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ABSTRACT
Background. The healing of skin wounds having various etiologies is known to involve a mul-
tistep process characterized by certain intercellular interactions affecting dermal cells, their at-
tachment, migration, and differentiation. Here, recovery is interpreted as the return of dermis to 
its original state. The fact is, however, that the dermal extracellular matrix (ECM) is structurally 
impaired, which suppresses the regulatory and repository functions of the dermis, leading to 
the formation of a scar that inhibits several biological functions in the affected area and causes 
aesthetic problems associated with mobility.

Objectives. To evaluate the structural features of dermis during wound healing using a calci-
um-containing biodegradable implant.

Methods. The study used 60 rats that were infl icted with a third-degree burn injury (partially 
damaged dermis). The selected animals were divided into two groups: experimental and 
control. On post-burn day 14, a calcium-containing biodegradable implant was administered 
to rats from the experimental group, while a sterile saline solution was used in the control 
group. Material was sampled at two months (74 days) and four months (134 days). In order to 
assess the morphological state of the burn area, its sections were stained with hematoxylin 
and eosin, according to Mallory and Van-Gieson. For the selective detection of collagens, im-
munohistochemical tests using antibodies to collagen types I and III (Abcam, England) were 
employed. To characterize dermal cells, the authors used antibodies to vimentin (LabVision, 
USA), as well as to CD-68 (cluster of differentiation 68), α-SMA (alpha-smooth muscle actin), 
CD-105 (cluster of differentiation 105), and VEGF (vascular endothelial growth factor) recep-
tors (Abcam, England). The obtained results were processed using the Statistica 6 software 
(StatSoft, USA).

Results. The administration of a calcium-containing biodegradable fi ller during the burn 
healing process was found to ensure local fi broblast activation with the formation of colla-
gen types I and III. When the implant residence time was prolonged up to four months, an 
increase in the number of macrophages expressing CD-68 receptors was observed. Of note 
is that these cells retained their localization, while α-SMA-expressing cells were localized in 
both the superfi cial and deep dermal compartments. The number of cells expressing CD-105 
and VEGF rose as well.

Conclusion. The use of the biodegradable fi ller is found to be promising in terms of post-burn 
dermal regeneration, as well as providing a dermal ECM, whose collagen network composi-
tion and assembly are similar to the original. Here, macrophages act as the primary synthesis 
regulators of the dermal ECM and stimulate fi broblasts, which ensures re-epithelialization and 
angiogenesis of the infl icted area. 
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АННОТАЦИЯ
Введение. Известно, что заживление кожных ран различной этиологии — многосту-
пенчатый процесс, характеризующийся определенными межклеточными взаимодейст-
виями, влияющими на клетки дермы, их прикрепление, миграцию и дифференцировку. 
Этап восстановления его интерпретируется как возврат дермы к исходному состоянию. 
Однако на самом деле экстрацеллюлярный матрикс дермы имеет нарушенную органи-
зацию, что подавляет регулирующую и репозиторную функцию дермы, приводит к фор-
мированию рубца, который лишает участок повреждения ряда биологических функций 
и вызывает эстетические проблемы, связанные с мобильностью.

Цель исследования — оценить структурные особенности дермы при заживлении кож-
ных ран в условиях использования биодеградируемого кальцийсодержащего импланта.

Методы. Исследование выполнено на крысах (60 особей). Животным был нанесен ожог 
IIIа степени, затем животных разделили на 2 группы: опытная и контрольная. На 14-й 
день после нанесения ожога крысам опытной группы вводили биодеградируемый каль-
цийсодержащий имплант. В контрольной группе использовали стерильный физиологи-
ческий раствор. Материал забирали в сроки, соответствующие 2 месяцам (74-й день) 
и 4 месяцам (134-й день). Для оценки морфологического состояния зоны ожога срезы 
окрашивали гематоксилином и эозином, по Маллори и Ван-Гизону. Для избирательно-
го выявления коллагенов использованы иммуногистохимические тесты с антителами 
к коллагену І и ІІІ типов (Abcam, Англия). Для характеристики клеток дермы исполь-
зовали антитела к виментину (LabVision, США), а также рецепторам СD-68 (cluster of 
differentiation 68), α-SMA (alpha-smooth muscle actin), CD-105 (cluster of differentiation 105), 
VEGF (vascular endothelial growth factor) (Abcam, Англия). Обработку результатов осу-
ществляли с использованием программы Statistica 6 (StatSoft, США).

