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The therapeutic effect of multipotent mesenchymal stem cells has been proven on various disease models. One of the mech-
anisms is the paracrine effect of the cells on the surrounding tissues.
The aim. To investigate the secretome effectiveness of the multipotent mesenchymal stem cells in the treatment of adjuvant 
arthritis and contact-allergic dermatitis in Wistar rats.
Materials and methods. Adjuvant arthritis was simulated in 26 female rats by the administration of Freund’s complete ad-
juvant and then treated with the administration of 100 µl of multipotent mesenchymal stem cell secretome or saline. Con-
tact-allergic dermatitis was modeled on 30 female rats by applying 200 μl of an oil solution of dinitrofluorobenzene to the 
skin on days 1, 5 and 6. Then the rats were treated with fluocinolone ointment (a positive control), baby cream (a negative 
control), baby cream with a secretome of native multipotent mesenchymal stem cells or from the cells processed with dexa-
methasone.
Results. Judging by the indicators of the longitudinal and transverse dimensions of the paws in rats and a histological exam-
ination, the secretome did not have any anti-inflammatory effect on adjuvant arthritis. A cream with a secretome from multi-
potent mesenchymal stem cells processed with dexamethasone, was the most effective on the model of contact-allergic der-
matitis: the clinical improvement occurred on the 2nd day. The secretome from native multipotent mesenchymal stem cells 
and fluocinolone had a therapeutic effect on the 3rd day of application, the negative control – on the 4th day. The lymphocytic 
infiltration coefficient was significantly lower (p<0.05) in all the cases compared to the negative control (2.8±0.1). However, 
the lowest infiltration was observed when the cream with secretome from native (1.75±0.1) and dexamethasone-stimulated 
(1.76±0.1) multipotent mesenchymal stem cells was being used.
Conclusion. The cream with the secretome of multipotent mesenchymal stem cells suppresses lymphocytic infiltration more 
strongly than the highly active topical glucocorticosteroid – fluocinolone – on the model of contact-allergic dermatitis, which 
is a classic local delayed-type hypersensitivity reaction. However, a further study of the therapeutic effect of the secretome 
on models of systemic inflammatory diseases is required after its preliminary purification from large-molecular proteins.
Keywords: stem cells; inflammation; secretion; adjuvant arthritis; allergic dermatitis
Abbreviations: AA – adjuvant arthritis; DTHS – delayed-type hypersensitivity;  GCS – glucocorticosteroids;  DNFB – 
dinitrofluorobenzene; IL – interleukin; KAD – contact-allergic dermatitis; kDa – kilodaltons; MMSC – multipotent mesenchymal 
stem cells;  mRNA – micro-ribonuleic acid; RNA – ribonucleic acid; CD – cluster of differentiation; FoxP3 – FOXP3, Forkhead 
Box Protein P; IFNγ – interferon gamma;  NF-κB – nuclear factor “kappa-bi”; NK cells – Natural killer cells; STAT5 – Signal 
transducer and activator of transcription 5; Th1 – T-helper 1; Th17 – T-helper 17; TNFα – Tumor necrosis factor α.
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Терапевтическое действие мультипотентных мезенхимальных стволовых клеток доказано на различных моделях за-
