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αADCMの製造工程	

脂肪組織	 動物由来成分不含完全無血清培地	
を用いた細胞培養	

間葉系幹細胞	
培地	

間葉系幹細胞	

培養上清＝ADCM	



αADCMの特徴	

純国産の培養上清	
•  日本人の脂肪組織由来	

•  日本で開発、製造された培地を使用	

•  日本で製造	

高い安全性	
•  完全無血清培地を使用	

•  全製造工程から動物抽出物を排除	

•  厳しいドナー選定基準	

•  ウイスルチェックとマイコプラズマチェックを実施	
	

種々の研究に好適	
•  間葉系幹細胞由来成長因子やサイトカインの研究	

•  エクソソームの研究	

•  細胞増殖への影響の研究	
•  疾病モデル動物への効果など	



インスリン	
•  αADCMは、約	0.12	U	/	mL	のインスリンを含有する。	
•  動物に投与する際、皮下注射や筋肉内注射では特に注意する必要はないが、静

脈内注射や点滴などの血管内投与や体腔内投与を行う際は、血糖値の低下に十
分気をつけること。	

•  血管内、体腔内への投与前後で血糖値をモニターし、低血糖に対して適切な処置
を施すこと。	

	

ゲンタマイシン	
•  αADCMは、アミノグリコシド系抗生物質ゲンタマイシンを含有する。	
•  研究に用いる動物や細胞が本抗生物質にアレルギーや感受性を示す場合は、使

用を避けること。	
	

温度管理	
•  解凍後はなるべく速やかに使用すること。	
•  凍結融解の繰り返しは避けること。	
•  使用前の温度の上昇は避けること。	

研究における注意点	



抗炎症/免疫抑制	

神経新生	

アポトーシス抑制	

産生因子効果	

シナプス新生	

髄鞘形成	

血管新生	

アストロサイトの増加	

引用） Front	Neurosci.	2013	24;7:194	より改変	

マクロファージの浸潤抑制	

間葉系幹細胞の分泌因子がもたらす効果	



培養上清を用いた研究例	
	

（αADCMを用いた研究例ではありません）	



研究：アトピー性皮膚炎への効果	
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ORIGINAL ARTICLE

The Effect of Adipose-Derived Stem Cell-Cultured 
Media on Oxazolone Treated Atopic Dermatitis-Like 
Murine Model

Hae-Jin Lee, M.D., Minyoung Jung, M.S., Jae-Hong Kim, M.D., Na Young Yoon, M.D., 
Eung Ho Choi, M.D., Ph.D.

Department of Dermatology, Yonsei University Wonju College of Medicine, Wonju, Korea

Background: A stem cell is an undifferentiated cell that has 
the potential for self-renewal and differentiation. Adipose- 
derived stem cells (ADSCs) have advantages in accessibility 
and abundance compared to other kinds of stem cells and 
produce many growth factors and hormones. Objective: We 
investigated whether ADSC cultured media could be used as 
a therapy for atopic dermatitis. Methods: ADSC cultured 
media was topically applied twice daily for 5 days to 
oxazolone-treated atopic dermatitis-like hairless mice. 
Results: Topical application of ADSC cultured media im-
proved the epidermal permeability barrier and keratinocyte 
differentiation, and restored the predominant Th2 pheno-
type when compared to vehicle. ADSC cultured media- 
treated epidermis also showed an increase in the expression 
of antimicrobial peptides cathelin-related antimicrobial 
peptide, mouse beta-defensein 3. Conclusion: Topical 
ADSC cultured media could be useful in the treatment of 
atopic dermatitis. (Ann Dermatol 24(2) 181�188, 2012)
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INTRODUCTION

Atopic dermatitis (AD) is a common, chronic inflammatory 
skin disorder characterized by pruritic skin lesions, immuno-
dysregulation, disrupted epidermal barrier function, and 
immunoglobulin E (IgE)-mediated sensitization to food and 
environmental allergens. The striking increase in the 
incidence of AD observed in recent decades has been 
attributed to the resettlement of populations from rural to 
urban areas, where a lack of early exposure to a variety of 
microbes purportedly results in reduced immune tole-
rance. Long-term systemic therapy or combinations of 
multiple treatments are often used in the management of 
AD. These conventional approaches for the treatment of 
AD include systemic and topical anti-inflammatory, anti- 
pruritic, and immunosuppressive agents, as well as photo-
therapy1. However, no single agent is always effective for 
the treatment of AD. Therefore, many studies have sought 
to develop novel agents or methods for the management 
of AD.
The stem cell is an undifferentiated cell that has the 
potential for self-renewal and differentiation. Recently, 
adult stem cells have received attention because they are 
associated with fewer ethical difficulties than embryonic 
stem cells and less potential risk of carcinogenesis. Among 
adult stem cells, adipose-derived stem cells (ADSCs), 
mesenchymal stem cells that are extracted from human 
adipose tissue, have essentially the same properties as 
stem cells derived from bone marrow2. Moreover, ADSC 
have relative advantages in accessibility and abundance 
compared to other types of adult stem cells and produce 
many growth factors and hormones. Recently, several 
studies of the mechanism of action of stem cells such as 
anti-inflammatory and immunomodulatory actions have 

HJ Lee, et al

182 Ann Dermatol

Fig. 1. Methods of multiple oxazolone (Ox) challenges and 
topical administration of adipose-derived stem cell cultured 
media.

been reported3-5. Therefore, we investigated whether ADSC 
cultured media could be used as a novel therapeutic 
modality for AD.
As a model of AD, an epidermal hyperproliferative model 
(ideally also accompanied by dermal inflammation) would 
be preferred to assess the therapeutic efficacy and to study 
the action mechanisms responsible for the efficacy of 
ADSC cultured media. Therefore, this study employed an 
oxazolone-induced AD-like mouse model6 to assess the 
therapeutic efficacy of topical ADSC cultured media.

MATERIALS AND METHODS

Animals and materials 

Twenty five female hairless mice (8 weeks old) were 
purchased from the animal laboratory of Yonsei Uni-
versity. Mice were kept under controlled humidity (40%) 
and temperature (22±2oC). 4-Ethoxymethylene-2-phenyl- 
2-oxazolin-5-one (oxazolone) and acetone were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). All laboratory 
measurements were performed under blinded conditions 
or by blinded researchers. Study sample sizes were deter-
mined based on available reference data for epidermal 
permeability barriers7.