Результаты. Установлено, что введение биодеградируемого кальцийсодержащего 
филлера в срок, соответствующий процессу заживления ожога, обеспечивает локаль-
ную активацию фибробластов с образованием коллагена I и III типов. При пролонги-
ровании времени пребывания импланта до 4-х месяцев происходит увеличение числа 
макрофагов, экспрессирующих CD-68 рецепторы, причем клетки не меняют своей ло-
кализации, в то время как клетки, экспрессирующие α-SMA, локализуются на участке 
как поверхностного, так и глубокого компартментов дермы. Число клеток, экспрессиру-
ющих CD-105 и VEGF, также увеличивается.
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Заключение. Полученные данные позволяют считать, что использование биодегради-
руемого филлера представляется перспективным в аспекте регенерации дермы после 
ожога и может обеспечить получение экстрацеллюлярного матрикса дермы, имеющего 
состав и сборку коллагеновой сети, приближенной к исходной. Макрофаги выступают 
в роли главных регулировщиков синтеза экстрацеллюлярного матрикса дермы, стимули-
руют фибробласты, что обеспечивает реэпителизацию и ангиогенез зоны повреждения.

Ключевые слова: дерма, ожоговая рана, имплант, неоколлагеногенез, гидроксиапатит 
кальция, филлер

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

Для цитирования: Могильная Г.М., Фомичева Е.В., Мелконян К.И. Особенности зажив-
ления термической раны в условиях стимуляции неоколлагеногенеза: доклиническое 
экспериментальное рандомизированное исследование. Кубанский научный медицин-
ский вестник. 2022; 29(6): 53–66. https://doi.org/10.25207/1608-6228-2022-29-6-53-66
Получена: 22.03.2022
Получена после доработки: 29.08.2022
Принята к публикации: 30.09.2022

INTRODUCTION
The healing of skin wounds having various etiolo-

gies is known to involve a multistep process charac-
terized by certain intercellular interactions affecting 
dermal cells, their attachment, migration, and dif-
ferentiation [1–8]. In this case, the healing process 
comprises four successive stages: coagulation and 
homeostasis, infl ammation, proliferation, and re-
modeling [9–12].

The fi rst stage involves wound surface closure fol-
lowed by the formation of a fi brin plug and extracel-
lular matrix (ECM) by fi broblast cells. Here, recovery 
is interpreted as the return of dermis to its original 
state. The fact is, however, that the dermal ECM is 
structurally impaired, which suppresses the regula-
tory and repository functions of the dermis, leading 
to the formation of a scar that inhibits several biolog-
ical functions in the affected area and causes aes-
thetic problems associated with mobility [13–18].

Although current advances in biomaterial science 
and tissue engineering have yielded various skin 
substitutes, it remains to solve the specifi ed prob-
lems associated with the activation of repair rather 
than regeneration mechanisms [19–22].

The current strategy of tissue engineering advo-
cates the use of the patient’s cells in order to create 
in vivo vascularized ECM characterized by the ab-
sence of exogenous material, for it can trigger the 
process of physiological recovery [24–28].

The article aims to evaluate the structural fea-
tures of dermis during wound healing using a calci-
um-containing biodegradable implant.

METHODS

Experimental animals
The experiment used 60 male outbred rats weigh-

ing 250 ± 30 g that were provided by the Rappolovo 
Laboratory Animal Breeding Facility of the National 
Research Center Kurchatov Institute (NRC Kurcha-
tov Institute).

Accommodation and maintenance of animals
The animals were kept under observation at the 

vivarium laboratory of the Education Department 
of the Kuban State Medical University (KubSMU) 
where a standard food ration was provided with free 
access to food and water1.

Study design
A randomized controlled study was conducted us-

ing male rats infl icted with burn wounds as a model. 
The experiments were carried out at the Depart-
ment for Histology and Embryology of the Kuban 
State Medical University. The design of this study is 
presented in Fig. 1.

