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the results of three-year research on the use of allogeneic mesenchymal stem cells of adipose tissue (AMSCs) in 
the treatment of skin burns of II-III degree are presented. in a complex with wounds dressing of nanofibers chitosan 
and copolyamide, hyaluronic acid. It was found that with surgical necrectomy, introduction of AMSCs and substitu-
tion of defects with natural polymer coatings, the healing time is reduced by 89% (p < 0.05). Isolated administra-
tion of MSC reduces the healing period by no more than 5% (p > 0.05). the combined use of wounds dressings of 
nanofibers chitosan and copo lyamide with MSC accelerates the regeneration process by 26% (p < 0.05), with the 
introduction of AMSCs accelerating the development of granulation tissue by the fifth day of observation by 83% 
(p < 0.01). Joint use of wound coverings on the basis of hyaluronic acid with AMSCs is accompanied by an increase 
in the number of vessels of the microcirculatory bed in the defect area by 185% (p < 0.01). Clinical evaluation of 
the effectiveness of drugs with stem cells  – a  gel for topical application and a suspension of MSC LC for injection 
administration demonstrate their ability to optimize regeneration in  the burn zone. Application of gel with AMSCs 
reduces the duration of epithelialization of border (dermal) burns by 2.2-2.4  times, with the final healing period 
being reduced by 59% (p < 0.01) and the suppuration frequency by 30%  (p < 0.05). the introduction of a suspension 
of AMSCs into the zone of deep burn increases the frequency of engraftment of autografts, stimulates angiogenesis 
and proliferation of fibroblasts in the superficial and deep layers of the dermis. In the area of MSC administration, 
the LC perfusion level and the amplitude of blood flow fluctuation are twice as high as the values in the zones 
without the introduction of cells.

Keywords: skin burns; treatment results; wound regeneration; wound coverages; skin restoration; new technologies; 
mesenchymal stem cells; aliphatic copolyamide; chitosan; chitin nanofibrils; hyaluronic acid.
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Приведены результаты трехлетних исследований по применению аллогенных мезенхимальных стволовых 
клеток жировой ткани (МСК ЖТ) при лечении ожогов кожи II–III степеней, в том числе в комплексе с ране-
выми покрытиями из нановолокон хитозана и сополиамида, гиалуроновой кислоты. Экспериментальная часть 
исследования выполнена с участием 48 крыс-самцов линии Wistar-Kyoto массой 230–250 г. Установлено, что 
при хирургической некрэктомии, введении МСК ЖТ и аппликации на поверхность дефектов покрытий из 
природных полимеров сроки заживления сокращаются на 89 % (p < 0,05). Изолированное введение МСК ЖТ 
способствует сокращению периода заживления не более чем на 5 % (p > 0,05). Совместное использование 
раневых покрытий из нановолокон хитозана и сополиамида с МСК ЖТ ускоряет процессы регенерации на 
26 % (p < 0,05), при этом введение МСК ЖТ ускоряет развитие грануляционной ткани на 83 % (p < 0,01). 
Совместное использование раневых покрытий на основе гиалуроновой кислоты с МСК ЖТ сопровождается 
увеличением числа сосудов микроциркуляторного русла в области дефекта на 185 %  (p < 0,01). Клиническая 
оценка эффективности препаратов со стволовыми клетками  — геля для местного применения и суспензии 
МСК ЖК для инъекционного введения  — демонстрирует их способность стимулировать регенерацию в зоне 
ожога. Аппликация геля с МСК ЖТ ускоряет эпителизацию пограничных (дермальных) ожогов в 2,2–2,4 раза, 
при этом окончательный срок заживления сокращается на 59 % (p < 0,01) и частота нагноения снижается на 
30 % (p < 0,05). В  области введения МСК ЖК уровень перфузии и амплитуда колебания кровотока в два раза 
выше величины показателей в зонах без введения клеток. Наряду с этим введение суспензии МСК ЖТ в зону 
глубокого ожога повышает частоту приживления аутотрансплантатов, стимулирует ангиогенез и пролиферацию 
фибробластов в поверхностных и глубоких слоях дермы. К 7-м сутками после инъекции МСК ЖТ экспрессия 
маркеров пролиферации эпителиальных и соединительнотканных клеточных линий достигает 460 % (p < 0,05) 
по сравнению с нормой, при этом экспрессии маркеров программированной клеточной гибели (апоптоза) не 
выявлено.

Ключевые слова: ожоги кожи; результаты лечения; регенерация ран; раневые покрытия; восстановление кожного по-
крова; новые технологии; мезенхимальные стволовые клетки; алифатический сополиамид; хитозан; нанофибриллы 
хитина; гиалуроновая кислота.

INTRODUCTION
In the Russian Federation, up to half a million 

patients suffering from burns are registered each year. 
Of these, around one in ten have deep lesions; in 
one in seven or eight, the burns cover an area, ex-
ceeding 20 % of the body surface. Mortality for deep 
burns is about 15 % with no tendency to decrease [2]. 

The treatment of patients with serious burns is one of 
the most difficult tasks of surgery. At present, a wide 
range of tools and techniques are available to com-
bustologists (burn specialists); nevertheless, in the vast 
majority of the cases of burns (up to 99 %), various 
methods of skin grafting are still used for restoring 
the skin. Skin grafting is categorized according to the 
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principle of its implementation, taking into account 
the type of grafts and flaps used [12].