Development and treatment of hapten-induced der-

matitis with features of AD in mice

All animal procedures were approved by the Yonsei Uni-
versity Wonju Campus Institutional Animal Care and Use 
Committee. Development of a hapten (oxazolone)-induced, 
murine model with multiple features of AD (oxazolone- 
AD) was described in previous studies6. Each group (n=6 
for each) of mice was sensitized by one topical treatment 
with 60 �l of 5% oxazolone, while the ethanol-treated 
vehicle group (n=6) served as the control (Fig. 1). After 13 
days of multiple oxazolone challenges, all mice were 
evaluated the basal transepidermal water loss (TEWL), 
stratum corneum hydration and severity of erythema, and 
there is no statistical differences between each groups 
except the ethanol-treated vehicle group (data not shown).

Preparation of ADSC from adipose tissue and human 

fibroblasts

Subcutaneous adipose tissue was obtained from healthy 
female human donors and washed three times with 
phosphate buffered saline (PBS) to remove debris and red 
blood cells. Washed aspirates were digested with 0.075% 
collagenase (Type 1; Sigma-Aldrich) for 45 min at 37oC 
with constant shaking. Mature adipocytes and connective 
tissues were separated from the pellets by centrifugation at 
1,200 rpm for 10 min. Pellets were resuspended in PBS, 

passed through a 100 �m mesh filter, and washed twice 
with PBS. The cell pellets containing ADSC were 
resuspended in low glucose Dulbecco]s modified Eagle]s 
medium (DMEM; Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum  (Gibco) and 100 
U/ml penicillin and 100 �g/ml streptomycin (Gibco), and 
plated at a density of 2�3×105 cells/cm2 in T75 flasks. 
Cultures were maintained at 37oC in a humidified 
atmosphere containing 5% CO2. After 7�10 days, the 
cells were detached and remnant extract (media without 
cells) was used as ADSC cultured media. 
Human dermal fibroblastic MRC-5 cells were obtained 
from American Type Culture Collection (No. CCL-171; 
Manassas, VA, USA) and used as controls, and cultured in 
the aforementioned supplemented DMEM. 

Evaluation of the effects of ADSC cultured media 

After sensitization by oxazolone, 30 �l of ADSC cultured 
media were topically applied twice a daily with a 
micropipette on the dorsal skin ADSC cultured media 
applied (AM) group of each mouse for 10 days. For the 
control groups, minimal media applied (MM) group, 
fibroblast cultured media applied (FM) group and gluco-
corticosteroid (0.1% methylprednisolone aceponate cream, 
S) were topically applied (0.2 g twice daily). Twenty four 
hours after the last treatment, biopsy specimens were 
taken to evaluate changes in morphology and protein 
expression. 
Both at baseline and at the end of the treatment period, 
basal TEWL was measured with a Tewameter TM210 
electrolytic water analyzer (Courage and Khazaka, Cologne, 
Germany) and was stratum corneum (SC) hydration assessed 
as capacitance with a Corneometer CM820 (Courage and 
Khazaka) was measured immediately before each appli-
cation of oxazolone and at 24 hours after the final 
application of oxazolone as described previously8.

Tissue preparation, immunohistochemistry, and immuno-

fluorescence

Terminal differentiation marker proteins of keratinocytes 
(filaggrin, involucrin, and loricrin; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA) were used for immune identifi-

30	μl	of	ADMSC	conditioned	medium	
(AM)	topically	applied	twice	a	daily	for	
10	days	

Make	atopic	dermatitis:	Topical	
treatment	with	60	μl	of	5%	oxazolone	
(Ox)	for	multiple	times.	

HJ Lee, et al

184 Ann Dermatol

Fig. 2. (A) Basal TEWL (gm�2h�1) was checked after the fifth challenge of oxazolone (MM-pre, AM-pre, FM-pre, S-pre). The AM 
group and S group showed significant decreases in TEWL after treatment (C-post, MM-post, AM-post, FM-post and S-post). (B) SC 
hydration after treatment. AM, FM, and S groups showed significant improvement of SC hydration. Data are expressed as mean±standard 
deviation; n=6 in MM, AM, and FM group; n=4 in C group; n=3 in S group. TEWL: transepidermal water loss, SC: stratum corneum, 
C: control group, MM: minimal media applied group, AM: adipose-derived stem cell cultured media applied group, FM: fibroblast 
cultured media applied group, S: steroid applied group.

Fig. 3. Gross lesions of pre- and post-treatment with media in
the atopic dermatitis model. The AM group and S group showed
an improvement in skin lesions grossly. C: control group, MM:
minimal media applied group, AM: adipose-derived stem cell
cultured media applied group, FM: fibroblast cultured media 
applied group, S: steroid applied group.

group, and S group improved the hydration of the stratum 
corneum compared with the MM group (Fig. 2B). Topical 
application of ADSC cultured media also improved visible 
lesions (Fig. 3). Skin that was treated with ADSC extracts 
in the absence of multiple oxazolone challenges showed 
no changes in barrier function (data not shown).

Topical ADSC cultured media reverses the predomi-
nant Th2 phenotype and increases keratinocyte 
differentiation

We next determined whether the oxazolone-induced 
murine model of AD displayed the Th2 dominant 
immunophenotype and whether abnormal keratinocyte 
differentiation was reversed. After repeated oxazolone 
challenges, lymphocyte-dominant infiltrates increased pro-
gressively with some lymphocytes appearing to invade the 
overlying epidermis. Most became CRTH2-positive, indi-
cating a Th2 phenotype. Epidermal manifestations of 
filaggrin, loricrin, and involucrin, which represent the 
differentiation marker proteins of keratinocytes, decreased. 
In the AD-like model, topical application of ADSC cultured 
media resulted in a significant decrease in CRTH2 
immunostaining, representing Th2 lymphocytes, and also 
resulted in a significant increase in the markers for 
keratinocyte differentiation (Fig. 4) compared with the 
MM and FM groups (p�0.05). In addition, there are no 
significant changes of keratinocyte differentiation that was 
treated with ADSC extracts in the absence of oxazolone 
challenges (data not shown).