Sample size
The animals were divided into two groups: con-

trol (n = 30) and experimental (n = 30). All of them 
were infl icted with third-degree burn injuries (partial-
ly damaged dermis)2. Test subjects from the exper-
imental group were injected with a calcium-contain-
ing biodegradable fi ller (Radiesse, Germany), while 
those from the control group received a sterile 0.9% 
isotonic sodium chloride solution. The preparations 
were administered once at 14 days post burn, with 

1 GOST 33044-2014 Principles of Good Laboratory Practice approved by Order No. 1700-st (November 20, 2014) of the Federal 
Agency for Technical Regulation and Metrology
2 Pavlenko S.G., Shablin D.V., Khuranov A.A., Zobenko V.Ya., Evglevskii A.A. A device for modeling an experimental burn injury in 
animals. Utility patent No. 151026, registered on Feb. 11, 2015. Patent holders: Pavlenko S.G. and Shablin D.V.
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material sampled at two (74 days) and four months 
(134 days). Different residence times of the prepa-
ration in the dermis were used as a criterion for di-
viding the animals into subgroups. The subgroups 
were formed at two months (74 days) following drug 
administration, with 15 animals randomly allocated 
to each group (experimental and control).

Eligibility criteria
Inclusion criteria

Male outbred rats exhibiting no external signs of 
diseases and anatomical abnormalities were select-
ed for this experiment.

Exclusion criteria
No female subjects or subjects whose weight dif-

fered by more than 50 g were entered into the ex-
periment.

Removal criteria
If animals were to injure the implantation area at 

any stage of the study, wound abscess would also 
prevent them from further participating in the exper-
iment.

Randomization
The randomization was conducted using a closed 

envelope method. Taking the inclusion criteria into 
account, 60 rats were selected to be divided into 
two groups: experimental (30 animals) and control 
(30 animals).

Data anonymity assurance
We divided the animals into groups and analyzed 

the results without the input of other individuals.

Resulting indicators (outcomes) of the study
We primarily intend to assess the activation of der-

mal cells with them entering neocollagenogenesis, 
as well as the remodeling of dermal ECM in accor-
dance with the original matrix, as the result of using 
the calcium-containing biodegradable implant.

The criteria for ascertaining dermal activation 
which involves its cells entering neocollagenogen-
esis are as follows: presence of dendritic dermal 
fi broblasts exhibiting high expression of procolla-
gen, type III collagen, and vimentin; emergence of 
vimentin-positive structures in the connective tissue 

1 day

134 days

74 days

14 days

Division of animals into the control (n = 30) and experimental groups (n = 30). 
Infliction of a burn injury

Control group (n = 30)Experimental group  (n = 30) 

Administration of the preparation 

0.9% isotonic sodium chloride solution Calcium-containing 
biodegradable filler

Division into subgroups

CS 1 (n = 15) CS 2 (n = 15) ES 1 (n = 15) ES 2 (n = 15)

Removal of animals from the experiment. 
Material collection. Analysis of the obtained data

CS 2 (n = 15) ES 2 (n = 15)

Removal of animals from the experiment. 
Material collection. Analysis of the obtained data

Fig. 1. Schematic diagram of the research design
Note: CS1 — control subgroup 1; CS2 — control subgroup 2; ES1 — experimental subgroup 1; ES2 — experimental 
subgroup 2.
Рис. 1. Блок-схема дизайна исследования.
Примечание: КГ1 — контрольная подгруппа 1; КГ2 — контрольная подгруппа 2; ОГ1 — опытная 
подгруппа 1; ОГ2 — опытная подгруппа 2.
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matrix; macrophage migration into the burn area; 
emergence of cells having CD-68 and α-SMA recep-
tors in the superfi cial layer of the dermis.

