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Abstract: Despite various treatment options for canine atopic dermatitis (cAD), therapeutic limitations still exist, 
including adverse effects and low absorption ratios. This study evaluated the effects of a membrane-free stem cell 
extract (MFSCE) on the clinical signs of atopic dogs. Thirty client-owned dogs previously diagnosed with cAD 
were separated into placebo (n = 10) and MFSCE-treated groups (n = 20). The dogs were treated with a cream 
(MFSCE and placebo) via dermal administration twice daily for 14 days, and the clinical response was recorded 
on days 0, 7, and 14. The MFSCE-treated group showed significantly decreased severity of pruritus on day 14 
compared to that on day 0. In addition, the erythema, pigmentation, skin dryness, and thickness were remarkably 
decreased in the MFSCE-treated group on day 14 compared to those on day 0 whereas no significant changes were 
observed in the placebo-treated group. No general clinical signs or adverse effects were observed in this study. 
These results suggest that MFSCE could be a surrogate treatment option for cAD.
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Canine atopic dermatitis (cAD), a common skin 
disorder manifesting as chronic inflammation re-
sulting from genetic and environmental factors, 
is becoming increasingly prevalent (Marsella 2021). 
Atopic dermatitis is accompanied by various clinical 
symptoms. Pruritus and erythema are the primary 
clinical signs, while hyperpigmentation and lichen-
ification are secondary clinical signs (El Hachem 
et al. 2020). These clinical signs may be accompa-
nied by self-trauma. Various indices or scales are 
used to classify the severity of cAD, including the 
canine atopic dermatitis extent and severity index 
(CADESI) and pruritus visual analogue scale (PVAS) 
(Cosgrove et al. 2013). CADESI is the most com-

monly used index and is calculated based on the se-
verity of the lichenification and erythema at various 
body sites (Olivry et al. 2014). However, as CADESI 
does not include a pruritus scale, an additional scale 
for pruritus was used. Pruritus has various causes, 
such as skin barrier disruption, immunological dis-
orders, and central/peripheral neural abnormalities 
(El Hachem et al. 2020).

Although various treatments, including gluco-
corticoids, cyclosporin, and oclacitinib, are used 
for symptom relief (Forsythe and Paterson 2014; 
Gonzales et al. 2014), these are limited by adverse 
effects (Santoro 2019). Many studies have been 
conducted to develop alternative products with 
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enhanced efficacy and safety (Daltro et al. 2020; 
Wu et al. 2021).

Stem cells, defined as undifferentiated and multi-
potent cells, are a new therapeutic target for various 
diseases owing to their potential efficacy for differ-
entiation and regeneration in the body (Lee et al. 
2012). Among stem cells, human adipose-derived 
stem cells (ADSCs) have received attention for their 
characteristic advantages, including the same prop-
erties as bone marrow stem cells, their accessibility 
and abundance compared to other stem cells (Kern 
et al. 2006). Recent studies have reported the anti-
inflammatory, immunomodulatory, angiogenic, and 
wound healing effects of ADSCs (Lu et al. 2019) 
in addition to their anti-allergic effects (Jee et al. 
2013). However, the limitations in using ADSCs 
as therapeutics include a low engraftment ratio, 
oncogenic possibility, immune rejection, non-
specific differentiation, and short half-life (Marks 
et al. 2017). Various studies have been conducted 
to overcome these limitations (Kim and Park 2017).

A membrane-free stem cell extract (MFSCE), 
which includes 252  peptides from membrane-
removed ADSCs, was developed using a patented 
technology to overcome the disadvantages of ADSCs 
(Venkatarame Gowda Saralamma et  al. 2019). 
In a previous study, the total protein profile was 
identified using a liquid chromatography mass spec-
trometry (LC-MS) analysis, and the protein-protein 
interaction was identified using the Search Tool for 
the Retrieval of Interacting Genes (STRING) data-
base (Venkatarame Gowda Saralamma et al. 2019). 
MFSCE contains 9 proteins, which are related to the 
inflammatory response, and 36 proteins, which are 
related to the wound healing. Furthermore, integ-
rin (ITGB1) and annexin A1 (ANXA1) are included 
in MFSCE, which have anti-inflammatory effects via 
inhibiting the cytokine release in the macrophages 
(Venkatarame Gowda Saralamma et  al. 2019). 
We also demonstrated the anti-inflammatory ef-
fect of MFSCE in lipopolysaccharide (LPS)-induced 
RAW264.7 cells (Venkatarame Gowda Saralamma 
et al. 2019). Moreover, MFSCE also inhibited in-
terleukin-1alpha (IL-1α)-stimulated inflamma-
tion in rat primary chondrocytes (Lee et al. 2019). 
However, the anti-cAD effects of MFSCE in animals 
have not yet been reported. Thus, the present study 
evaluated the clinical effects of MFSCE on cAD. The 
clinical responses, as well as the general signs and 
symptoms of cAD, were also studied to determine 
the adverse effects of MFSCE.