Topical ADSC cultured media reverses the expression 
of AMP at both the mRNA and protein levels, which is 
reduced in the AD model

The epidermal permeability barrier and AMP expression 
are co-regulated and have interrelated functions. We, 
therefore, assessed whether topical ADSC extracts reversed 

MM:	Minimal	Essential	Medium	
AM:	Adipose-Derived	Stem	Cell-Conditioned	Medium	

Pre-treatment	 Post-treatment	

AMの患部への塗布により	

-  表皮のバリア機能の改善	

-  ケラチノサイトへの分化促進	

-  抗菌ペプチド発現促進	
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Abstract: The immunomodulatory e↵ects of mesenchymal stem cells (MSCs) are established. However,
the e↵ects of MSCs on neutrophil survival in acute lung injury (ALI) remain unclear. The goal of
this study was to investigate the e↵ect of an MSC-conditioned medium (MSC-CM) on neutrophil
apoptosis in endotoxin-induced ALI. In this study, an MSC-CM was delivered via tail vein injection
to wild-type male C57BL/6 mice 4 h after an intratracheal injection of lipopolysaccharide (LPS).
Twenty-four hours later, bronchoalveolar lavage fluid (BALF) and lung tissue were collected to perform
histology, immunohistochemistry, apoptosis assay of neutrophil, enzyme-linked immunosorbent
assays, and an electrophoretic mobility shift assay. Human neutrophils were also collected from
patients with sepsis-induced acute respiratory distress syndrome (ARDS). Human neutrophils were
treated in vitro with LPS, with or without subsequent MSC-CM co-treatment, and were then analyzed.
Administration of the MSC-CM resulted in a significant attenuation of histopathological changes,
the levels of interleukin-6 and macrophage inflammatory protein 2, and neutrophil accumulation
in mouse lung tissues of LPS-induced ALI. Additionally, MSC-CM therapy enhanced the apoptosis
of BALF neutrophils and reduced the expression of the anti-apoptotic molecules, Bcl-xL and Mcl-1,
both in vivo and in vitro experiments. Furthermore, phosphorylated and total levels of nuclear factor
(NF)-B p65 were reduced in lung tissues from LPS +MSC-CM mice. Human MSC-CM also reduced
the activity levels of NF-B and matrix metalloproteinase-9 in the human neutrophils from ARDS
patients. Thus, the results of this study suggest that the MSC-CM attenuated LPS-induced ALI by
inducing neutrophil apoptosis, associated with inhibition of the NF-B pathway.

Int. J. Mol. Sci. 2019, 20, 2208; doi:10.3390/ijms20092208 www.mdpi.com/journal/ijms
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Figure 1. A tail vein injection of the MSC-CM improved the histological features of LPS-induced ALI 
in male C57BL/6 mice. (A) H&E staining demonstrates that lung injury was significantly attenuated 
in the mice that received LPS + MSC-CM compared with LPS alone. The control mice and MSC alone 
mice exhibited minimal histopathologic abnormalities. Magnification = 100×. Scale bar = 100 μm. (B) 
The lung injury scores were also significantly decreased in the mice that received LPS + MSC-CM 
compared with LPS alone. Data are presented as the mean ± SD. * p < 0.05, compared to the controls; 
** p < 0.05, compared to the LPS group; n = 6 per group. 

2.2. Effects of MSC-CM on Proinflammatory Cytokines in Lung Tissues 

IL-6 and MIP-2 are well-characterized proinflammatory markers due to their increased 
expression in a number of inflammatory diseases, including ALI. The expression of IL-6 was detected 
in lung tissue extracts prepared from control, MSC-CM, LPS, and LPS + MSC-CM mouse lungs. 
ELISA data showed that significantly higher concentrations of IL-6 were present in the LPS group 
compared to the control group (Figure 2A). Similarly, when the expression of MIP-2 was detected in 
lung extracts collected from the four experimental mouse groups (with MIP-2 also being a marker of 
neutrophil recruitment), the highest concentration of MIP-2 was in the LPS group compared to the 
control (Figure 2B). For both IL-6 and MIP-2, their levels were significantly reduced following 
administration of the MSC-CM (LPS+MSC-CM) compared to the LPS group (Figure 2). However, 
there were no significant differences in the levels of IL-6 and MIP-2 between the mice treated with 
the MSC-CM alone (MSC) and the control mice (Control). 

Figure 1. A tail vein injection of the MSC-CM improved the histological features of LPS-induced ALI
in male C57BL/6 mice. (A) H&E staining demonstrates that lung injury was significantly attenuated in
the mice that received LPS +MSC-CM compared with LPS alone. The control mice and MSC alone
mice exhibited minimal histopathologic abnormalities. Magnification = 100⇥. Scale bar = 100 µm.
(B) The lung injury scores were also significantly decreased in the mice that received LPS +MSC-CM
compared with LPS alone. Data are presented as the mean ± SD. * p < 0.05, compared to the controls;
** p < 0.05, compared to the LPS group; n = 6 per group.

2.2. E↵ects of MSC-CM on Proinflammatory Cytokines in Lung Tissues

IL-6 and MIP-2 are well-characterized proinflammatory markers due to their increased expression
in a number of inflammatory diseases, including ALI. The expression of IL-6 was detected in lung tissue
extracts prepared from control, MSC-CM, LPS, and LPS +MSC-CM mouse lungs. ELISA data showed
that significantly higher concentrations of IL-6 were present in the LPS group compared to the control
group (Figure 2A). Similarly, when the expression of MIP-2 was detected in lung extracts collected
from the four experimental mouse groups (with MIP-2 also being a marker of neutrophil recruitment),
the highest concentration of MIP-2 was in the LPS group compared to the control (Figure 2B). For
both IL-6 and MIP-2, their levels were significantly reduced following administration of the MSC-CM
(LPS+MSC-CM) compared to the LPS group (Figure 2). However, there were no significant di↵erences
in the levels of IL-6 and MIP-2 between the mice treated with the MSC-CM alone (MSC) and the control
mice (Control).
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Figure 1. A tail vein injection of the MSC-CM improved the histological features of LPS-induced ALI
in male C57BL/6 mice. (A) H&E staining demonstrates that lung injury was significantly attenuated in
the mice that received LPS +MSC-CM compared with LPS alone. The control mice and MSC alone
mice exhibited minimal histopathologic abnormalities. Magnification = 100⇥. Scale bar = 100 µm.
(B) The lung injury scores were also significantly decreased in the mice that received LPS +MSC-CM
compared with LPS alone. Data are presented as the mean ± SD. * p < 0.05, compared to the controls;
** p < 0.05, compared to the LPS group; n = 6 per group.

2.2. E↵ects of MSC-CM on Proinflammatory Cytokines in Lung Tissues

IL-6 and MIP-2 are well-characterized proinflammatory markers due to their increased expression
in a number of inflammatory diseases, including ALI. The expression of IL-6 was detected in lung tissue
extracts prepared from control, MSC-CM, LPS, and LPS +MSC-CM mouse lungs. ELISA data showed
that significantly higher concentrations of IL-6 were present in the LPS group compared to the control
group (Figure 2A). Similarly, when the expression of MIP-2 was detected in lung extracts collected
from the four experimental mouse groups (with MIP-2 also being a marker of neutrophil recruitment),
the highest concentration of MIP-2 was in the LPS group compared to the control (Figure 2B). For
both IL-6 and MIP-2, their levels were significantly reduced following administration of the MSC-CM
(LPS+MSC-CM) compared to the LPS group (Figure 2). However, there were no significant di↵erences
in the levels of IL-6 and MIP-2 between the mice treated with the MSC-CM alone (MSC) and the control
mice (Control).