Experimental procedures
Burn injuries were modeled by means of a brass 

cylinder having a surface area of 706 mm2 and 
weighing 300 g, which was heated to 100 degrees 
in boiling water. The cylinder was applied to the 
depilated skin of animals at the top of shoulders 
for 15 s, resulting in the formation of a third-de-
gree burn (partially damaged dermis). In this case, 
Sevorane inhalation anesthetic (Abbott, England) 
was used for anesthesia. The test subjects were 
then divided into two groups: experimental (30 
animals) and control (30 animals). As part of the 
experiment protocol, Radiesse was administered 
to rats in the experimental group at 14 days post 
burn. The fi ller was injected subdermally at a vol-
ume of 0.05 mL per experimental unit [29] at the 
border of visually defi ned intact skin. This day was 
considered the starting point of the experiment. 
In order to standardize preparation administration 
in the control group, a sterile saline solution was 
used; it was injected subdermally at a volume of 
0.05 mL per experimental unit.

Skin fragments collected from the center of the 
wound, as well as from intact skin areas at the 
wound periphery, were used as the subject matter 
in the study. The specifi ed biological material was 
sampled at two and two months. Tissue processing 
and embedding were performed in Tissue-Tek VIP-
5Jr. processors (Japan); the resulting paraffi n blocks 
were used to make 4–5 μm thick sections using an 
HM 340 E Rotary Microtome (MICROM Laborgerate 
GmbH, Germany).

In order to assess the morphological status of the 
burn area, the sections were stained with hematox-
ylin and eosin, according to Mallory, Van-Gieson, 
and Masson. For the selective detection of colla-
gens, immunohistochemical tests using antibod-
ies to collagen types I and III (Abcam, England) 
were used. To characterize dermal cells, we used 
antibodies to vimentin (LabVision, USA), as well 
as CD-68 (cluster of differentiation 68), α-SMA 
(alpha-smooth muscle actin), CD-105 (cluster of 
differentiation 105), VEGF (vascular endothelial 
growth factor) receptors (Abcam, England). The 
immunohistochemical tests were performed ac-
cording to the protocol using positive and negative 
controls to adjust the staining.

The obtained micropreparations were subject-
ed to visual examination in hematoxylin and eo-
sin stains according to Mallory, Van-Gieson, and 
Masson.

Care and monitoring of the animals
The animals were kept under observation while 

receiving a standard food ration with free access 
to food and water. No adverse effects were noted 
during the study. The test subjects were removed 
from the experiment using the most humane meth-
od according to World Animal Protection, i.e., by 
administering an anesthetic overdose (a dose three 
times the usual amount of the drug).

Statistical procedures

Principles behind sample size determination
The sample size was not determined in advance.

Statistical methods
A descriptive medical study was conducted for a 

series of cases, i.e., we used the calcium-containing 
biodegradable implant for several rats, achieving the 
activation of dermal cells with them entering neo-
collagenogenesis, which resulted in the remodeling 
of the dermal ECM in accordance with the original 
matrix. The sample size was determined according 
to the number of animals required for an adequate 
immunohistochemical study. In order to assess the 
statistical signifi cance of the difference between 
experimental parameters factoring in the effect 
produced by the calcium-containing biodegradable 
implant on the connective tissue in the context of 
thermal injury healing, we used the fourfold contin-
gency table method. In this case, the difference was 
considered signifi cant at p < 0.05. The obtained re-
sults were processed using the Statistica 6 software 
(StatSoft, USA).

RESULTS
The study of micropreparations sampled from the 

control group of animals at the fi rst day of eschar 
detachment, i.e., at 14 days post burn, indicates that 
the infl icted area is epithelialized; the epidermis has 
from three to fi ve cellular lines (even though poorly 
contoured); cell nuclei are vacuolated. The dermis 
comprises short, irregularly arranged collagen bun-
dles.

When stained using a standard set of conven-
tional histochemical reactions according to Mallo-
ry and Van-Gieson, the burn area of experimental 
animals containing fi ller in the dermis is typable as 
an implant with microspheres surrounded by a cap-
sule at two months of the fi ller residence. In the 
area above and below the implant, the dermis is 
organized as dense connective tissue. In the im-
munohistochemical detection of collagen type I 
(Fig. 2), the reaction reveals dermal fi broblasts in 
the form of dendritic cells exhibiting a high level of 
procollagen expression (indicated by the arrow in 
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the fi gure). These cells are localized in the deep 
dermal compartment.