There has been a gradual introduction of biotech-
nological restoration of the skin to treat burns both 
in the Russian Federation and abroad [1, 38, 39]. Au-
tologous skin cells grown in vitro were first used by 
Medawar et al. [9, 37] with subsequent development in 
studies on the transplantation of cultures of keratino-
cytes, fibroblasts, dermal equivalents, hysteobioplastic 
materials, and scaffolds (three-dimensional matrices 
based on natural polymers with living cells, which 
undergo slow destruction or resorption) as well as cul-
tures of allogeneic and autologous stem cells [1, 34]. 
The development and application of artificial organs, 
tissues, and scaffolds are considered a priority for 
regenerative medicine. All of these methods acceler-
ate reparative regeneration in the transplantation zone 
because of both the cellular elements (primarily the 
adipose tissue mesenchymal stem cells) and products 
of polymer degradation [11, 14].

Stem cells are immature cell units capable of di-
vision and differentiation into the specialized cells 
of various organs and tissues [18, 33]. Based on the 
source, stem cells can be embryonic or tissue-specif-
ic (such as mesenchymal and epidermal stem cells). 
A characteristic of embryonic stem cells is their high 
differentiation potential and their ability to act as a 
source of virtually any type of body cell. However, 
there are a number of difficulties associated with ob-
taining embryonic stem cells including ethical restric-
tions [11, 30]. In addition, controlling their status to 
avoid the risk of their degeneration into tumor forma-
tion also causes difficulties. Researchers are currently 
focusing on the possibility of using mesenchymal stem 
cells (MSCs) isolated from sources, such as bone mar-
row, adipose tissue, the liver, and the spleen. However, 
not all of these sources of MSCs are equally available; 
for example, obtaining red bone marrow stem cells 
requires aspiration biopsy, which is an invasive and 
quite painful procedure [25, 26, 28, 29].

The most promising source for MSCs is adipose 
tissue, which provides a safe, superficial source of cell 
cultures [4, 5, 8]. Adipose tissue is widely distributed 
in the human body and is conveniently located for 
allowing a significant amount of adipose tissue mes-
enchymal stem cells (ATMSCs) to be obtained in a 
single-step procedure with low trauma. A single gram 
of adipose tissue can contain up to 2 × 106 cells, 90 % 
of which are suitable for a heterogeneous population 
for in vitro cultivation and differentiation into cells of 
different lines including adipogenic, osteogenic, chon-
drogenic, and myogenic lines. ATMSCs are able to 
form ten times more colony-forming units than MSCs 
from bone marrow [37].

The unique immune profile of ATMSCs makes 
them attractive for transplantation. Because of their 
immunological characteristics, they show no expres-
sion of the main complex molecules of class II his-
tocompatibility, so they are less immunogenic than 
other cell populations [24, 35]. In addition, ATMSCs 
have immunomodulatory properties that reduce the 
risk of graft rejection in graft versus host disease, 
and they exhibit genetic stability during long-term 
cultivation procedures [13, 21, 23, 24, 26, 36]. AT-
MSCs can also inhibit the proliferation of activated 
T-cytotoxic lymphocytes and regulate the production 
of proinflammatory cytokines by T-helpers [15–17, 
27, 31].

Local and systemic routes of delivery of MSCs to 
the zone of tissue defect have been proposed. Howev-
er, aspects of the administration of stem cells into the 
vascular bed remain controversial. When Muehlberg 
et al. administered ATMSCs intravenously to mice 
with induced sarcoma, they observed an accumula-
tion of these cells in the neoplasm, which accelerated 
the division of tumor cells [25, 32]. Conversely, an 
in vivo study showed that ATMSCs expressed cytosine 
deaminase, which has a suppressive effect on tumor 
cells [20].

Allogeneic MSCs for therapeutic purposes can be 
used both in isolation and in combination. Studies of 
the joint transplantation of ATMSCs and Langerhans 
islets for the treatment of diabetes mellitus showed 
that the ATMSCs contributed effectively to the en-
graftment and revascularization of pancreatic donor 
islets [14, 19]. The results of all the studies described 
seem extremely promising for burns treatment. In ad-
dition, a number of authors believe that the efficiency 
of grafting can be improved by the combined use of 
ATMSCs and allo- or xeno-skin grafts when there is 
a deficit of donor resources [3, 7].

ATMSCs have been shown to stimulate neovascu-
larization in response to hypoxia [19]. Their angio-
genic potential was demonstrated using a model of 
limb ischemia in animals; an intravenous administra-
tion of a suspension of stem cells resulted in acceler-
ated tissue repair. Histological examination following 
the administration of ATMSCs confirmed an increase 
in the number of microvessels and a decrease in the 
atrophy of striated myocytes in the area where they 
were administered [18].

The possibility and feasibility of using ATMSCs 
and products based on them for treating serious burns 
has been studied by various researchers, including 
Peng Liu, A.I. Kolesnikova, K.V. Kotenko, Liang Xue, 
and others [10, 22, 28]. In particular, Kolesnikova 
et al. have proposed a regeneration composition that 
contains at least 105 cells/ml of human bone mar-



◆ Педиатр. 2018. Т. 9. Вып. 4 / Pediatrician (St. Petersburg). 2018;9(4)  eISSN 2587-6252 

ORIGINAL StUDIES / оригинальные сТаТьи 15

Fig. 1. Stage of injection of a suspension of adipogenic mesen-
chymal stem cells subfascially in the area of skin burn 
of III degree

Рис. 1. Этап введения суспензии адипогенных мезенхимных 
стволовых клеток субфасциально в область ожога кожи 
III степени

row MSCs. 1 A disadvantage of this method is the 
use of human red bone marrow as the source of the 
stem cells, which requires a highly complex process. 
A cell preparation based on multipotent mesenchymal 
stromal cells has been developed for the treatment of 
radiation burns of the skin for local infiltrative admin-
istration into the zone of the lesion [10].