•  エンドトキシン誘導性急性肺障害の緩和	
•  NF-κB経路抑制	
•  好中球のアポトーシス促進	
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Abstract

Background: Osteoarthritis (OA) is the most prevalent joint disease, and to date, no options for effective tissue
repair and restoration are available. With the aim of developing new therapies, the impact of mesenchymal stem
cells (MSCs) has been explored, and the efficacy of MSCs started to be deciphered. A strong paracrine capacity
relying on both secreted and vesicle-embedded (EVs) protein or nucleic acid-based factors has been proposed as
the principal mechanism that contributes to tissue repair. This work investigated the mechanism of internalization
of extracellular vesicles (EVs) released by adipose-derived MSCs (ASCs) and the role of shuttled miRNAs in the
restoration of homeostasis in an in vitro model of human fibroblast-like synoviocytes (FLSs) from OA patients.

Methods: ASC-EVs were isolated by differential centrifugation and validated by flow cytometry and nanoparticle
tracking analysis. ASC-EVs with increased hyaluronan (HA) receptor CD44 levels were obtained culturing ASCs on
HA-coated plastic surfaces. OA FLSs with intact or digested HA matrix were co-cultured with fluorescent ASC-EVs,
and incorporation scored by flow cytometry and ELISA. ASC-EV complete miRNome was deciphered by high-
throughput screening. In inflamed OA FLSs, genes and pathways potentially regulated by ASC-EV miRNA were
predicted by bioinformatics. OA FLSs stimulated with IL-1β at physiological levels (25 pg/mL) were treated with
ASC-EVs, and expression of inflammation and OA-related genes was measured by qRT-PCR over a 10-day time
frame with modulated candidates verified by ELISA.

Results: The data showed that HA is involved in ASC-EV internalization in FLSs. Indeed, both removal of HA matrix
presence on FLSs and modulation of CD44 levels on EVs affected their recruitment. Bioinformatics analysis of EV-
embedded miRNAs showed their ability to potentially regulate the main pathways strictly associated with synovial
inflammation in OA. In this frame, ASC-EVs reduced the expression of pro-inflammatory cytokines and chemokines
in a chronic model of FLS inflammation.

Conclusions: Given their ability to affect FLS behavior in a model of chronic inflammation through direct
interaction with HA matrix and miRNA release, ASC-EVs confirm their role as a novel therapeutic option for
osteoarthritic joints.
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Treat	fibroblast-like	synoviocytes	
(FLSs)	from	osteoarthritis	(OA)	patients	
with	(or	without)	human	adipose-
derived	mesenchymal	stem	cells	(ASC-
EVs)	

Measure	expression	of	inflammation	
and	OA-related	genes	

we opted for a protocol based on a prolonged 16-day
IL-1β treatment at physiological levels, with ASC-EVs
(EV:FLS ratio of 100,000:1) added 6 days after begin-
ning of IL-1β administration (time 0 for following
gene expression analysis) and maintained for add-
itional 10 days (time 10), with medium, IL-1β, and
EVs change every 2 days to avoid cytokine degrad-
ation or vesicle depletion (Fig. 7a).
First, 11 markers directly associated with FLS activation

[59] have been assayed by qRT-PCR in IL-1β-treated
samples at time points 0, 2, and 10 days to confirm induc-
tion and maintenance of inflammatory phenotype. These
markers were HAS1-2-3; MMP1-3-13, matrix metallopep-
tidases involved in extracellular matrix degradation;
CCL2-5, chemokines recruiting innate immune cells such
as lymphocytes and monocytes; IL-6 and CXCL8 (also
named IL-8), pro-inflammatory cytokine and chemokine,
respectively; and ICAM1, an adhesion molecule playing a
critical role in maintaining cell homeostasis. Increased
transcript levels (−ΔΔCt ≥ 1 with p ≤ 0.05 in inflamed
samples vs control cells) of HAS1, MMP1-3, CCL2-5, IL-6,
and CXCL8, whose protein products usually distinguish
OA joints, were scored (Fig. 7b) [60–62]. Further, HAS1
increment given by IL-1β is consistent with both pub-
lished data [63] and observed low molecular weight HA in
OA synovial fluid in vivo, since hyaluronan synthase 1 po-
lymerizes small HA chains (2 × 105 to 2 × 106 Da) with re-
spect to HAS2 that synthesizes very large HA molecules
(> 2 × 106 Da) [64]. In this frame, HAS1:HAS2 mRNA ra-
tio increased of 5.9 ± 2.3 fold (p < 0.0001). Moreover,
HAS1 increment also agrees with both high levels of HA
secretion observed for cultures exposed to IL-1β [65] and
the elevated HA amount in OA joints.
Then, the effect of EV supplementation on IL-1β stimu-

lated FLSs at early (2 days) and late (10 days) time points
(Fig. 7c) was scored. −ΔΔCt cutoff ≤ − 0.59 or ≥ + 0.59
(corresponding to 1.5 reduced or increased fold change)
coupled with a p ≤ 0.05 was selected to include also mild
but significant modulations. At 2 days, HAS1 and CXCL8
showed upregulation, with HAS3 and MMP1-13 being
downregulated. Higher CXCL8 levels could explain the sud-
den increase of infiltrated neutrophils in synovial fluid
treated with MSC-EVs in a porcine model of synovitis [66],
being IL-8 one of the most potent chemoattractant mol-
ecule. Conversely, at 10 days of EV administration, CCL2
and 5 and IL-6 resulted to be significantly downregulated,
with CCL2 and CCL5 returning at pre-inflammation basal
levels. Notably, CCL5 and IL-6 are the direct targets of
ASC-EV-embedded has-miR17-5p and has-miR106a-5p,
respectively. Moreover, CCL2-5 and IL-6 are regulated,
among others, by NF-KB and MAPK pathways, both target
of FLS-unshared ASC-EV miRNAs (MAPK cascade,
among DAVID identified Biological Process terms, with
p = 3.6E−1 and 3 genes). Finally, also CXCL8 showed a
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Fig. 7 IL-1β and EV effect on FLSs. a Experimental plan for IL-1β
inflammation and EVs supplementation in FLSs. IL-1β or IL-β + EVs
(100,000 EVs:FLS) were freshly added with medium change each 48
h. b IL-1β at low concentration activates inflammation markers.
Synoviocytes were treated with 25 pg/mL IL-1β and, after 6 days,
at time points 0, 2, and 10 days, 11 genes related to inflammation
were scored by qRT-PCR. The data are presented as −ΔΔCt relative
to the untreated control for each time point. *p ≤ 0.05, **p < 0.01,
***p < 0.001. c EVs are able to reduce secretion of chemokines and
cytokines under inflammation stimuli. FLSs treated with 25 pg/mL
of IL-1β for 6 days were supplemented with EVs pooled from three
ASC supernatants and OA-related genes scored after 2 and 10 days.
Quantification of data is shown as mean ± SD and normalized for
TBP. The data are presented as −ΔΔCt relative to IL-1β only treated
FLSs. *p ≤ 0.05, **p < 0.01, ***p < 0.001. d ELISA assays confirm
reduction of inflammation-related CCL2/CCL5 chemokines and IL-6
after 10-day EV exposure. Quantification of data is shown as mean
± SD. *p ≤ 0.05, ***p < 0.001, ****p < 0.0001
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•  EVs	are	able	to	reduce	secretion	of	
chemokines	and	cytokines	under	
inflammation	stimuli.		