When detecting type III collagen, a thin fibrillar 
network is typable in ECM with predominant lo-
calization in the superficial compartment. Fibro-
blasts showing high expression of type III colla-
gen are also observed here (Fig. 3, indicated by 
the arrow).

An analysis of the cellular composition of dermis 
in experimental animals as affected by the use of a 
biodegradable scaffold revealed that its residence in 
the dermis at two and four months can be interpret-
ed as the most active period of fi broblast stimulation 
in collagen synthesis. By this time, the proliferative 
stage is induced in the burn area involving the mi-
gration of macrophages that produce cytokines stim-
ulating fi broblast proliferation. This phase occurring 
in the context of contact between macrophages and 

fi broblasts can be regarded as a transduction signal 
between these cells.

At two months, immunohistochemical detection of 
vimentin revealed that the implant area is surround-
ed by a well-defi ned connective tissue capsule. 
Structures exhibiting a high level of vimentin expres-
sion are as follows: the wall of microspheres formed 
by thin vimentin-positive fi brils; large fi broblasts ex-
hibiting a high level of vimentin expression, as well 
as groups of cells located between microspheres; 
some of these cells (possibly macrophages) have 
a moderately active vacuolated cytoplasm (Fig. 4).

Cells exhibiting high vimentin expression can also 
be detected in the dermis outside the implant area 
(papillary layer, i.e., the superfi cial compartment of 
the dermis); these cells are small in size and spin-
dle-shaped.

The vimentin level increases at four months of the 
scaffold residing in the dermis; this phenomenon is 
observed for cells localized in the superfi cial com-
partment of the dermis, i.e., in the papillary layer, 
with some of these cells migrating to the epidermis. 
Typable cells grow in size, specifi cally cells border-
ing the epidermis, while the level of vimentin expres-
sion remains high.

A distribution study of cells expressing CD-68 re-
ceptors revealed that two months following Radiesse 
administration, CD-68-positive cells accumulate in 
large numbers in the superfi cial layer of the dermis. 
These cells are small and dendritic, exhibiting a 
moderate or even high level of CD-68 expression. 
In the implant area, a small number of CD-68-posi-
tive cells are detected, while a homogeneous mass 
exhibiting a high level of CD-68 expression can be 
observed inside the microspheres (Fig. 5).

When the implant residence time is prolonged 
up to four months, the migration of macrophages 
expressing CD-68 receptors is observed. Howev-
er, the cells retain their localization, colonizing an 
area of the superfi cial dermal compartment. The ap-
pearance of CD-68-positive macrophages may be 
associated with an increase in the height of dermal 
papillae. In the deep compartment, they are orga-
nized individually, retaining a high level of CD-68 
expression.

When identifying α-SMA two months following 
Radiesse administration, α-SMA-positive cells are 
detected in the area of the preserved implant: be-
tween the microspheres and in the area of the cap-
sule surrounding the implant (Fig. 6).

When the fi ller residence is prolonged up to four 
months, the implant is no longer present, with the 
cells expressing α-SMA localized in both the super-
fi cial and deep dermal compartments. Stress fi bers 

Fig 2. Dermis in the burn area  two months following the 
fi ller administration. Immunohistochemical staining for 
type I collagen (×400 magnifi cation).
Рис. 2. Участок дермы в зоне ожога через 2 ме-
сяца после введения филлера Иммуногистохи-
мическая окраска на коллаген I типа. Увеличение 
×400.

Fig 3. Dermis in the burn area  two months following the 
fi ller administration. Immunohistochemical staining for 
type III collagen (×400 magnifi cation).
Рис. 3. Участок дермы в зоне ожога через 2 меся-
ца после введения филлера. Иммуногистохими-
ческая окраска на коллаген III типа. Увеличение 
×400.
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exhibiting high α-SMA levels can also be observed 
(Fig. 7).

