive dynamic process subsequently stipulated as
a substrate for osteoblasts formation.
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