研究：炎症性疼痛への効果	

CM投与により	
•  浮腫形成が抑制された	
•  熱痛覚過敏が抑制された	
•  血漿中の炎症性サイトカインTNF-α

の濃度上昇が抑制された	
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Abstract: Neuroinflammation plays a crucial role in expression of symptoms of numerous autoimmune and neurodegenerative diseases such as pain during 
rheumatoid arthritis. Overproduction of pro-inflammatory cytokines and activation of intracellular signaling pathways have been strongly implicated in the gene-
ration of pathological pain states, particularly at central nervous system sites and induction of spinal neuroinflammatory symptoms. The wide ranges of research to 
define new therapeutic approaches, including neuroimmune-modulators like stem cells are in progress. Mesenchymal stem cells conditioned medium (MSC-CM) 
has anti-inflammatory factors which can regulate the immune responses. The aim of this study was to investigate the effect of administration of MSC-CM on beha-
vioral, cellular and molecular aspects of adjuvant-induced arthritis in male Wistar rats. Complete Freund’s adjuvant (CFA)-induced arthritis (AA) was caused by 
single subcutaneous injection of CFA into the rat’s hind paw on day 0. MSC-CM was administered daily (i.p.) and during the 21 days of the study after injection. 
Hyperalgesia, Edema, Serum TNF-α levels and p38MAPK and NF-κB activities were assessed on days 0,7,14 and 21 of the study. The results of this study indica-
ted the role of MSC-CM in reducing inflammatory symptoms, serum TNF-α levels and activity of intracellular signaling pathway factors during different phases 
of inflammation caused by CFA. It seems that MSC-CM treatment due to its direct effects on inhibition of intracellular signaling pathways and pro-inflammatory 
cytokines can alleviate inflammatory symptoms and pain during CFA-induced arthritis.

Key words: Neuroinflammation; Rheumatoid arthritis; MSC-CM; Hyperalgesia; Edema; TNF-α; P38MAPK; NF-κB.

Introduction

Nowadays, a considerable body of work has sug-
gested that peripheral inflammation and central neuroim-
mune cell activation lead to production of inflammatory 
cytokines, and expression of surface antigens which can 
spark-off central nervous system (CNS) immunologi-
cal cascades (1). So, numerous pain mediators which 
can sensitize and lower the threshold of neuronal firing, 
increase responses to suprathreshold stimuli, and stimu-
late ongoing spontaneous activity in the dorsal horn of 
the spinal cord have been produced. Consequently, spi-
nal neuroinflammation predominantly incur central sen-
sitization, which refers to an enhanced responsiveness 
of nociceptors in the CNS to afferent inputs (2). 

Pro-inflammatory cytokines are pivotal mediators of 
neuroinflammation which can cause sensitization, and 
neuropeptides secreted from nociceptors can, in turn, 
accentuate the inflammatory responses and orchestrated 
actions of immune cells. These findings proposed that 
alterations which are caused by central sensitization are 
manifested in both behavioral and spinal neuroinflam-
matory responses (1, 2). Moreover, constitutive overpro-
duction of spinal pro-inflammatory cytokines, including 
tumor necrosis factor-alpha (TNF-α) and interleukin-
1beta (IL-1β) in damaged cells and areas, has been 
implicated to play a pathologic role in the neuroinflam-
mation, chronic autoimmune and neurodegenerative 

disorders pathogenesis such as Rheumatoid Arthritis 
(RA). RA is a severe chronic inflammatory autoimmune 
disease which is characterized by progressive cartilage 
destruction, hyperalgesia and edema (3, 4). Increased 
levels of serum TNF-α play an extremely central role in 
driving spinal neuroinflammation, hyperplasia and ag-
gregation of leukocytes in the area (5). Several studies 
have demonstrated roles for P38MAPK (P38 mitogen-
activated protein kinases) in microglia and astrocyte 
driven spinal neuroinflammation. P38MAPK activation 
followed by the expression of NF-κB (Nuclear factor 
κ-light-chain-enhancer of activated B cells) participates 
in the production of cytokines and chemokines and also 
plays a pivotal role in the development of hyperalgesia 
and spinal neuroinflammatory symptoms (6, 7). Studies 
have shown that inhibition of pro-inflammatory cyto-
kines and intracellular signaling pathways are effective 
in reducing the neuroinflammatory symptoms such as 
pain, bone and cartilage destruction in RA (4, 8). 

One area that has emerged as a promising therapeu-
tic objective for the treatment of RA and alleviation of 
spinal neuroinflammatory symptoms is the modulation 
of CNS immunological responses. The uses of synthe-
tic drugs such as corticosteroids, which are commonly 
prescribed for the treatment of inflammatory diseases, 
are associated with many downsides. So, the wide 
ranges of research to define new therapeutic approaches, 
including neuroimmune-modulators like stem cells are 
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炎症性疼痛モデルラット	
（Complete	Freund’s	adjuvant	(CFA)	を
後肢に皮下注射）	

ラット骨髄由来間葉系幹細胞から調整
された培養上清（CM）を21日間腹腔内
投与	
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MSC-CM alleviates arthritis symptoms.
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Paw edema variations during different stages of ar-
thritis inflammation

CFA injection into the rat’s hind paw induced inflam-
mation and edema in the affected paw, which continued 
until 21 days after CFA injection. Paw volume on days 
7, 14 and 21 compared with baseline in the CFA group 
noticeably increased (P≤0.01 for day 7 and P≤0.001 
for day 14 and 21). No significant differences in paw 
volume was shown in the CFA Control, Sham and 
CFA+FBS groups compare with their baselines (The-
refore, the results of the sham and CFA+FBS groups 
are not shown graphically) (Figure 3a). Paw edema was 
significantly reduced in the CFA+CM group on days 
7, 14 and 21 compared with the same days in the CFA 
group (P≤0.05 for day 7, P≤0.01 for day 14 and P≤0.001 
for day 21). Continuing injection of MSC-CM declined 
paw edema in the CFA+CM group, so that at day 21 of 
the study, no significant difference in paw edema in the 
CFA+CM group in comparison with the CFA Control 
group was observed (Figure 3b).