болеваний. Одним из механизмов является паракринное воздействие клеток на окружающие ткани. 
Цель. Изучение эффективности секретома мультипотентных мезенхимальных стволовых клеток при лечении адъю-
вантного артрита и контактно-аллергического дерматита у крыс линии Wistar.
Материалы и методы. На 26 самках крыс введением полного адьюванта Фрейнда моделировали адъювантный ар-
трит, лечили введением 100 мкл секретома мультипотентных мезенхимальных стволовых клеток или физиологиче-
ского раствора. На 30 самках крыс моделировали контактно-аллергический дерматит путём нанесения на кожу 200 
мкл масляного раствора динитрофторбензола на 1, 5 и 6-е сутки, затем лечили мазью с флуоцинолоном (положитель-
ный контроль), детским кремом (отрицательный контроль), детским кремом с секретомом от нативных мультипо-
тентных мезенхимальных стволовых клеток или от клеток, обработанных дексаметазоном.
Результаты. Секретом не оказал противовоспалительного эффекта при адъювантном артрите, судя по показателям 
продольных и поперечных размеров лап у крыс и гистологического исследования. Наиболее эффективным на моде-
ли контактно-аллергического дерматита оказался крем с секретомом от мультипотентных мезенхимальных стволо-
вых клеток, обработанных дексаметазоном, – клиническое улучшение наступило на 2 сутки. Секретом от нативных 
мультипотентных мезенхимальных стволовых клеток и флуоцинолон оказали терапевтический эффект на 3 сутки при-
менения, отрицательный контроль – на 4 сутки. Коэффициент лимфоцитарной инфильтрации был достоверно ниже 
(p<0,05) во всех случаях по сравнению с отрицательным контролем (2,8±0,1), однако самая низкая инфильтрация 
наблюдалась при использовании крема с секретомами от нативных (1,75±0,1) и стимулированных дексаметазоном 
(1,76±0,1) мультипотентных мезенхимальных стволовых клеток.
Заключение. Крем с секретомом мультипотентных мезенхимальных стволовых клеток на модели контактно-аллер-
гического дерматита, который является классической местной реакцией гиперчувствительности замедленного типа, 
сильнее подавляет лимфоцитарную инфильтрацию, чем высокоактивный топический глюкокортикостероид – флуо-
цинолон. Однако требуется дальнейшее изучение терапевтического действия секретома на моделях системных вос-
палительных заболеваний после его предварительной очистки от крупномолекулярных белков. 
Ключевые слова: стволовые клетки; воспаление; секретом; адьювантный артрит; аллергический дерматит
Список сокращений: АА – адъювантный артрит; ГЗТ – гиперчувствительность замедленного типа; ГКС – глюкокорти-
костероиды; ДНФБ – динитрофторбензол; ИЛ – интерлейкин; КАД – контактно-аллергический дерматит; кДа – кило-
дальтоны; ММСК – мультипотентные мезенхимальные стволовые клетки; мРНК – микро-рибонулеиновая кислота; 
РНК – рибонуклеиновая кислота; CD – кластер дифференцировки; FoxP3 – белок Forkhead box P3; IFNγ – интерферон 
гамма; NF-κB – ядерный фактор «каппа-би»; NK-клетки –  натуральные киллеры; STAT5 – cигнальный преобразователь 
и активатор транскрипции 5; Th1, Th17 – Т-хелперы 1, Т-хелперы-17; TNFα – фактор некроза опухоли альфа.
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INTRODUCTION
Nowadays, the study of the therapeutic effect of 