A distribution analysis of the CD-105 marker, 
which acts as a cell proliferation regulator, re-
vealed that a small number of CD-105-positive 
cells emerge in the superfi cial compartment of the 
dermis two months following Radiesse administra-
tion. CD-105-positive cells are small and dendrit-
ic, exhibiting low-to-medium levels of expression. 
With the prolonged residence of the fi ller in the der-
mis, an increase is observed in the density of this 
receptor on the membrane of some cells located in 
the deep dermal compartment. It is possible that 
these large cells exhibiting a high level of CD-105 
expression can regulate the functional activity of 
tissue macrophages.

When identifying cells expressing VEGF receptors 
during the fi rst two months of implant residence, the 
number of these cells rises in all areas of the deep 
and superfi cial compartments. In some cases, such 
cells are primarily localized in the superfi cial com-
partment. At four months, the number of VEGF-ex-
pressing cells increases dramatically in both the 
superfi cial and deep dermal layers. In the papillary 
layer, the cells are small, whereas in the deep com-
partment area, the cells are large and dendritic. The 
level of VEGF expression is moderate in the cells 
of the superfi cial compartment and intensive in the 
deep compartment.

Tables 1 and 2 present the results of analyzing 
the primary outcomes of the experiment at two and 
four months in terms of how the calcium-containing 
biodegradable implant affects the connective tissue 
in the context of thermal injury healing.

DISCUSSION
Interpretation/scientifi c merit

The current strategy of tissue engineering using 
the patient’s endogenous cells to create an in vivo 
ECM similar to the original matrix could provide an 
alternative to skin repair in the post-burn healing 
process. This approach can reduce the difference 
between reparative and healthy tissue.

Research limitations
Not identifi ed.

Generalizability/extrapolation
Thus, the obtained data indicate that the admin-

istration of a biodegradable fi ller during the burn 
healing process, i.e., at 14 days following the wound 
infl iction, ensures local fi broblast activation. This 
phenomenon is related to the well-known neocollag-
enogenesis-inducing properties of a calcium-con-
taining fi ller. The fi ller is characterized by biodeg-

radation involving the formation of calcium and 
phosphorus ions followed by the utilization of these 
substances; of note is that the prolonged effect of 
neocollagenogenesis for dermal cells (specifi cally 
for fi broblasts) is maintained with the formation of 
both collagen type I and III. The synthesized colla-
gen serves as the foundation for dermal cells rec-
reating the effect of a stiff and porous frame, which 
ensures an assembly of the de novo synthesized 
ECM.

In the burn wound healing process, macro-
phages are considered to act as the primary reg-
ulators that activate fibroblasts, keratinocytes, 
and endothelial cells. They serve as grafts, reg-
ulators of dermal ECM synthesis, as well as se-

Fig. 4. Dermis in the burn area  two months following the 
fi ller administration. 1 — microsphere wall formed by 
thin vimentin-positive fi brils; 2 — vimentin-positive cells. 
Immunohistochemical reaction (x400 magnifi cation).
Рис. 4. Участок дермы в зоне ожога через 2 месяца 
после введения филлера. 1 — стенка микросфер, 
сформированная тонкими виментин-положи-
тельными фибриллами; 2 — виментинположи-
тельные клетки. Иммуногистохимическая реак-
ция. Увеличение ×400.

Fig. 5. Dermis in the burn area. CD- 68+ macrophages 
(indicated by the arrows) in dermal cells two months fol-
lowing the fi ller administration. Immunohistochemical 
reaction (x400 magnifi cation).
Рис. 5. Участок дермы в зоне ожога. CD-68+ ма-
крофаги (обозначено стрелками) в клетках дер-
мы через 2 месяца после введения филлера. Им-
муногистохимическая реакция. Увеличение ×400.
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creting various growth factors that promote the 
proliferation and migration of fibroblasts, thus en-
suring the re-epithelization and angiogenesis of 
the inflicted area.

The revealed dynamics of fi broblasts in the in-
fl icted area can yield a dermis having collagen 
network composition and assembly characteristic 
of that in vivo. In this context, the normalization of 
intercellular communication in the dermis can also 
be expected.

The final stage of burn wound healing involves 
dermal remodeling, with the formation of a fibrous 
capsule. The granulation tissue fibroblasts are 
activated and acquire α-SMA expression, which 
indicates the transition of these cells into myo-
fibroblasts. The contractile activity of cells leads 

to an increase in the stiffness and mechanical 
stress of the ECM. The relatively low density of 
this marker in dermal cells found in the studied 
areas suggests that the transition of fibroblasts 
into myofibroblasts occurs gradually here, which 
may indicate dermal remodeling without rough 
scar formation.