MATERIAL AND METHODS

Experimental design

This was a placebo-controlled clinical trial. All the 
owners signed an informed consent form for clini-
cal trials before enrolling their animals in the study.

Experimental procedures

STEM CELL COLLECTION AND 
MANIPULATION

The MFSCE from human ADSCs was provided 
by T-Stem Co., Ltd. (Changwon, Republic of Korea) 
as previously described (Park et al. 2021). Stem 
cells from healthy females in their twenties were 
separated, purified, and cultured in an incuba-
tor with 5% CO2 at 37 °C. The donors underwent 
blood tests to check compatibility according to the 
Korean Food and Drug Administration. The cells 
were sub-cultured and extracted at passages 5–7. 
The cells were collected and their membranes 
were removed by ultrasonication and centrifuga-
tion. The supernatant was then filtered to collect 
the peptides. The non-toxicity of the MFSCE, the 
final product, was identified via nine safety tests 
performed by the Good Laboratory Practice ac-
creditation authority.

MFSCE TREATMENT TO PARTICIPANTS 
ACCORDING TO THE GROUP

This randomised, blind, placebo control study in-
cluded 30 dogs with spontaneous mild to moderate 
cAD. The cAD diagnosis was based on published 
guidelines (Hillier et al. 2014) and any dogs with 
a history of corticosteroid or cyclosporin treatments 
within 4 weeks of the experiment were excluded. 
The dogs were randomly assigned to treatment 
groups receiving the MFSCE (n = 20) or placebo 
(n = 10). The MFSCE-treated group was admin-
istered 3.5 ml of cream containing 5% of MFSCE 
and 95% of an additive [water (56.2%), glycerine 
(7%), caprylic/capric triglyceride (5%), propanediol 
(5%), shea butter (3%), niacinamide (2%), and other 
29 ingredients (less than 2%)], while the placebo 
group was administered 3.5 ml of a cream con-
sisting of 100% the additive. Each dog was treated 
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Figure 1

with a cream (placebo or the MFSCE) via dermal 
administration twice daily for 14 days. To evaluate 
the symptoms, the dogs with their owners visited 
the hospital on days 0, 7, and 14. The overall study 
timeline is shown in Figure 1.

EVALUATION OF CLINICAL EFFICACY

The clinical efficacy of cAD was evaluated based 
on five categories: pruritus, erythema, pigmenta-
tion, dryness, and change in skin thickness.

The pruritus score was based on five behavioural 
indices: 0 – no pruritus at the lesion with comfort-
able behaviour; 1 – apparent pruritus at the lesion 
with comfortable behaviour; 2 – slight scratching 
of the lesion with uncomfortable behaviour; 3 – 
severe scratching of the lesion with uncomfortable 
behaviour; and 4 – severe scratching of the lesion, 
lesion bleeding, and uncomfortable behaviour.

The erythema score was evaluated according 
to  the presence of  five symptoms at  the lesion: 
0 – no erythema; 1 – no erythema, but a slight 
colour change; 2 – slight erythema; 3 – moderate 
erythema; and 4 – severe erythema.

The pigmentation score was based on the evalua-
tion of five lesion symptoms: 0 – no pigmentation; 
1 – no pigmentation, but a slight colour change; 
2 – slight pigmentation; 3 – moderate pigmenta-
tion; and 4 – severe pigmentation.

The dryness score was evaluated according 
to five lesion symptoms and behavioural indices: 
0 – no skin dryness; 1 – dryness without corne-
ous exfoliation; 2 – no corneal exfoliation with 
pruritus  behaviour; 3  – corneous exfoliation 
with pruritus behaviour; and 4 – severe corneous 
exfoliation with pruritus behaviour.

Finally, the skin thickness score was evaluated 
based on five lesion symptoms and behavioural in-
dices: 0 – soft skin without increased skin thickness; 
1 – rough skin without increased skin thickness; 2 – 
rough skin with other symptoms such as pruritus, 
dryness, erythema, or pigmentation; 3 – increased 
skin thickness with other symptoms such as pruri-
tus, dryness, erythema, or pigmentation; and 4 – 
severely increased skin thickness with other severe 
symptoms such as pruritus, dryness, erythema, 
or pigmentation.