the secretome of multipotent mesenchymal stem cells 
(MMSC) is relevant in the field of regenerative medicine. 
Preclinical and clinical studies have proven the efficacy 

and safety of MMSCs in the treatment of atopic der-
matitis, osteoarthritis and other inflammatory diseases 
[1–4]. The last decade has shown an increase in the re-
search related to the study of the action mechanisms of 
MMSCs associated with tissue regeneration. The main 
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directions of the MMSC actions can be considered as 
follows: secretion of biologically active substances, mi-
crovesicles, exosomes [5, 6]. The secret of MMSCs con-
tains a wide range of biologically active substances, pos-
sesses immunomodulatory properties, and therefore is 
potentially applicable in therapy without any use of the 
cells themselves [7].

Unlike the secretomes of MMSCs, topical glucocor-
ticosteroids (GCSs), which are widely used in therapy, 
have a number of disadvantages. First, GCSs can lead 
to local and systemic side effects, the development of 
which is unlikely when using MMSC secretomes [8]. In 
addition, contraindications to the use of GCSs are burns 
and wounds, which, on the contrary, can be indications 
for the use of MMSC secretomes.

Dexamethasone is a powerful synthetic glucocorti-
coid that is widely used in the treatment of inflammato-
ry diseases, as well as in cell technologies to enhance the 
MMSC differentiation in osteo-, chondro- and adipogen-
ic directions in vitro [9]. It has been shown that the effect 
of dexamethasone on apoptosis, cell cycle, proliferation, 
and the MMSC differentiation depends on the exposure 
time and the drug concentration [9]. Dexamethasone 
also affects the profile of RNA and mRNA expressed by 
MMSCs [10], the migration ability and a cell shape [11]. 
Dexamethasone-enhanced MMSCs inhibit CD69 expres-
sion and IFNγ production, as well as STAT5 phosphory-
lation in NK cells [12]. It may be possible to use GCSs to 
suppress the synthesis of proinflammatory cytokines in-
directly, using dexamethasone-treated MMSCs and their 
secretomes, avoiding the increased risk of the complica-
tions characteristic of GCSs.

It has been established that the MMSC secretion re-
duces the production of proinflammatory cytokines and 
the cytokines by blood mononuclear cells involved in the 
cell-mediated immune inflammation [13]. In the litera-
ture, it has been shown that the galectin network medi-
ates the immunomodulatory effects of MMSCs [14, 15]. 
The stimulating effect of the adipose tissue MMSC secre-
tome, which contains more than 100 proteins [16], on 
the proliferative and migratory capacity of various types 
of skin cells, has been shown [17]. In rheumatoid arthri-
tis, the ability of human MMSCs from the adipose tissue 
to regulate a wide range of inflammatory mediators to-
gether with suppression of Th1 and Th17 responses, has 
been shown [18]. Earlier, a pilot study of the effect of 
the secretome of native and dexamethasone-stimulated 
MMSCs on the course of experimental diseases, had 
been conducted [19]. In this regard, the appropriate dis-
ease models – adjuvant arthritis (AA) and contact-aller-
gic dermatitis (CAD) have been selected. They reproduce 
an autoimmune reaction similar to the pathogenesis of 
rheumatoid arthritis [20] and a delayed-type hypersen-
sitivity reaction (DTHS), respectively.  

THE AIM of the study was to investigate the secre-
tome of the multipotent mesenchymal stem cells ef-
fectiveness in the treatment of inflammatory diseases 

– adjuvant arthritis and contact-allergic dermatitis – in 
Wistar rats.

MATERIALS AND METHODS
Obtaining MMSC secretome
MMSC secretome from human adipose tissue was 

obtained by culturing cells at passage 4 in a gas incu-
bator (37°C, 5% CO2) for 48 hours in a serum-free nu-
trient medium without phenol red DMEM/F12 (Paneko, 
Russia). Some of the cells were treated with 10 μmol/ml 
dexamethasone. Then, the preparation was washed free 
from dexamethasone with phosphate-buffered saline 
and cultured for 48 hours a in serum-free DMEM/F12 
nutrient medium without phenol red (Paneko, Russia). 
The supernatant was collected and concentrated using 
a Vivaflow 200 ultrafiltration unit (Sartorius, Germany) 
on membranes with MWCO 3 kDa. Galectin-1 was cho-
sen as a protein for standardization, since its presence in 
the MMSC secretome have been proven and its anti-in-
flammatory properties are known [20, 22]. The content 
of galectin-1 in the concentrated secretome was deter-
mined with the help of enzyme-linked immunosorbent 
assay using CloudClone Corp. kits. (USA). 

Then the concentration of galectin-1 was adjust-
ed to 6 pg/ml using phosphate-buffered saline, since 
galectin-1 had been chosen as an identifiable factor in 
order to standardize the drug. Calculated using 1 g of 
total protein, in the MMSCs secretome treated with 
dexamethasone there was, on average, 1.5 times more 
galectin-1 than in the secretome of native MMSCs. For 
the subsequent calculation of the protein concentration, 
the optical density was measured using a Nano Photom-
eter No 60 (Implen, Germany). The obtained secretome 
was sterilized using filters with a pore diameter of 0.22 
μm (Merk, Millipore, USA) and stored at –20°C until use. 
The methods for preparing the secretome is described 
in detail in patent RU 2747024 “Composition with an-
ti-inflammatory and immunosuppressive activity based 
on the secretome of multipotent mesenchymal stromal 
cells, and method of preparation”.