The current strategy of tissue engineering using 
the patient’s endogenous cells to create an in vivo 
ECM similar to the original matrix may provide an al-
ternative to skin repair in the post-burn healing pro-
cess. At any rate, this approach would probably re-
duce the distinction between reparative and healthy 
tissue. The use of endogenous fi broblasts for ECM 
synthesis in the lesion area can yield dermis having 
collagen network composition and assembly char-
acteristic of the in vivo dermis. In this case, it can be 
expected that communications between such cells 
as fi broblasts, macrophages, and keratinocytes will 
also be properly regulated.

In the process of dermal regeneration, the most 
promising approach involves activating the syn-
thesis of collagen, which serves as a frame for 
dermal cells. By creating a stiff or porous frame 
effect, it is possible to control the assembly of 
the de novo synthesized EMC. This factor can 
bring the properties of the synthesized dermis 
into compliance with those of the patient’s skin, 
minimizing, or at least decreasing, the structural 
differences between the restored dermis and the 
surrounding skin.

When using various skin substitutes in the treat-
ment of thermal injuries, the regulatory role of en-
dogenous cell-derived ECM is compromised since 
growth factors synthesized by fi broblasts are not 
provided to other cell types (such as keratinocytes 
and endothelial cells) as usual, with a disruption of 
intercellular signal transduction. This fact primarily 
affects the formation of the boundary between the 
dermis and the epidermis.

Tissue-engineered skin is known to form a fl at der-
mal-epidermal border. When fi broblasts are used to 
synthesize endogenous ECM, a profi le of the ridge 
is formed, having epithelial invaginations and follicu-
lar structures, which are typical for the physiological 
dermal-epidermal border.

CONCLUSION
Thus, the innovative idea consists in allowing 

old fi broblasts to partially restore their functions, 
while modifying molecular indicators of biological 
age in a group of cells newly emerged in the pro-
cess of mitosis. This approach may well ensure 
ECM modulation yielding a dermis similar to that 
available. 

Рис. 6. Участок дермы в зоне ожога. α-SMA+ 
клетки через 2 месяца после введения филлера. 
1 — микросферы 2 — α-SMA+ клетки. Иммуноги-
стохимическая реакция. Увеличение ×400.
Fig. 6. Dermis in the burn area. α- SMA+ cells two 
months following the fi ller administration. 1 — micro-
spheres 2 — α-SMA+ cells. Immunohistochemical re-
action (x400 magnifi cation).

Рис. 7. Участок дермы в зоне ожога. α-SMA+ 
клетки (обозначено стрелками) через 4 месяца 
после введения филлера. Иммуногистохимиче-
ская реакция. Увеличение ×400.
Fig. 7. Dermis in the burn area. α-SMA + cells (indicated 
by the arrows) four months following the fi ller adminis-
tration. Immunohistochemical reaction (x400 magnifi -
cation).
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Table 1. Number of animals providing pr imary outcomes in groups and their percentage depending on the group 
(observation period of two months)
Таблица 1. Количество животных с основными исходами в группах и их доли в зависимости от группы 
(срок наблюдения 2 месяца)

Groups of test animals
Animals providing the primary 

outcome Signifi cance level, p
abs. percentage

Experimental (n = 15) 12 80 0.026Control (n = 15) 6 40
Note: The diff erence is signifi cant at p < 0.05.
Примечание: различие значимо при р < 0,05.

 Table 2. Number of animals providing primary outcomes in groups and their percentage depending on the group 
(observation period of four months)
Таблица 2. Количество животных с основными исходами в группах и их доли в зависимости от группы 
(срок наблюдения 4 месяца)

Groups of test animals
Animals providing the primary 

outcome Signifi cance level, p
abs. percentage

Experimental (n = 15) 14 93 0.031Control (n = 15) 9 60
Note: The diff erence is signifi cant at p < 0.05.
Примечание: различие значимо при р < 0,05.
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