Liu et al. have used an animal model to evalu-
ate wound dressings containing MSCs [22]. A deep 
skin burn was reproduced in rats and treated using 
MSCs, comparing the outcome with the effect of us-
ing a collagen scaffold without stem cells. At the end 
of the first month of observation, there was contrac-
tion and a reduction in the area of the wound lesion 
by 50 % in the animals treated with MSCs, whereas 
the reduction was only 20 % in the group of animals 
without treatment. Histological studies demonstrated 
that the use of stem cells stimulated angiogenesis; at 
fourth week, biopsy samples of the wounds treated 
with MSCs showed a 21 % increase in the number of 
newly formed microvessels (p < 0.05) [22].

Xue et al. injected MSCs isolated from bone mar-
row into burn lesions in mice, resulting in a decrease 
by 38 % of the wound surface area after one week 
(p < 0.05), with the total area of the burn decreasing 
by 68 % by the end of second week (p < 0.05) [28]. 
In addition, the administration of MSCs increased an-
giogenesis in the affected area.

From these reports, it can be concluded that there 
is no consensus on the feasibility of using MSCs in 
burns treatment. This remains a matter of discussion 
and serves as an incentive for further research.

MATERIALS AND METHODS
This study comprised two parts. The first tested 

ATMSCs in an animal model and the second involved 
clinical tests with burns patients.

The animal experiment used 48 male Wistar Kyoto 
rats weighing 230–250 g. All manipulations were per-
formed under inhalation anesthesia (using ether) and 
under aseptic conditions.

Third-degree skin burns (ICD10) with an area of 
10 % of the body surface were produced using our 
own original method. Stem cells were isolated and 
cultivated from the subcutaneous fatty tissue of rats 
in the Polymeric Materials for Tissue Engineering 
and Transplantology Laboratory of Peter the Great 
St. Petersburg Polytechnic University. The fifth pas-
sage of the cells was used for administration in the 
experiments.

The animals were divided into six groups accord-
ing to the method of treatment. In group I, the agents 

1 Patent No. 2455354 of the Russian Federation, December 29, 2010.

were applied immediately after the burn; in groups 
II, III, IV, and V, this was preceded by necrectomy. 
Group VI, the control group, did not receive treat-
ment.

In group I, 4 ml of a suspension of ATMSCs 
(1 × 106 cells/ml) was administered 60 min after the 
burn by injection under the eschar (Fig. 1). In groups 
II and III, necrectomy was performed and then 4 ml 
of the ATMSC suspension was injected under the 
fascia of the back. The lesion was then closed with 
wound dressings based on either a hyaluronic acid 
hydrogel (G-group, Russian Federation) or chitosan-
copolyamide (Institute of High Molecular Compounds 
of the Russian Academy of Sciences, Russian Fe-
deration). The same wound dressings were used in 
groups IV and V, but without the prior administra-
tion of ATMSCs. In group VI, the control group, the 
wounds were not treated.

The effectiveness of the treatment was evaluated 
daily. The wounds were inspected and photographed, 
and the nature of the discharge, the presence and type 
of granulations, any eschar rejection, and epithelization 
were recorded. The area of the wound was measured 
using the planimetric method of L.N. Popova, and the 
index of healing was calculated. Biopsy samples for 
histological examination were obtained on days 3, 7, 
12, 15, 21, 28, and 60. Paraffin sections were stained 
with hematoxylin and eosin and examined under light 
microscopy.

The clinical part of the study included two stages 
to study the efficacy and safety of two biomedical 
cell products based on ATMSCs: Collagen–Cell Com-
plex Product (CCCPTM) and Multipotent Mesenchymal 
Stromal Cells (MMSCTM). The first preparation is a 
collagen biodegradable gel that includes a suspension 
of multipotent human mesenchymal stromal cells. 
The second preparation contains multipotent human 
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Groups of research /
Группы исследования

Term of healing, 
days / 

Срок заживле-
ния, сутки

Rumen area at 
60th day, cm2  / 

Площадь рубца 
на 60-е сутки, 

см2

Control group (no treatment) / Контрольная группа (без лечения) 59.1 ± 2.3 4.5 ± 1.9
AMSC without necrectomy and application of wound dressings / 
АМСК, без некрэктомии и аппликации раневых покрытий 57.4 ± 1.9 3.0 ± 1.1

AMSC after necrectomy and application of chitosan-copolyamide wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий хитозан-сополиамида 44.3 ± 1.2 1, 2, 3 1.2 ± 0.7

AMSC after necrectomy and application of hyaluronic acid wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий гиалуроновой кислоты 47.2 ± 1.5 1, 2 0.8 ± 0.9

Necrectomy and application of chitosan-copolyamide wound dressings /
Некрэктомия, аппликация раневых покрытий хитозан-сополиамида 51.7 ± 1.7 1 2.5 ± 1.5

Necrectomy and application of hyaluronic acid wound dressings /
Некрэктомия, аппликация раневых покрытий гиалуроновой кислоты 54.2 ± 1.1 2.0 ± 1.3