Animals
Mature rats of both sexes of the Wistar line (weight 

200-260 g) were obtained from the nursery of the Re-
search Center for Biomedical Technologies of the Feder-
al Medical and Biological Agency, the Stolbovaya branch 
(Stolbovay settlement, Moscow region). The animals 
were kept under controlled conditions: individual ven-
tilated cages with the temperature of 21–22°C and the 
air humidity of 55–60%. The light conditions were: 16 
hours of light and 8 hours of darkness. The animals were 
fed with all-in-one feed. Wood sawdust was used as 
bedding. To anesthetize the animals, Zoletil 100 (Virbac, 
France) was used at the dose of 1 mg / 100 g of animal 
weight. The work was carried out in compliance with all 
bioethical standards in accordance with the “European 
Convention for the Protection of Vertebrate Animals 
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used for Experimental or Other Scientific Purposes” [Di-
rective 2010/63 / EU].

Study design
To model AA, 26 female rats were injected with 0.1 

ml of Freund’s complete adjuvant (Sigma, United States) 
into the plantar surface of the hind paws [21]. The 
choice of female animals for the study was due to the 
increased prevalence of the simulated disease among 
women [3]. The introduction was repeated a week lat-
er. Two weeks after the first injection, the edema of the 
hind legs and lameness were observed. Then, 100 μL of 
MMSC secretome was injected subcutaneously into the 
right hind paw of the experimental animals (10 rats). 10 
rats of another experimental group were injected with 
100 μl of the secretome from MMSCs pretreated with 
dexamethasone. 6 rats of the control group were inject-
ed with 100 μl of saline in the right hind paw. The left 
hind paws remained untreated. The edema of the paws 
was measured using an electronic caliper (Enkor 10740, 
Russia).

As a CAD inducer, a 3% solution of dinitrofluoroben-
zene (DNFB) was used on the 1st day. Then, on the 5th 
and 6th days, a 1% solution of DNFB in olive oil was ap-
plied in the volume of 200 μL to the depilated skin of the 
upper half of the back of 30 female rats of the Wistar 
line [23]. On the 6th day, inflammation with hyperemia, 
skin edema and peeling developed. The inflammation 
was controlled by a single daily application of baby 
cream (Avanta, Russia) (the negative control), the oint-
ment with topical GCS fluocinolone at the concentration 
of 0.025% (Flucinar, Jelfa, Poland) (the positive control), 
baby cream with the addition of a secretome from the 
dexamethasone treated MMSCs or a secretome from 
untreated MMSCs. In this respect, in the animals in all 
the 3 groups, the studied drugs (secretomes), or the pos-
itive control (fluocinolone), were applied to the area of 
the right scapula, and the negative control (baby cream) 
– to the area of the left scapula. That made it possible 
to avoid the need to create a separate control group 
and the associated variability of the individual response. 
The baby cream was chosen as the base, to which the 
MMSC secretome was added, due to its availability and 
the already known, clinically investigated properties of 
the cream.

The animals were withdrawn from the experiment 
by cervical dislocation under anesthesia. After a visual as-
sessment and photoprotocol of the body parts exposed 
to experimental effects, the pieces of the skin or hind 
paws were excised and fixed in a 10% formalin solution. 
Histological preparations stained with hematoxylin and 
eosin, were prepared in a standard manner. The study 
of micropreparations was carried out under a Lomo mi-
croscope equipped with a DV1000 video camera and the 
McrA-View 7.3.1.7 program (LOMO-microsystems, Rus-
sia). For a quantitative assessment of the lymphocytic 
infiltration degree of the dermis, a semi-quantitative 

assessment of the of infiltration degree was performed: 
the weak one (1+) – up to 5 lymphocytes in the area of 
the papillary layer; the moderate / medium one (2+) – 
up to 5–10 lymphocytes; the strong / pronounced one 
(3+) – up to more than 10 lymphocytes. The data were 
statistically processed using an MS Excel 2016 spread-
sheet, with the calculation of the average infiltration co-
efficient. Complementarily, a frequency analysis of the 
pronounced infiltration degree was made. This infiltra-
tion was accompanied by epidermal lesions, and it was 
dependent on the drugs used for its treatment. 

