
111

Medical news of north caucasus
2024. Vоl. 19. Iss. 2

МЕДИЦИНСКИЙ ВЕСТНИК СЕВЕРНОГО КАВКАЗА 
2024. Т. 19. № 2

8.	 Davidov M. I., Dyabkina O. V. Acute diseases of the scro-
tum organs of non-traumatic genesis in school-age children.  
Medical Almanac. 2016;2(42):87-90. 

9.	 Axelrov M. A., Minaev S. V., Razin M. P., Yusupov S. A., 
Tsap N. A. [et al.] Treatment of cryptorchidism in pediat-
ric surgical practice: a multicenter study. Urology Herald. 
2023;11(1):13-25. 

	 https://doi.org/10.21886/2308-6424-2023-11-1-13-25 

10.	 Adhikari S., Bhatta O. P., Bhetwal P., Awasthi S. Encysted 
spermatic cord hydrocele: A case series. Int. J. Surg. Case 
Rep. 2024;118:109619. 

	 https://doi.org/10.1016/j.ijscr.2024.109619

About authors:
Shamsiyev Jamshid Azamatovich, MD, DMSc, Professor, Chief;  
tel.: +998979100041; e-mail: shamsiyevja@mail.ru;  https://orcid.org/0000-0003-3751-2352

Khurramov Firdavs Abdusamatovich, PhD, resident;  
tel.: +998906551288; e-mail: hurramovfirdavs@gmail.com; https://orcid.org/0009-0004-6616-0637

Suvonkulov Uktamjon Tairovich, PhD, Associate Professor, deputy chief physician;  
tel.: +998979271708; e-mail: uktam_suvonkulov@mail.ru; https://orcid.org/0000-0001-5657-4060

Makhmudov Zafar Mamazhanovich, PhD, Head of the Department of General Surgery № 1;  
tel.: +998915420546; e-mail: Zafarebox@mail.ru; https://orcid.org/0000-0001-7511-8909

© Group of authors, 2024
UDC 616.71-006
DOI – https://doi.org/10.14300/mnnc.2024.19025
ISSN – 2073-8137

NETOSIS AS A PROCESS INVOLVED IN THE CONSOLIDATION  
OF ANEURYSMAL BONE CYSTS IN CHILDREN USING HEMOSTATIC AGENTS 
A. V. Pisklakov 1, D. G. Novikov 1, A. N. Zolotov 1, K. V. Palianov 1, 2,  
M. M. Korobeinikov 2, V. I. Ponomarev 1, A. G. Kalinichev 1, A. V. Lysov 1

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

Нетоз как процесс, участвующий в заживлении 
аневризмальной костной кисты у детей  
при применении гемостатического препарата
А. В. Писклаков 1, Д. Г. Новиков 1, А. Н. Золотов 1, К. В. Пальянов 1, 2, 
М. М. Коробейников 2, В. И. Пономарев 1, А. Г. Калиничев 1, А. В. Лысов 1

1 Омский государственный медицинский университет, Россия 
2 Областная детская клиническая больница, Омск, Россия 

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

Проведено исследование выраженности образования нейтрофильных внеклеточных ловушек (НВЛ) в культу-
ре нейтрофилов, полученной при лечении аневризмальных костных кист при использовании в качестве стимуля-
тора гемостатического раствора «Гемоблок» (Пуль-Сар, Истра, Российская Федерация). Всего в исследование  
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An aneurysmal bone cyst (ABC) is a destruc-
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. Lichtenstein in 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 

NETosis. It is 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 – 

вошло 128 детей с аневризмальными костными кистами (АКК) в возрасте от 6 до 15 лет. Из них 63 ребенка были 
оперированы радикально с проведением внутриочаговой резекции и последующей аллопластики, которые соста-
вили группу клинического сравнения. В основную клиническую группу вошло 65 детей: оперированные по методике 
малоинвазивного оперативного вмешательства (А)  – 35 детей и оперированные с проведением пункции и введе-
нием гемостатического препарата (В) – 30. У всех детей в основной клинической группе оценивали выраженность 
образования НВЛ ex vivo в культуре нейтрофилов, выделенных из крови, полученной при пункции кисты, и из пери-
ферической венозной крови.

Нейтрофилы, выделенные из кист, обладали статистически значимо высокой способностью к формированию 
НВЛ в сравнении с нейтрофилами из периферической венозной крови в ответ на стимуляцию гемостатическим пре-
паратом «Гемоблок». Нейтрофилы у этих пациентов формировали в основном нитевидные НВЛ. 

Таким образом, моделированное формирование НВЛ играет ведущую роль в обеспечении межклеточного взаи-
модействия и пролиферации клеток, в том числе фибробластов, приводя к закрытию полости аневризмальной кост-
ной кисты в детском возрасте.

Ключевые слова: аневризмальная костная киста, нетоз, нейтрофильные внеклеточные ловушки, гемостатик, 
дети
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NETs	–	neutrophil extracellular traps
PVB	 –	peripheral venous blood
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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 Aq 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 1/4 
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 μl. 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 χ2 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 NETs 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 
differences in the ratio of cloud-like NETs compared to 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 (χ2=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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process. In the study above neutrophils were exposed 
to NETosis nonspecific antigen stimulator (Lactobacillus 
reutri, L. acidophilius, L. rhamnosis, and Bifidobacteri-

um longum), which caused 
a more significant number 
of NETs formation. Howe- 
ver, in the present study, the 
neutrophil culture was incu-
bated with «Haemoblock», 
a hemostatic agent, which 
contains an incomplete sil-
ver salt of polyacrylic acid 
containing silver nanoparti-
cles. Its main mechanism of 
action is blood clotting with 
plasma proteins (mainly al-
bumin) [15]. At the same 
time, the drug components’ 
impact on immune cells is 
contrastively described. 
Polyacrylic acid inhibits in-
terleukin-8 production but 
activates the production 
interleukin-10 by macro-
phages [16], which ulti-
mately suppresses NETosis 
[17].

On the other hand, na-
noparticles can act as ac-
tivators for NETosis and 
apoptosis, and gold na-
noparticles coated with 
polyacrylic acid cause a 
pro-inflammatory response 
[18]. The results indicate 
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 

Fig. 1. Ratio of filamentous NETs, cloud-shaped NETs, 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

Fig. 2. Ratio of intact neutrophils in a sample of isolated 
neutrophils segregated from PVB and from blood of an ABC 

after «Haemoblock» stimulation
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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 
neutrophil traps, it has been detected that NETs formation 
is a positive dynamic process subsequently stipulated as 
a substrate for osteoblasts formation.

Disclosures: The authors declare no conflict of interest.
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