Note: 1 significant (p < 0.05) in comparison with the control group (without treatment); 2 significant (p < 0.05) in comparison with the 
results of the introduction of AMSC without necrectomy and application of wound dressings; 3 significant (p < 0.05) in comparison 
with results of performance of a necrectomy with application of wound dressings of hyaluronic acid without AMSC; AMSC – adipo-
genic mesenchymal stem cells.
Примечание: 1 достоверно (p < 0,05) по сравнению с контрольной группой (без лечения); 2 достоверно (p < 0,05) по сравнению 
с результатами введение АМСК без некрэктомии и аппликации раневых покрытий; 3 достоверно (p < 0,05) по сравнению 
с результатами выполнения некрэктомии с аппликацией раневых покрытий гиалуроновой кислоты без АМСК; АМСК — 
адипогенные мезенхимальные стволовые клетки

Table 1 (Таблица 1)
Planimetric evaluation of treatment results for experimental wounds
Планиметрическая оценка результатов лечения экспериментальных ран

mesenchymal stromal cells cultured in vitro in a to-
tal concentration of (5.0 + 0.25) × 106 cells. The study 
included 30 patients with second- or third-degree der-
mal burns, divided into three groups of 10 patients. 
In groups I and II, CCCPTM gel was applied twice 
at concentrations of either 0.05 ml/cm2 (group I) or 
0.1 ml/cm2 (group II); in group III, the control group, 
Ointment Levomekol was applied instead. MMSCTM 
was administered twice to patients with severe burns 
after early necrectomy and simultaneous subfascial au-
todermografting around the perimeter of the wound, 
to the depth of the wound lesion, at equal distances 
from each other, fractionally, at 0.05 ml/cm2 of the 
wound area. This technique was approved by the local 
ethics committee.

Objective and subjective data describing the pa-
tient’s condition and laboratory parameters were re-
peatedly evaluated; these included the leve of pain, 
thermometry, blood pressure, heart rate, total blood 
and urine analyses, and levels of glucose, bilirubin, 
alanine aminotransferase, aspartate aminotransferase, 
creatinine, and urea. The healing time, frequency of 
wound suppuration, and degree of engraftment of skin 
grafts were recorded, and the wound surface area was 
measured by applying a planimetric method. In ad-
dition, a microbiological examination of the inocu-
lation, histological examinations of biopsy samples, 
and a histochemical analysis of proliferation markers 

(EGFR, Ki 67) and apoptosis (bcl2, p53) were per-
formed. The condition of the wound after ATMSC 
transplantation was evaluated using Doppler flowm-
etry (LAKK Apparatus, Russian Federation).

The results obtained were processed in accordance 
with generally accepted methods of variation statistics. 
A value of p < 0.05 was considered to indicate statisti-
cal significance.

RESULTS AND DISCUSSION
Table 1 shows the timing of the final healing of 

the experimental wounds, compared between the six 
animal treatment groups. The wound healing time for 
the control group was 59 days, and the area of scarring 
at that time was 4.5 cm2. The fastest wound healing 
time, 44 days, was found in the group treated with 
necrectomy followed by the administration of ATMSC, 
supplemented with the application of wound dressings 
based on chitosan-copolyamide. The healing time was 
15 days less than that for the control group (p < 0.05). 
This group also showed the smallest area of scarring 
at day 60 (0.8 cm2). In comparison, the group that 
underwent necrectomy, the administration of ATMSC, 
and the application of wound dressings based on hy-
aluronic acid had a wound healing time of 47 days 
and an area of scarring on day 60 of 1.2 cm2. In the 
groups that did not receive ATMSC but were treated 
only with the application of wound dressings of hy-
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Table 2 (Таблица 2)
Number of vessels of microcirculatory bed in granulation tissue at 60th day
Число сосудов микроциркуляторного русла в грануляционной ткани на 60-е сутки

Groups of research /
Группы исследования

The number of microvessels, 
units in sight /

Количество микрососудов,  
ед. в поле зрения

Control group (no treatment) /  
Контрольная группа (без лечения) 13 ± 1

AMSC without necrectomy and application of wound dressings / 
АМСК, без некрэктомии и аппликации раневых покрытий 10 ± 2

AMSC after necrectomy and application of chitosan-copolyamide wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий хитозан-сополиамида 26 ± 3 1, 2

AMSC after necrectomy and application of hyaluronic acid wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий гиалуроновой кислоты 37 ± 4 1, 2, 3

Necrectomy and application of chitosan-copolyamide wound dressings /
Некрэктомия, аппликация раневых покрытий хитозан-сополиамида 26 ± 3 1, 2

Necrectomy and application of hyaluronic acid wound dressings /
Некрэктомия, аппликация раневых покрытий гиалуроновой кислоты 28 ± 1 1, 2

Note: 1 significant (p < 0.05) in comparison with the control group (without treatment); 2 significant (p < 0.05) in comparison with 
the results of the introduction of AMSC without necrectomy and application of wound dressings; 3 significant (p < 0.05) in com-
parison with results of performance of a necrectomy with application of wound dressings of hyaluronic acid without AMSC; 
AMSC – adipogenic mesenchymal stem cells.
Примечание: 1 достоверно (p < 0,05) по сравнению с контрольной группой (без лечения); 2 достоверно (p < 0,05) по сравне-
нию с результатами введение АМСК без некрэктомии и аппликации раневых покрытий; 3 достоверно (p < 0,05) по срав-
нению с результатами выполнения некрэктомии с аппликацией раневых покрытий гиалуроновой кислоты без АМСК; 
АМСК — адипогенные мезенхимальные стволовые клетки

aluronic acid and chitosan-copolyamide, the healing 
times were 54 and 51 days, respectively, which were 
9 % (p > 0.05) and 13 % (p < 0.05) less than in the 
control group.