Thermal hyperalgesia variations during different 
stages of arthritis inflammation

CFA injection in the rat’s hind paws induced inflam-
mation and hyperalgesia, which continued up to day 21. 
Hyperalgesia significantly increased on the 7th day in 
the CFA group (P≤0.01), but remarkably decreased on 
days 14 and 21 of the study. However, there was still a 
significant increase compared to baseline (P≤0.01). No 
significant differences in PWL was observed in the CFA 
Control, Sham and CFA+FBS groups compare with 
their baselines (Therefore, the results of the sham and 
CFA+FBS groups are not shown graphically). Daily in-
jection of MSC-CM significantly declined hyperalgesia 
in the CFA+CM group, as the continuity of this injec-
tion for 21 days also reduced hyperalgesia even more 
than the day zero (P≤0.05)(Figure 4a). Hyperalgesia si-
gnificantly reduced in the CFA+CM group on days 7, 14 
and 21 compared with the CFA group (P≤0.05 for day 7 
and P≤0.001 for days 14 and 21). Significant differences 
in the PWL in different time points of the study between 
CFA and CFA Control groups were shown (P≤0.001)
(Figure 4b).

Figure 3. Paw edema significantly increased in CFA group 
compared with baseline in different time points of the study. Long-
term administration of MSC-CM was noticeably downturned paw 
edema. Results as Mean±SEM (n=6/group) stated. **P≤0.01 and 
***P≤0.001 for comparison of paw edema variations between 
baseline and different days of the study in CFA group. †P≤0.05 
and ††P≤0.01 for comparison of paw edema variations between 
baseline and different days of the study in the CFA+CM group. 
ΔP≤0.05 and ΔΔP≤0.01 for indicating the changes in paw edema 
at days 14 and 21 compared with day 7 in CFA+CM group. b CFA 
injection considerably increased paw edema, while MSC-CM 
injection caused a significant reduction in paw edema compared 
with CFA group. Results as Mean±SEM (n=6/group) stated. 
*P≤0.05, **P≤0.01 and ***P≤0.001 for comparison of paw edema 
variations between CFA and CFA+CM groups in the same days. 
ΔP≤0.05 and ΔΔP≤0.01 for comparison of paw edema variations 
between CFA+CM and CFA Control groups in the same days. 
ϴϴP≤0.01 for comparison of differences in paw edema variations 
in CFA and CFA+CM groups at day 14 compared with day 21.

Figure 4. a. Hyperalgesia significantly increased in different time 
points of the study in the CFA group compared with baseline and 
long-term administration of MSC-CM remarkably decreased 
thermal hyperalgesia. Results as Mean±SEM (n=6/group) stated. 
**P≤0.01 and ***P≤0.001 for comparison of the paw withdrawal 
latency variations between baseline and different days of the study 
in CFA group. †P≤0.05 and ††P≤0.01 for comparison of paw 
edema variations between baseline and different days of the study 
in CFA+CM group. ΔΔP≤0.01 and ΔΔΔP≤0.001 for comparison 
of changes in hyperalgesia at days 14 and 21 compared with 
day 7 in CFA+CM group. b. CFA injection noticeably increased 
hyperalgesia while MSC-CM injection significantly declined 
hyperalgesia compared with CFA group. Results as Mean±SEM 
(n=6/group) stated. *P≤0.05 and ***P≤0.001 for comparison of 
hyperalgesia variations between CFA and CFA+CM groups in the 
same days. ϴϴϴP≤0.001 for comparison of differences in paw 
edema variations in CFA and CFA+CM groups at days 7 and 14 
compared with day 21.
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Serum TNF-α levels variations during different 
stages of arthritis inflammation

Arthritis caused by CFA injection, significantly in-
creased serum levels of TNF-α on different time points 
of the study in the CFA group compared with day zero 
(P≤0.001). No significant differences in serum levels 
of TNF-α was observed in the CFA Control, Sham and 
CFA+FBS groups compare with their baselines (The-
refore, the results of the sham and CFA+FBS groups 
are not shown graphically). Significant differences in 
the serum TNF-α levels on different days between CFA 
and CFA Control groups were observed (P≤0.001). 
Serum levels of TNF-α were decreased considerably 
in the CFA+CM group compared with the CFA group 
(P≤0.001) (Figure 5).

Spinal Pp38MAPK/P38MAPK expression variations 
during different stages of arthritis inflammation

In order to detect spinal P38MAPK enzyme activity, 
Pp38MAPK monoclonal antibody was used. Protein 
expression of P38MAPK indicated resembling bands 
with molecular masses of nearly 42 kDa in the spinal 
cord tissues of all experimental groups. P38MAPK was 
considered as a housekeeping protein. Accordingly, for 
normalizing the differences in protein loading, all the 
data were represented as Pp38/P38MAPK ratios. Im-
muno-specificity was corroborated by the absence of 
immune-reactive bands when the membrane was pre-
incubated with an antigenic peptide prior to antibody 
incubation. 

Densitometry of the data which were obtained from 
the Western blotting technique illustrated that phospho-
rylation of  P38MAPK enzyme in the spinal cord of rats 
in the CFA group significantly increased in different 
days of the study compared to day zero (P≤0.01 for day 7 
and P≤0.001 for day 14 and 21). No significant changes 
in the spinal Pp38/P38MAPK activity was observed in 
the CFA Control, Sham and CFA+FBS groups compare 
with their baselines (Therefore, the results of the sham 
and CFA+FBS groups are not shown graphically). Spi-

nal Pp38/P38MAPK activity noticeably decreased on 
days 14 and 21 in the CFA+CM group compared with 
the CFA group (P≤0.01 for day 14 and P≤0.001 for day 
21). This reduction in day 21 was in such a way that 
no considerable differences in the Pp38/P38MAPK acti-
vity in the CFA+CM group compared with CFA control 
group was observed (Figure 6a, b).