Statistical processing of results
For statistical analysis, the Pearson Chi-square 

test with Yates correction, the Fisher test, and the 
Mann-Whitney U-test were used. The significance level 
was assumed to be p<0.05. The calculations were per-
formed using SPSSStatistics 17.0 software (IBM, USA).

RESULTS
In terms of the longitudinal and transversalis di-

mensions of the paws in rats with AA, there were no 
statistically significant differences between the groups. 
Histological study showed that the use of the MMSC se-
cretome led to the development of chronic arthritis and 
periathritis with hyperplastic synovitis of an immunoin-
flammatory nature without involvement of osteochon-
dral structures (Fig. 1, Fig. 2). In the control group, with 
the introduction of saline, there was a gradual decrease 
in inflammation in the joints of the paws, the same on 
both sides. Histologically, single plethoric capillaries 
without signs of inflammation were found out in the sy-
novial membrane of the joints.

A macroscopic assessment of the skin areas with ex-
perimental CAD in the negative control group and their 
histological examination showed that the used model of 
the disease adequately reproduces the changes char-
acteristic of a delayed-type hypersensitivity reaction: 
hyperemia and infiltrative-inflammatory skin changes, 
mainly around the hair funnels, abundant scaly keratic 
masses were observed. In some cases, they took place 
before the formation of large hyperkeratotic plaques. 
Histological examination (Fig. 3) revealed inflammato-
ry changes due to hyperkeratosis, lymphocytic-macro-
phage infiltration with single eosinophils, edema and 
vascular reaction.

When assessing the degree of lymphocytic infiltra-
tion using a gradation by the number of lymphocytes in 
the field of view, it was found out that low (1+) and me-
dium (2+) degrees prevailed, being observed, in total, in 
67.2% of the evaluated dermis areas (Table 1). A high 
degree of lymphocytic infiltration prevailed in the deep 
areas of the dermis. Lymphocytic and lymphocytic-mac-
rophage infiltrates were often located directly around 
the venules, creating a picture of lymphocytic venular 
vasculitis characteristic of CAD. Separate accumulations 
of mononuclear elements looked like granulomas.
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Figure 1 – General aspect  
of joint with adjuvant arthritis

Note: Stained with hematoxylin and eosin, Magnification ×100.

Figure 2 – Hyperplasia of synoviocytes with  
the formation of pseudopapillary structures (arrow)

Note: Stained with hematoxylin and eosin, Magnification ×100.  
XP – an articular cartilage bone without visible morphological changes; 
CO – folds of the synovial membrane with diffuse focal inflammatory 
infiltration (arrows)

Figure 3 – Skin changes characteristic of contact-allergic dermatitis
Note: Stained with Hematoxylin and eosin, Magnification X400; a, b – epidermis with foci of hyperkertosis and exfoliating of the stratum corneum, 
edema of the papillary layer, low density of lymphocytic infiltrate; c – sanguine venule on the border with hypodermis, perivascular edema; d – 
accumulation of immature fibroblasts in the papillary layer; no inflammatory elements

Table 1 – Index of lymphocytic infiltration in different CAD treatment groups

Group Lymphocytic infiltration index,
mean ± standard deviation

Treatment with baby cream K (–) 2.8±0,1
Fluocinolone K (+) treatment 2.18±0.08*
Treatment with baby cream with MMSC secretome 1.75±0.1*#
Treatment with baby cream with secretome from MMSCs 
treated with dexamethasone 1.76±0.1*#

Note: * – there are statistically significant differences in comparison with the K (–), p <0.05; # – there are statistically significant differences in 
comparison with the K (+) group, p<0.05

a b

c d
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Figure 4 – Lymphocytic infiltrate
Note: Stained with Hematoxylin and eosin, Magnification X400. A – negative control group (baby cream); B — positive control group (treatment 
with fluocinolone); C – treatment group with baby cream enriched with MMSC secretome; D – treatment group with baby cream enriched with 
MMSC secretome, treated with dexamethasone