Table 2 summarizes the histological examination of 
wound biopsy samples obtained on day 60. The high-
est number of blood vessels in the microvasculature 
in granulation tissue (37 microvessels in the field of 
vision) was observed in the animals treated with ne-
crectomy, ATMSCs, and hyaluronic acid-based dress-
ings (p < 0.05). Those treated with necrectomy, AT-
MSCs, and dressings based on chitosan-copolyamide 
had 26 microvessels, 3.6 times the number for the 
animals treated only with ATMSCs without dress-
ings (p < 0.05). The application after necrectomy of 
only the dressings based on natural polymers (hya-
luronic acid and chitosan-copolyamide) contributed 
to the stimulation of angiogenesis, resulting in about 
double the number of microvessels than in the con-
trol (p < 0.05). The smallest number of vessels in the 
field of vision (10 microvessels) was observed in the 
group of animals treated only with ATMSCs without 
necrectomy.

The thickness of coarse fibrous connective tissue 
in the scar area also varied according to the treat-
ment (Table 3). The greatest thickness (2002.1 μm) 

was observed in the group of animals treated with 
ATMSCs without necrectomy. Using ATMSCs in com-
bination with the natural polymer dressings resulted 
in granulation tissue an average of 1.66 times thicker 
than that of the control group (p < 0.05). The appli-
cation of only chitosan-copolyamide-based wound 
dressings after necrectomy resulted in the newly 
formed granulation tissue being 1676.2 μm thick, 
which was 35 % thicker than that of the control group 
animals.

A microbiological study of wound discharge on 
day 7 found the minimum level of microorganism 
vegetation in the group of animals treated with ne-
crectomy, ATMSCs, and wound dressings based on 
chitosan-copolyamide (Table 4). Moderate growth of 
pathogenic microflora was observed in the animals 
treated with necrectomy, ATMSCs, and dressings 
based on hyaluronic acid as well as in those treated 
only with the application of the dressings. The highest 
growth of microflora was observed in those treated 
with ATMSCs without necrectomy.

The first stage of the clinical study involved an 
in-depth assessment of the efficacy and safety of the 
local application of the CCCPTM gel with ATMSCs to 
the dermal burn zone. The time taken until the final 
healing of the burn wounds was one of the primary 
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Groups of research /
Группы исследования

Thickness of fabric, mkm /
Толщина ткани, мкм

Control group (no treatment) /  
Контрольная группа (без лечения) 1090.4 ± 149.7

AMSC without necrectomy and application of wound dressings / 
АМСК, без некрэктомии и аппликации раневых покрытий 2002.1 ± 256.2 1, 2

AMSC after necrectomy and application of chitosan-copolyamide wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий хитозан-сополиамида 1810.1 ± 181.5 1, 2

AMSC after necrectomy and application of hyaluronic acid wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий гиалуроновой кислоты 1783.3 ± 195.7 1, 2

Necrectomy and application of chitosan-copolyamide wound dressings /
Некрэктомия, аппликация раневых покрытий хитозан-сополиамида 1676.2 ± 166.8 1

Necrectomy and application of hyaluronic acid wound dressings /
Некрэктомия, аппликация раневых покрытий гиалуроновой кислоты 1273.4 ± 151.3

Note: 1 significant (p < 0.05) in comparison with the control group (without treatment); 2 significant (p < 0.05) in comparison with 
results of performance of a necrectomy with application of wound dressings of hyaluronic acid without AMSC; AMSC – adipo-
genic mesenchymal stem cells.
Примечание: 1 достоверно (p < 0,05) по сравнению с контрольной группой (без лечения); 2 достоверно (p < 0,05) по срав-
нению с результатами выполнения некрэктомии, аппликации раневых покрытий гиалуроновой кислоты без АМСК; 
АМСК — адипогенные мезенхимальные стволовые клетки

Table 3 (Таблица 3)
thickness of newly formed granulations at the 7th day
Толщина новообразованных грануляций на 7-е сутки

integral indicators of the efficacy of the treatment. 
Table 5 presents the results of planimetric estimates 
of the time of epithelialization of the dermal burns 
with the application of the gel with ATMSCs at vari-
ous concentrations. These results indicate the high 
efficiency of the gel, showing that the double local 
use of the gel with ATMSCs at various concentra-
tions shortened the healing period for second- or 
third-degree burns by 49 %–53 % (p < 0.01). There 
was no significant difference in the healing time be-
tween the concentrations of 0.05 and 0.1 ml/cm2 of 
CCCPTM gel. When the gel was used, the epitheliza-
tion of the dermal burns was completed by day 5–6, 
which was 59 % shorter than the time taken in the 
group of patients treated with Ointment Levomekol 
(10–11 days, p < 0.05).

Suppuration frequently occurs when a burn is con-
taminated with any of a wide range of pathogenic 
microorganisms (Fig. 2). When CCCPTM gel was used, 
only two cases (<10 %) experienced a complicated 
course of the wound process. In comparison, the de-
velopment of suppurative inflammation of the dermal 
wounds was observed in almost 40 % of cases treated 
with Ointment Levomekol.

In the second stage of research, MMSCTM at a dose 
of 0.05 ml/cm2 was used for infiltrative administration 
into deep burns zones after early necrectomy with 
simultaneous autodermografting. We present three 
clinical cases.