Spinal NF-κB expression variations during different 
stages of arthritis inflammation

In order to detect spinal NF-κB expression, anti-NF-
κB p65 polyclonal antibody was used. Protein expres-
sion of NF-κB indicated resembling bands with mole-
cular masses of nearly 64 kDa in the spinal cord tissues 
of all experimental groups. Beta-actin was considered 
as a loading control protein. Accordingly, for normali-
zing the differences in protein loading, all the data were 
represented as NF-κB/Beta-actin ratios. Immuno-speci-
ficity was corroborated by the absence of immune-reac-

Figure 5. TNF-α levels were considerably increased in different 
time points of the study in the CFA group compared with baseline. 
Long-term administration of MSC-CM significantly decreased the 
serum levels of TNF-α. Results as Mean±SEM (n=6/group) stated. 
***P≤0.001 for comparison of variations in serum TNF-α levels 
between baseline and different days of the study in CFA group. 
†P≤0.05 and ††P≤0.01 for comparison of variations in the serum 
TNF-α levels between baseline in different days of the study 
compared with CFA+CM group. ‡‡‡P≤0.001 for comparison of 
changes in serum TNF-α levels in different days of the study in 
CFA and CFA+CM groups.

Figure 6. a. Immunoblots of spinal P38MAPK enzyme expression 
during different stages of inflammation (day 0, 7, 14 and 21) 
in CFA and CFA+ CM groups. All densitometry data were 
demonstrated as Pp38/P38MAPK ratio. Data are represented as 
Mean±SEM (n=6/group). b P38MAPK enzyme activity during 
different stages of inflammation in all experimental groups. The 
Pp38/P38MAPK ratio significantly increased in days 7, 14 and 21 
after CFA injection compared with day 0 in CFA group. The Pp38/
P38MAPK ratio noticeably declined at day 21 compared with day 
7 in CFA+CM group. ***P≤0.001 and **P≤0.01 for comparison 
of spinal P38MAPK protein band intensity in different days of 
the study compared with baseline in the CFA group. ††P≤0.01 
and †P≤0.05 for comparison of spinal P38MAPK protein band 
intensity in different days of the study compared with baseline in 
CFA+CM group. ΔΔP≤0.01 for comparison of spinal P38MAPK 
protein band intensity in day 21 compared to day 7 in CFA+CM 
group. ‡‡P≤0.01 and ‡‡‡P≤0.001 for comparison of changes in 
the Pp38/P38MAPK ratio in different days of the study in CFA and 
CFA+CM groups. ӨӨӨP≤0.001 for comparison of changes in the 
Pp38/P38MAPK ratio in different days of the study in CFA and 
CFA Control groups.
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Mesenchymal Stem Cell-
Conditioned Medium Reduces 
Disease Severity and Immune 
Responses in Inflammatory 
Arthritis
Alasdair G. Kay1,3, Grace Long2, George Tyler2, Andrei Stefan3, Stephen J. Broadfoot4,  
Anna M. Piccinini5, Jim Middleton6 & Oksana Kehoe3

We evaluated the therapeutic potential of mesenchymal stem cell-conditioned medium (CM-MSC) as an 
alternative to cell therapy in an antigen-induced model of arthritis (AIA). Disease severity and cartilage 
loss were evaluated by histopathological analysis of arthritic knee joints and immunostaining of 
aggrecan neoepitopes. Cell proliferation was assessed for activated and naïve CD4+ T cells from healthy 
mice following culture with CM-MSC or co-culture with MSCs. T cell polarization was analysed in CD4+ T 
cells isolated from spleens and lymph nodes of arthritic mice treated with CM-MSC or MSCs. CM-MSC 
treatment significantly reduced knee-joint swelling, histopathological signs of AIA, cartilage loss and 
suppressed TNFα induction. Proliferation of CD4+ cells from spleens of healthy mice was not affected 
by CM-MSC but reduced when cells were co-cultured with MSCs. In the presence of CM-MSC or MSCs, 
increases in IL-10 concentration were observed in culture medium. Finally, CD4+ T cells from arthritic 
mice treated with CM-MSC showed increases in FOXP3 and IL-4 expression and positively affected the 
Treg:Th17 balance in the tissue. CM-MSC treatment reduces cartilage damage and suppresses immune 
responses by reducing aggrecan cleavage, enhancing Treg function and adjusting the Treg:Th17 ratio. 
CM-MSC may provide an effective cell-free therapy for inflammatory arthritis.

There is no cure for Rheumatoid Arthritis (RA) and life expectancy of sufferers may be reduced by up to 18 years1. 
Therapeutic interventions include disease modifying anti-rheumatic drugs (DMARDs) and biologic treatments 
such as anti-TNFα, anti-IL1, anti-IL6R, anti-CD20 and T-cell co-stimulation blockers. However, 30–58% of 
patients do not respond to biologics such as anti-TNFα2–4, 30–40% lose responsiveness over time5,6 and ~50–58% 
discontinue the therapy within 2 years3,4,7. Furthermore, biologic therapies can cause severe side effects including 
increased risk of infection, hypertension and lymphoma1, are expensive and require continuous subcutaneous 
injections7. There is therefore a need for efficacious, safer and affordable therapeutics.

Alternative treatments include stem-cell therapy. Mesenchymal stem cells (MSCs) exert immunomodulatory 
functions, including inhibition of T cell proliferation, interference with B cell function and dendritic cell matura-
tion and promotion of anti-inflammatory macrophage-mediated responses8. Although stem-cell therapy presents 
a promising alternative treatment, questions remain over differentiation of stem cells where tissue regeneration 
is not the primary goal. Moreover, autologously sourced MSCs must be harvested from patients and cultured in 
vitro to achieve therapeutic cell numbers.

We previously demonstrated that MSCs reduce inflammation in a murine antigen-induced arthritis (AIA) 
model9. MSCs respond to the inflammatory environment by enhancing expression of immunosuppres-
sive factors thereby influencing target cells through paracrine mechanisms10. This involves the production of 
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signalling molecules such as TGF-β1, IL-10, CCL9, IFN-α, IFN-β, nitric oxide (NO), VEGF, FGF, HGF, PDGF 
and membrane-bound vesicles, including microvesicles and exosomes11. We therefore hypothesised that these 
soluble factors, which are present in serum-free MSC-conditioned medium (CM-MSC)12–19, may be responsible 
for the therapeutic effects of MSCs12–15.