The adverse effects were evaluated by observing 
the general symptoms. The general symptoms and 
scores are shown in Table 1. The progress of the 

Figure 1. Study timeline of the MFSCE treatment and the assessment of the clinical and general signs
MFSCE = membrane-free stem cell extract

Table 1. General behavioural evaluation criteria to eval-
uate the adverse effect in dogs

Score Clinical sign
1 Anorexia
1 Ocular discharge

1 Other skin disease in an area unrelated to the 
lesion

1 Alopecia in an area unrelated to the lesion
1 Nasal discharge
2 Fever
2 Abnormalities of urination and defecation
3 Abnormalities of respiration
4 Inability to walk
5 Inability to stand
10 Death

Total score Clinical sign
0–5 Study continuation
6–9 Consider stopping the study
≥ 10 Study cessation

No treatment MFSCE (twice daily)

Day –28 Day 0 Day 7 Day 14

· Clinical trial enrollment · Clinical signs
· General signs

· Clinical signs
· General signs

· General signs
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study was determined according to  the general 
symptom scores: 0–5, study continuation; 6–9, con-
sideration of stopping the study; and ≥ 10, study 
cessation.

Statistical analysis

The statistical analysis was performed using 
GraphPad Prism v2.00 (GraphPad Software, USA). 
All the data are expressed as the mean ± standard 
deviation.

Both groups were compared using paired 
Student’s t-tests. Significance defined as P < 0.05.

RESULTS

MFSCE effect on pruritus

The pruritus score of the MFSCE-treated group 
decreased significantly after 14 days of treatment 
(0.90 ± 0.85) compared to that at day 0 (3.15 ± 0.75, 
P < 0.05), while no changes were observed in the 
placebo group (2.50 ± 0.53 at day 0 and 2.10 ± 0.88 
at day 14) (Figure 2A).

MFSCE effect on erythema and 
pigmentation

The erythema score of the MFSCE-treated group 
decreased significantly after 14 days of treatment 
(1.05 ± 0.76) compared to that at day 0 (2.80 ± 0.77, 
P < 0.05), while no changes were observed in the 
placebo group (2.10 ± 0.74 at day 0 day and 2.30 ± 
0.82 at day 14) (Figure 2B). The pigmentation score 
of the MFSCE-treated group also decreased signifi-
cantly after 14 days of treatment (1.25 ± 0.97) com-
pared to that at day 0 (2.70 ± 0.80, P < 0.05), while 
no changes were observed in the placebo group 
(1.50 ± 0.71 at day 0 and 1.50 ± 0.71 at day 14) 
(Figure 2C).

MFSCE effect on anti-dryness and skin 
thickness

The dryness score of the MFSCE-treated group 
decreased significantly after 14 days of treatment 
(1.15 ± 0.93) compared to that at day 0 (3.35 ± 0.67, 
P < 0.05), while no changes were observed in the 
placebo group (2.50 ± 1.27 at day 0 and 2.70 ± 1.06 
at day 14) (Figure 2D). The skin thickness score 

Figure 2. Changes in the clinical scores after the membrane-free stem cell extract (MFSCE) treatment
The placebo or MFSCE treatment was administered dermally twice daily for 14 days (placebo: n = 10; MFSCE: n = 20); The 
data are expressed as the mean ± standard deviation of the mean
*P < 0.05
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of the MFSCE-treated group decreased significant-
ly after 14 days of  treatment (0.60 ± 0.68) com-
pared to that at day 0 (2.55 ± 0.89, P < 0.05), while 
no changes were observed in the placebo group 
(2.50 ± 1.27 at day 0 and 2.70 ± 1.06 at day 14) 
(Figure 2E). No adverse effects were observed in any 
of the dogs included in this study (data not shown).

DISCUSSION

This is the first study to demonstrate the treat-
ment effect of MFSCE on cAD without adverse 
effects in dogs. All the clinical signs related to cAD, 
including pruritus, erythema, pigmentation, dry-
ness, and increased skin thickness, were significant-
ly improved after 14 days of treatment. No changes 
in the general symptoms were observed during this 
period; thus, MFSCE had no adverse effects.

Among the various treatments used for cAD, topi-
cal treatments such as ointments, creams, or lotions 
are commonly used (Ference and Last 2009) due 
to the adverse effects of systemic treatments despite 
their excellent efficacy (Nuttall 2020). Although 
topical glucocorticoids (TGCs) have shown thera-
peutic effects over short treatment periods, their 
long-term use (> 3 weeks) is prohibited due to their 
adverse effects (Ference and Last 2009). TGCs also 
have some limitations owing to their low absorption 
ratio (De Souza and Strober 2008). Furthermore, 
there are some reports that TGCs may suppress the 
hypothalamic-pituitary-adrenal axis when applied 
topically to the dorsal cervical skin (Behrend and 
Kemppainen 1997). Therefore, many studies have 
been conducted on alternative drugs. Recently, stem 
cell therapy has been reported to attenuate cAD (de 
Oliveira Ramos et al. 2020). Villatoro et al. (2018) 
demonstrated attenuation of cAD by transplantation 
of canine adipose-derived mesenchymal stem cells. 
Villatoro et al. (2018) reported pruritus relief 1 week 
after treatment, while the other symptoms included 
in the cAD extent and severity index (CADESI) im-
proved 4 weeks after treatment. No adverse effects 
were observed up to 6 months after treatment.