Case 1. A 49-year-old patient was hospitalized be-
cause of deep burns of the lower extremity covering 
6 % of the body surface area (BSA). Early radical 
necrectomy of the fascia was performed on day 2 
after the injury, followed by single-step autodermo-
grafting. ATMSCs were administered to an area of 
up to 1.5 % BSA. At the time of the first dressing, 
there was no lysis and the autografts showed complete 
engraftment (Fig. 3).

Case 2. A 34-year-old severely burned patient, 
flame burn of 78 % (67 %) of IIIa, b degree of trunk, 
limbs. The patient had also suffered a first-degree in-
halation injury, and the third-degree burn had resulted 
in sepsis shock. On day 3, fascial necrectomy of the 
lower extremity was performed on an area of 15 % 
BSA, with single-stage autodermografting and the ad-
ministration of ATMSCs in the lesion area across 5 % 
BSA. In the postoperative period, severe sepsis devel-
oped, with significant disorders of homeostasis and 
refractory hypothermia (to 32 °C-33 °C). Despite these 
adverse conditions, there was no lysis and the auto-
dermal grafts showed engraftment (Fig. 4).

Case 3. A 46-year-old patient was hospitalized 
because of flame burns of 36 % (16 %)/III a, b de-
gree of the head, neck, torso, and upper extremities. 
The patient suffered sepsis shock from the third-
degree burns and was resuscitated from clinical 
death (Fig. 5). The general condition of the patient 
from the time of admission was extremely severe 
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Table 4 (Таблица 4)
Number of colony forming units in wound exudate on day 7 (nutrient medium – blood agar) translation
Число колониеобразующих единиц в раневом экссудате на 7-е сутки (питательная среда — кровяной агар)

Table 5 (Таблица 5)
timing of healing of dermal burn wounds in case of the application of gel with AMSC
Сроки заживления дермальных ожоговых ран на фоне применения геля с адипогенными мезенхимальными ство-
ловыми клетками

Groups of research /
Группы исследовани

Growth of microflora, in + /
Рост микрофлоры, в +

Control group (no treatment) /  
Контрольная группа (без лечения) ++++

AMSC without necrectomy and application of wound dressings / 
АМСК, без некрэктомии и аппликации раневых покрытий +++

AMSC after necrectomy and application of chitosan-copolyamide wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий хитозан-сополиамида +

AMSC after necrectomy and application of hyaluronic acid wound dressings / 
АМСК после некрэктомии, аппликации раневых покрытий гиалуроновой кислоты ++

Necrectomy and application of chitosan-copolyamide wound dressings /
Некрэктомия, аппликация раневых покрытий хитозан-сополиамида ++

Necrectomy and application of hyaluronic acid wound dressings /
Некрэктомия, аппликация раневых покрытий гиалуроновой кислоты ++

Note. The growth of microorganisms: + – weak, ++ – moderate, +++ – significant, ++++ – intensive; AMSC – adipogenic me-
senchymal stem cells.
Примечание. Рост микроорганизмов: + — слабый, ++ — умеренный, +++ — выраженный, ++++ — интенсивный; 
АМСК — адипогенные мезенхимальные стволовые клетки

Groups of research / Группы исследования Term of healing, day / Срок заживления, сутки

Levomecol ointment / Мазь левомеколь 10.1 ± 2.7

CCCP gel (0.05 ml per 1 cm2) / Гель КККП (0,05 мл на 1 см2) 5.2 ± 1.5 1

CCCP gel (0.1 ml per 1 cm2) / Гель КККП (0,1 мл на 1 см2) 4.8 ± 1.2 1

Note. 1 significant (p < 0.05) in comparison with the use of the levomecol ointment; AMSC – adipogenic mesenchymal stem cells; 
CCCP – collagen cell complex product.
Примечание. 1 достоверно (p < 0,01) по сравнению с использованием мази левомеколь; АМСК — адипогенные мезенхи-
мальные стволовые клетки; КККП — коллаген-клеточный комплексный продукт

Levomecol ointment /  
Мазь левомеколь
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Fig. 2. The frequency of purulent inflammation in case of injection of gel with AMSC (adipogenic mesenchymal stem cells): 
CCCP — collagen cell complex product

Рис. 2. Частота развития гнойного воспаления при применении геля с адипогенными мезенхимальными стволовыми клетками: 
КККП — коллаген-клеточный комплексный продукт
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Fig. 3. Patient A., 49 years old, flame burn 6% (5.5%)/IIIa-b degree of right thigh, lower leg, knee joint: а – the third day after 
the burn, before the operation; b – intraoperative injection of AMSC after necrectomy and autodermoplasty; c – graft on 
the first dressing

Рис. 3. Пациент А., 49 лет, ожог пламенем 6 % (5,5 %)/IIIа, б степени правого бедра, голени, коленного сустава: а — третьи 
сутки после ожога, перед операцией; b — интраоперационное введение мезенхимальных стволовых клеток жировой 
ткани после некрэктомии и аутодермопластики; c — трансплантат на первой перевязке

Fig. 4. Patient B., 37 years old, burn with a flame of 78% (67%)/IIIa-b degree of the head, trunk, extremities: a – the third day 
after the burn, before the operation; b – intraoperative injection of AMSC after necrectomy and autodermoplasty; c – graft 
on the first dressing