А B C D

In the animals with simulated CAD and treatment 
with 0.025% fluocinolone ointment, clinical improve-
ment occurred on the 3rd day of the drug administra-
tion. The most significant remaining symptom was dif-
fuse skin erythema. At the same time, the epidermis was 
without destructive changes, had changes in the form 
of preservation of foci of hyperkeratosis, desquamation 
of the stratum corneum. Microscopically, these chang-
es corresponded to plethora of dermal microvessels, 
edema of the papillary layer, perivascular edema in the 
deeper tissues. In the epidermis, there was thickening 
of the stratum corneum with areas of its stratification 
and desquamation, both as separate keratic scales and 
as the whole layers of keratic masses. The assessment 
of the composition and severity of cellular infiltrates in 
the dermis revealed the predominance of low and me-
dium representation of the lymphocytic component in 
the whole dermis, with a lesser degree in the papillary 
layer, in contrast to the deep layers. Quantitatively (Ta-
ble 1), this was reflected in the values of the lymphocyt-
ic infiltration index, which turned out to be significantly 
less (p <0.05) in comparison with the negative control 
group. Separately, for the papillary layer, the index was 
significantly less (p = 0.004) than in the negative control 
group. In addition, in a nonparametric statistical analysis 
of the effect of fluocinolone on the frequency of a high 
degree of lymphocytic infiltration, it was found out that 
in general, for the dermis it was insignificant, and sepa-
rately for the papillary layer it was significantly mean (p = 
0.03). However, at the qualitative level and in the quanti-
tative assessment of lymphocytic infiltrates, the effect is 
unequal in the superficial portions of the dermis, where 
it is more pronounced, and in its depth. In the papillary 
layer, both accumulations of immature fibroblasts and 
a noticeable number of fibroblasts with morphological 
signs of a functional activity were often found out.

Externally, the state of the skin treated with the 
baby cream with a MMSC secretome was similar to that 
observed when the skin was treated with fluocinolone: 
diffuse erythema, small scaly keratic deposits, foci of the 
epidermis destruction were absent. An improvement in 
the condition of the skin was also observed 3 days after 

the beginning of treatment, as in the fluocinolone group. 
Histological examination also revealed similar chang-
es in the form of thickening and desquamation of the 
stratum corneum, edema of the papillary layer, pletho-
ra of dermal microvessels. In the papillary layer of the 
dermis, accumulations of mature fibroblasts with signs 
of a functional activity were noticeable. A high degree 
of lymphocytic infiltration was detected only in 10% of 
the examined skin areas. Accordingly, the infiltration in-
dex turned out to be significantly lower (p=0.05) in com-
parison with the negative control and the positive con-
trol (fluocinolone treatment) for the dermis as a whole  
(p <0.05), but did not statistically differ from the papil-
lary layer indicator in this group (Fig. 4).

According to nonparametric criteria, the degree of 
influence of the secretome on the frequency of a high 
degree of lymphocytic infiltration was moderate but 
significant (p=0.016). Thus, the MMSC secretome has a 
positive effect comparable to that of fluocinolone. There 
is a certain superiority of the secretome, which is due to 
the presence of an anti-inflammatory effect in the entire 
thickness of the dermis, as evidenced by the given sta-
tistical indicators.