In the present study, the pruritus, erythema, pig-
mentation, dryness, and skin thickness improved 
after 2 weeks of MFSCE treatment. These results 
indicated that MFSCE showed a faster therapeutic 
effect compared to that of conventional stem cell 
therapy. MFSCE also has the advantage of being 
non-invasive compared to conventional stem cell 

therapy. In the present study, we observed no gen-
eral symptomatic changes to evaluate the adverse ef-
fects. In a previous study, we identified that the daily 
dermal treatment of 0.4 ml of MFSCE for 13 weeks 
did not have any toxicity in a rodent 13-week re-
peat-dose toxicity study performed at the Good 
Laboratory Practice institution (data not shown). 
The 0.4 ml/head for a rat is converted to 12 ml/
head for a dog in using the equivalent dose formula. 
In the present study, 175 ul of MFSCE (5% of 3.5 ml 
cream) was administered twice daily for 2 weeks and 
the anti-AD efficacy was shown. Therefore, we sug-
gest that MFSCE is not toxic, and not expected 
to show adverse effects in long-term use in dogs.

Although many mechanistic studies have been 
conducted, the exact mechanism of action of TGC 
remains unclear. While a previous study identified 
the anti-inflammatory mechanism of MFSCE in ke-
ratinocytes and fibroblasts (Lee et al. 2019), the 
pathological mechanism of AD remains unclear 
owing to its complex mechanisms resulting from 
a combination of various risk factors, including ge-
netic factors, environmental factors, skin perme-
ability, and immune system dysfunction. Chronic 
inflammation resulting from the overproduction 
of inflammatory cytokines such as IL-6, IL-5, IL-4, 
and IL-13 in TH2-polarised CD4+ T cells is an im-
portant mechanism of AD (Toshitani et al. 1993). 
The serum IL-6 concentration is positively corre-
lated with the AD severity (Samochocki et al. 2012). 
Therefore, IL-6 is an important target for AD treat-
ment. In a previous study, we evaluated the anti-
inflammatory effects of MFSCE on tumour necrosis 
factor-α (TNF-α) and interferon-γ (IFN-γ)-induced 
inflammatory keratinocytes and fibroblasts in a cell 
model (Lee et al. 2019). We observed that MFSCE 
inhibited not only the overexpression of IL-6, but 
also that of the JAK2/STAT3, NF-κB, and MAPK 
signalling pathways downstream of the IL-6 signal-
ling pathway. Therefore, these results suggest that 
MFSCE can attenuate cAD through the suppression 
of the IL-6 signalling pathway.

In the present study, we evaluated the degree 
of cAD by measuring the pruritus, erythema as pri-
mary lesions and pigmentation, dryness and skin 
thickness as secondary lesions to the cAD. Therefore, 
we evaluated all the primary and secondary clinical 
symptoms. MFSCE significantly decreased the se-
verity of the pruritus, erythema, pigmentation, dry-
ness, and skin thickness. As shown in Figure 3, most 
of the symptoms of cAD were diminished 14 days 
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Figure 3

after MFSCE treatment, compared to day 0. These 
data indicated that MFSCE attenuated both the pri-
mary and secondary symptoms of cAD. Therefore, 
it  is suggested that MFSCE may have potential 
as an anti-AD agent.

Among the various proteins included in MFSCE, 
ITGB1 and ANXA1 seem to have main roles of an-
ti-inflammation and wound healing. The anti-in-
flammatory effect of ITGB1 was identified using 
LPS-stimulated macrophages (Kong et al. 2020). 
The anti-inflammatory and wound healing effects 
of ANXA1 were also identified in various previous 
studies (Purvis et al. 2019). Therefore, it is suggested 
that ITGB1 and ANXA1 are the main components 
of MFSCE for the treatment on atopic dermatitis.

In this randomised, blind, placebo control study, 
14 days of treatment with MFSCE improved the 
clinical signs of cAD with no significant adverse ef-
fects. We also found that MFSCE showed excellent 
therapeutic efficacy over the short-term treatment. 
In addition, previous studies have confirmed the 
mechanism of action of MFSCE on cAD and its 
non-toxicity after long-term administration in ro-
dents (Ha et al. 2022). MFSCE may be a potential 
treatment option for cAD, but further studies are 
warranted.
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