Рис. 4. Пациент Б., 37 лет, ожог пламенем 78 % (67 %)/IIIа, б степени головы, туловища, конечностей: a — третьи сутки после 
ожога, перед операцией; b — интраоперационное введение мезенхимальных стволовых клеток жировой ткани после 
некрэктомии и аутодермопластики; c — трансплантат на первой перевязке

because the aspects of medical care at the prehospi-
tal stage, postresuscitation disease, postponement of 
anti-shock therapy, and early development of mul-
tiple organ failure. The wounds showed as exposed, 
painful dermis with whitish-gray, in places brown, 
eschar, which lacked pain sensitivity. Decompression 
necrectomy of the upper extremities was performed. 
Under resuscitation conditions, the patient underwent 
catheterization of the central vessels, intensive in-
fusion-transfusion therapy, correction of the water–
electrolyte balance, and antibacterial, antisecretory, 
anticoagulant, metabolic, and symptomatic therapy. 
In addition, nutritional support and dressings with 
antiseptic solutions were provided, and a fluidizing 
unit was applied. On day 2, early fascial necrectomy 
of 8 % BSA was performed in the area of the right 
upper limb with single-stage autodermografting on 
an area of 5 % BSA with a perforation ratio of 1:3 
and a subfascial injection of a suspension of allo-

geneic MSCs (20 × 106 cells in 20 ml). The same 
dose of allogeneic MSCs was administered into the 
zone of primary transplantation at the first dressing 
and on day 5 after the injury. In the postoperative 
period, there was no lysis and 100 % engraftment 
of autodermal grafts. The patient died because of 
the severity of the injury, aspects of care, clinical 
death experienced at the prehospital stage, progres-
sion of multiple organ failure, and development of 
septic shock. The death was not associated with the 
successful recovery of the skin area.

Histological examination of biopsy samples taken 
from the area of ATMSC transplantation for all the 
patients revealed the presence of pronounced vascu-
larization with the perifocal proliferation of fibro-
blasts in both the superficial and deep layers of the 
dermis (Fig. 6, 7). An immunohistochemical study 
revealed that the use of ATMSCs resulted in a 5.6-
fold increase in the expression of proliferation mark-
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a b c
Fig. 5. Patient B., 46 years old, flame burn 36% (16%)/IIIa, b degree of the head, neck, trunk, upper limbs: a – the third day after 

the burn, early surgical necrectomy; b – intraoperative injection of AMSC after necrectomy and autodermoplasty; c – graft 
on the first dressing

Рис. 5. Пациент В., 46 лет, ожог пламенем 36 % (16 %)/IIIа, б степени головы, шеи, туловища, верхних конечностей: a — 
третьи сутки после ожога, ранней хирургической некрэктомии; b — интраоперационное введение мезенхимальных 
стволовых клеток жировой ткани после некрэктомии и аутодермопластики; c — трансплантат на первой перевязке

Fig. 6. Patient D., 34 year sold, 5th day of observation. Active 
marginal epithelization. A wide band of the forming epi-
dermal layer. Color in gof hematoxylin-eosin. Zoom ×400

Рис. 6. Пациент Г., 34 года, 5-е сутки наблюдения. Активная 
краевая эпителизация. Широкая полоса формирующе-
гося эпидермального слоя. Окраска гематоксилином 
и эозином. Увеличение ×400

Fig. 7. Patient E., 49 years old, 5th day of observation. Newly 
formed vessels with perifocal proliferation of fibroblasts. 
Color in gof hematoxylin-eosin. Zoom ×400

Рис. 7. Пациент Д., 49 лет, 5-е сутки наблюдения. Новооб-
разованные сосуды с перифокальной пролиферацией 
фибробластов. Окраска гематоксилином и эозином. 
Увеличение ×400

ers of epithelial and connective tissue cell lines in 
the injection area (p < 0.01) (proliferation 2.1–2.2), 
and that apoptotic activity was completely suppressed 
(Fig. 8, 9). Laser Doppler flowmetry assessment of 
the microcirculation in the area of stem cell injection 
on day 7 after early necrectomy, skin grafting, and 
the administration of MMSCTM showed double the 
average level of perfusion and mean square devia-
tion of the amplitude of blood flow oscillations than 
for areas where MMSCTM was not used (p < 0.05) 
(Table 6).

These findings showed that the use of cellular prep-
arations containing ATMSCs was a promising method 
for treating patients with dermal and deep burns. Us-
ing CCCPTM gel accelerated the processes of reparative 
regeneration in wounds by 59 % (p < 0.05) and the 
frequency of infectious complications decreased by 
41 % (p < 0.05). The histological, immunohistochemi-
cal, and flowmetric findings showed that the adminis-

tration of MMSCTM suspension to patients with deep 
burns reliably stimulated the proliferation of fibro-
blasts and angiogenesis in the area of the lesions. 
Including the administration of ATMSCs in clinical 
practice should improve the results of treatment of 
patients with burns.