In the experimental group, after the use of the 
MMSCs secretome cream pre-treated with dexameth-
asone, the macro- and microscopic patterns of skin 
changes were similar to those in the previous group. 
However, a clinical improvement was observed earlier – 
2 days after the start of this cream therapy. The skin was 
erythematous, with dusty and finely scaly keratic over-
lays, but without destructive foci in the epidermis. His-
tologically, the foci of thickening of the epidermis were 
revealed, mainly due to the stratum corneum, which 
was characterized by stratification and sloughing of stra-
tum corneum layers. The papillary layer of the dermis 
was with varying degrees of edema. Cellular infiltration 
was qualitatively and quantitatively different in different 
parts of the dermis in dependence to the depth. In the 
papillary layer, with a predominance of low and medium 
degrees of lymphocytic infiltration (a total of 71% of the 
assessed areas), there were a few foci with dense lym-
phocytic infiltrate penetrating into the growth layer of 
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the epidermis with the formation of peripolysis patterns. 
In the deep layers of the dermis and in the adjacent hy-
podermis, the infiltrate was more polymorphic due to 
the presence of a few eosinophils and partially degran-
ulated mast cells. A quantitative assessment of lympho-
cytic infiltration gave the results similar to the previous 
group, including the negative and positive control groups 
in comparison. In comparison with the negative control 
group, the lymphocytic infiltration index was significant-
ly lower (p = 0.001), but this difference is also significant 
only in comparison with the dermis on the whole. The 
groups with the secretome and the baby cream did not 
differ in this indicator. According to nonparametric esti-
mates, the effect of this drug on the incidence of high 
lymphocytic infiltration was weak.

According to the main morphological criteria, there 
are reliable anti-inflammatory effects of the cream with 
the secretome from dexamethasone-treated MMSCs 
and untreated MMSCs, which are not inferior to the ref-
erence drug fluocinolone, even exceeding its prevalence 
throughout the entire thickness of the dermis. Thus, the 
drugs worked equally, but according to nonparametric 
statistical criteria for the effect on the frequency of a 
high degree of lymphocytic infiltration, a definite ad-
vantage of the cream with MMSC secretion has been 
revealed.

DISCUSSION
Currently, clinical studies are focused on the ther-

apeutic effects of MMSCs and their exosomes in osteo-
arthritis [24, 25]. The ability of human MMSCs from ad-
ipose tissue has been shown to regulate a wide range of 
inflammatory mediators together with the suppression 
of Th1 and Th17 responses in rheumatoid arthritis [26]. 
The use of cells or their exosomes containing a spectrum 
of different biologically active substances can provide a 
therapeutic advantage along with the usual treatment 
protocols using immunosuppressants. In the literature, 
there are also data on the study of the effect of stim-
ulated with IFNγ and TNFα in vitro MMSCs or their se-
cretome, on the model of osteoarthritis. In this case, 
the injection of the MMSCs secretome, which had been 
isolated from the bone marrow of the elderly, as well as 
the injection of the cells themselves, led to an early re-
duction in pain and had a protective effect on the devel-
opment of cartilage damage, without any effect on the 
subchondral bone in mice [27]. Another scientific source 
describes an experiment with the induction of osteoar-
thritis in mice, which was then treated with the injection 
of the MMSC secretome [28]. In this case, the therapeu-
tic effect of the MMSC secretome led to a significant 
decrease in synovial infiltrate and hyperplasi-synovial 
intima and cartilage compared to the control group (the 
introduction of a nutrient medium). The effect of the 
MMSC secretome observed in our experiment, may be 
due to the presence of large-molecular xenogenic pro-
teins in the secretion of human MMSCs, which are also 

able of causing an immune response – collagen arthritis. 
The anti-inflammatory and immunosuppressive factors 
present in the secretome, were unable to prevent its 
development in this model. The results described in the 
literature, do not agree with the ones obtained in this 
investigation, since the authors used a secretome from 
allogeneic MMSCs. The effectiveness of the cream with 
the MMSCs secretome on the CAD model, shown by the 
authors of the present article, is a demonstration of the 
classic local reaction of delayed-type hypersensitivity. It 
is not inferior to the topical GCS of high activity – fluoci-
nolone, and even surpasses it in terms of the decrease 
in lymphocytic infiltration (p<0.05). That being the case, 
since large-molecular proteins are not able to penetrate 
through the epidermis into the deep layers of the skin, 
in the CAD model, the effect of increasing inflammation 
was not observed as in the AA model. The difference in 
the efficiency of secretomes in the two models of dis-
eases, can also be due to the following. To be used in 
systemic models, it is necessary to purify the secretome 
from large-molecular compounds and / or utilize alloge-
neic cells to obtain it.