CONCLUSIONS
The preliminary results obtained in this study 

provide convincing evidence that the administra-
tion of ATMSCs can increase the efficacy of the 
local treatment of superficial burn wounds as well 
as enhancing the surgical restoration of skin with 
deep burns. In the animal experiment, the great-
est efficacy (measured by the time taken to heal) 
was observed in the treatment of deep skin burns 
with necrectomy, the administration of ATMSCs, 
and the application of dressings based on aliphatic 
copolyamide and chitosan. In the animals treated 
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Fig. 8. Patient D., 34 years old. Significant expression of the 
proliferation marker of Ki 67 cells of an autologous cu-
taneous graft on the 5th day after the AMSC injection. 
Zoom ×600

Рис. 8. Пациент Г., 34 года. Выраженная экспрессия маркера 
пролиферации Ki-67 клетками аутологичного кожного 
трансплантата на 5-е сутки после введения мезенхи-
мальных стволовых клеток жировой ткани. Увеличе-
ние ×600

Fig. 9. Patient E., 49 years old. Significant expression of the 
proliferation marker of Ki 67 cells of an autologous cu-
taneous graft on the 5th day after the AMSC injection. 
Zoom ×600

Рис. 9. Пациент Д., 49 лет. Выраженная экспрессия маркера 
пролиферации Ki-67 клетками аутологичного кожного 
трансплантата на 5-е сутки после введения мезенхи-
мальных стволовых клеток жировой ткани. Увеличе-
ние ×600

Research zone /
Область исследования ПМ δ KV, %

Transplantation zone / 
Зона трансплантации

AMSC /
МСК ЖТ 9.17 0.68 7.39

Graft center /
Центр трансплантата 5.79 0.32 5.61

Periphery of the graft / Периферия 
трансплантата 4.26 0.28 6.64

A healthy symmetrical site /
Здоровый симметричный участок 4.24 0.55 13.00

Note. ПМ – microcirculation index); δ – mean square deviation of blood flow fluctuation amplitude; KV – the coefficient of varia-
tion; AMSC – adipogenic mesenchymal stem cells.
Примечание. ПМ — показатель микроциркуляции; δ — среднее квадратичное отклонение амплитуды колебания кровото-
ка; KV — коэффициент вариации; МСК ЖТ — мезенхимальные стволовые клетки жировой ткани

Table 6 (Таблица 6)
Intensity of microcirculation in the area of MMCS injection
Интенсивность микроциркуляции в зоне введения мультипотентных мезенхимальных стромальных клеток

in this way, the healing time decreased by 89.6 % 
(p < 0.05) compared with that of the control group. 
In the animals treated with necrectomy and wound 
dressings based on aliphatic copolyamide and chito-
san, but without use of ATMSCs, the healing time 
was reduced by only 25 % compared with the con-
trol group (p > 0.05).

The smallest area of scarring (0.8 cm2) was ob-
served in the animals treated with stem cells and 
wound dressing based on hyaluronic acid. The ap-
plication of dressings from natural polymers without 
administering stem cells reduced the total area of scar-
ring to 2 cm2, which was 56 % smaller than that of 
the control group (4.5 cm2; p < 0.05).

In the microbiological estimates of the number of 
colony-forming units of microorganisms in wounds on 
day 7 of the experiment, the fewest colony-forming 
units were recorded in the animals treated with ne-
crectomy, ATMSCs, and wound dressings based on 
polymers. In the animals treated with necrectomy and 
the subsequent closure of the wounds with hyaluronic 
acid or chitosan-copolyamide, without ATMSC treat-
ment, the number of colony-forming units of patho-
genic microflora did not exceed 30 %.

The histological examination of wound biopsy 
samples from the animals found the greatest devel-
opment of the microvasculature bed by the end of the 
fourth week in the animals treated with necrectomy, 
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ATMSCs, and dressings based on hyaluronic acid. In 
these animals, 37 microvessels were counted in the 
field of vision, which was 3.7 times the number ob-
served when the treatment was with ATMSCs alone 
(p < 0.05).

The findings of the experimental studies suggest-
ed that the use of ATMSCs with wound dressings 
based on natural polymers provided highly efficient 
treatment for burns. This may benefit from further 
research in this field including the development of 
tissue-engineering structures with living cells.

The clinical study of the efficacy of the CCCPTM 
gel showed that its application reduced not only the 
healing time of dermal burns but also incidence of 
infectious complications. Applying the allogeneic 
mesenchymal stem cell gel at the two concentra-
tions investigated in this study accelerated the epi-
thelization of burns degree II and IIIa, which was 
established by day 5 (about half the time taken 
in the comparison group), and the frequency of 
complications of the wound process did not exceed 
10 % of cases (compared with 40 % in the control 
group).

The positive properties of MMSCTM result from 
the ability of its constituent ATMSCs to differenti-
ate into cells of tissues of mesenchymal origin and 
other germ layers. The ATMSCs produce cytokines, 
including interleukins, growth factors, fibronectin, 
type I and IV collagen, laminin, thromboplastin, 
and other substances. The overall effect of this is 
normalization of the expression of proinflammatory 
cytokines, stimulation of the production of growth 
factors, reduction of the activity of matrix metallo-
proteinase 9, and, as a result, the stimulation of the 
regeneration of damaged tissues and scar formation. 
This cell type also has immunosuppressive properties 
and high histocompatibility [6].

The results of the clinical evaluation of the effi-
cacy of the MMSCTM preparation demonstrated that its 
administration into a deep burn zone after performing 
early necrectomy and single-stage autodermografting 
accelerated the formation of blood vessels in the newly 
formed tissues, increased the incidence of engraftment 
of the split skin graft, stimulated the epithelialization 
of the wound surface, and optimized the reparative 
regeneration processes. The preparation did not cause 
any adverse events or changes in clinical, biochemical, 
blood test, or urine analysis results.

In conclusion, the preparations containing ATMSCs 
(CCCPTM gel and MMSCTM suspension) can signifi-
cantly improve the results of the treatment of patients 
with dermal and deep burn lesions.

This work was supported by a grant from the Rus-
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