It has been shown that the MMSC extract from the 
human umbilical cord suppresses the T-cell response 
and NF-κB-dependent activation of transcription in kera-
tinocytes, thereby reducing inflammation in atopic der-
matitis [29]. As therapy for skin diseases, MMSCs exo-
somes of adipose tissue are also studied [30, 31]. They 
reduce the expression of proinflammatory cytokines. 
From reviews of preclinical studies, it can be seen that 
the use of a conditioned medium from MMSCs can be 
cheaper, faster, and can give an equal or more powerful 
effect than a drug based on extracellular MMSC vesicles 
for the treatment of many diseases. Up to date, there 
have been no reports that culture medium concentrates 
from MMSCs are not safe compared to extracellular ves-
icles [32]. However, it is not yet known which secretome 
molecules are responsible for the therapeutic effect. It 
has been shown that both proteins and micro RNAs and 
lipids that do not encode long RNAs, play a role in the 
treatment of various organs and systems [32]. The cells 
themselves have been also shown effective in the treat-
ment of atopic dermatitis in dogs [33] and mice [34], as 
well as in humans [35]. At the same time, a histologi-
cal examination of the skin of mice with experimental 
atopic dermatitis revealed that epidermal hyperplasia 
and lymphocyte infiltration caused by the induction of 
the disease were weakened by the intravenous adminis-
tration of cells in a dose-dependent manner. This article 
shows that after a systemic administration, cells leave 
the focus of inflammation within 2 hours and exert their 
therapeutic effect paracrinally [34]. Taking these facts 
into account, a cell secretion cream for the local treat-
ment of CAD has been chosen.

It has been shown that extracellular vesicles from 
MMSCs suppress inflammation in the mouse model of 
CAD by inhibiting cytotoxic T-lymphocytes, T-helper cells 
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of type 1, as well as reducing the level of TNF-α and IFN-γ. 
In this case, the vesicles induced CD4 + CD25 + Foxp3 + 
regulatory T cells and increased the level of the anti-in-
flammatory cytokine IL-10 [36]. Other authors showed 
that in mice with CAD, the simultaneous treatment with 
MMSC and dexamethasone did not affect the anti-inflam-
matory effect of the cells. In addition, a co-administration 
of MMSCs with dexamethasone reduced the local expres-
sion of IFN-γ and TNF-α in the ear tissue of mice with CAD 
[37]. Possibly, the mechanisms of the action listed above, 
also took place in the present study when the cream with 
the MMSC secretome was used.

The action of the cream with the MMSC secretome 
had a visible effect on the skin a day earlier than the 
topical GCS. The decrease in the degree of lymphocytic 
infiltration was significantly higher when using a cream 
with secretome (p <0.05) than with fluocinolone. Unlike 
the MMSC secretomes, topical corticosteroids have a 
number of disadvantages. First, GCSs can lead to local 
and systemic side effects, such as epidermal atrophy, in-
fectious complications, the effect on all types of metab-
olism during resorption from large surfaces. In a variety 
of studies it has been shown, that MMSC secretomes 

are unlikely to be used due to the presence of regener-
ative properties and the absence of a significant effect 
on metabolic processes. Second, burns and wounds are 
contraindications for the use, which, on the contrary, 
may be indications for the use of MMSC secretomes also 
due to their regenerative properties [8].

CONCLUSION
Thus, the anti-inflammatory activity of the com-

plex of humoral MMSC secretome factors, both native 
and dexamethasone-induced in vitro, when applied 
topically, contributes to a significant reduction in skin 
inflammation. It takes place in the model of contact-al-
lergic dermatitis, with almost a daily advantage in the 
secretome-induced MMSCs. In this case, the index of 
lymphocytic infiltration is significantly lower in the use 
of secretomes than after using topical corticosteroids. 
This is the basis for a further study of the therapeutic 
effects of various fractions of the MMSC secretome and 
the disclosure of its mechanism of the action. However, 
to study the systemic effect of the secretome, it is nec-
essary to purify it from large molecules or use allogeneic 
MMSC to obtain it.
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