Similarly to MSCs, CM-MSC can be therapeutically administered. Thus, here, we tested the therapeutic poten-
tial of CM-MSC in the AIA model of inflammatory arthritis. The effects of CM-MSC therapy were directly com-
pared to those of MSC therapy through assessment of histological outcomes, TNF-α production and cartilage 
loss. The immunomodulatory action of CM-MSC was investigated through examination of T cell activation, 
differentiation and proliferation, and quantification of immunomodulatory factors. We propose CM-MSC as a 
potential therapeutic approach for the treatment of inflammatory arthritis.

Results
CM-MSC ameliorates severity of inflammatory arthritis. AIA is a well-established acute model of 
inflammatory arthritis that mimics many clinical and histopathological changes seen in human RA20–23.

CM-MSC treatment reduced joint swelling as a measure of inflammation compared to SFM control at days 2 
(p < 0.01), 3 (p < 0.05), 7 (p < 0.05) and 14 (p < 0.05) post-arthritis induction (2 way ANOVA with Bonferroni 
post-hoc) (Fig. 1a, Table S1). Significant reductions were also recorded in synovial infiltrate, hyperplasia of the 
synovial intima and cartilage loss (p < 0.05) at day 3 following CM-MSC treatment and in overall arthritis index 

Figure 1. Effects of intra-articular injections of CM-MSC in AIA. (a) Knee diameter (mm) as an index of swelling 
(joint inflammation) measured at days 1, 2, 3, 7 and 14 after arthritis induction. Significant reductions are seen 
following CM-MSC injection in AIA mice (n = 21 (day 1 & 2), 16 (day 3), 12 (day 7), 6 (day 14) mice per group). 
(b) Histopathological symptoms of AIA used to assess disease severity. Representative images for low and high 
scoring taken from CM-MSC treated joints and control SFM treated joints respectively. Arrows show areas 
of interest. Data indicates CM-MSC prompts reductions in synovial infiltrate (leukocyte accumulation in the 
synovium), hyperplasia of the synovial intima and cartilage depletion (p < 0.05) at day 3 post-arthritis induction. 
Arthritic Index is reduced in CM-MSC treated mice at days 3 and 7 post-arthritis induction (p < 0.001 and 
p < 0.05 respectively) with no difference detected at day 14 (p = 0.41). (c) Cells involved in aggrecan cleavage due 
to ADAMTS5 and MMP activity (%). CM-MSC significantly reduces aggrecan breaks due to ADAMTS5 and 
MMPs. Representative positive DIPEN staining (c1) shows extracellular matrix staining, which is absent in control 
stains (c2) (scale bars = 200 µm) (*p < 0.05; **p < 0.01; ***p < 0.001).
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at 3 days and 7 days post-arthritis induction (p < 0.001, p < 0.05 respectively) (Mann Whitney) (Fig. 1b). By day 
14, knee sections displayed signs of recovery and all histological scores were reduced in control and treated ani-
mals, giving no significant difference between control and test arthritis index at this time. Overall, these results 
indicate that CM-MSC treatment significantly reduces disease severity and acute cartilage damage in AIA.

CM-MSC therapy reduces aggrecan breakdown. To further examine the mechanism underlying 
reduction in cartilage loss, we assessed the presence of the neoepitopes …NVTEGE and …VDIPEN gener-
ated during the enzymatic cleavage of aggrecan 3 days after arthritis induction. Compared to MSC treatment, 
CM-MSC showed a higher trend in the reduction of aggrecan cleavage in both early, ADAMTS-driven, and late, 
MMP-driven degradation (CM-MSC p < 0.05, p < 0.001 respectively, MSC p < 0.05 for both, 2-way ANOVA) 
(Fig. 1C, Table S2) with clearly visible regions of extracellular staining of aggrecan neoepitopes occurring in 
untreated cartilage that are not visible in CM-MSC joints. No differences were found between CM-MSC and MSC 
treatments at any time point (p > 0.05). Together, these data indicate that CM-MSC and MSC treatments have 
similar therapeutic efficacy in AIA.

CM-MSC treatment prevents TNFα rise in serum from arthritic mice. TNFα is a key driving 
cytokine in the pathogenesis of RA. To determine whether amelioration of AIA following CM-MSC treatment 
was associated with TNFα blockade or antagonism, we measured changes in TNFα levels in serum of arthritic 
mice. As expected, SFM control mice showed increasing TNFα levels in serum from day 3 to 14 and 7 to 14 
post-arthritis induction (Fig. 2, Table S3) (p < 0.001, p < 0.05 respectively, 2 way ANOVA, n = 6). CM-MSC treat-
ment prevented these TNFα increases observed over time although there were no statistically significant differ-
ences found between levels of TNFα in serum of CM-MSC treated or SFM treated animals.

CM-MSC has no effect on T cell proliferation. We next investigated whether the therapeutic effect 
observed upon treatment with CM-MSC or MSCs was due to changes to T cell function, which plays a central role 
in RA. T cell proliferation was assessed for percentage of non-dividing cells, peaks of gradual division (proliferative 
index)24 representative of the proportion of cells undergoing division accounting for population undergoing varied 
total cycles of division (e.g. accounting for cells that undergo less/more than the average number of population dou-
blings), and 24 hour proliferative cycles (population doublings)25 for T cells isolated from spleens of healthy mice 
following in vitro activation. T cells do not proliferate in culture, unless activated with anti-CD3/CD28, and undergo 
cell death in absence of IL-2, which is produced in vivo by activated T cells26. Proliferative cycles were assessed using 
Violet Proliferation Dye (VPD450) observing peaks for each proliferative cycle completed (Fig. 3a).

To investigate inhibition of T cell activation in co-culture with MSCs, we measured IL-10 in CM-MSC and 
cell supernatant collected after 5 day of co-culture. When comparisons were made with serum-free RPMI 1640 
used in controls, a significant increase in IL-10 was observed in medium of T cells following co-culture with 
MSC (p < 0.05) and CM-MSC (p < 0.01) (Fig. 3b, Table S5) (1 Way ANOVA with Dunn’s post-hoc). We did not 
detect IL-10 in CM-MSC prior to application to the cells. These data indicate that, similarly to MSCs, CM-MSC 
increases IL-10 production in co-culture with activated T cells.

The presence of MSCs in co-culture reduced the number of proliferative cycles (p < 0.001, 1-way ANOVA 
with Tukey’s post-hoc, n = 11) (Fig. 3c) and proliferative index in comparison to T cells alone and T cells 
with CM-MSC (p < 0.001, 1-way ANOVA with Tukey’s post-hoc) (Fig. 3d). No difference was found between 
CM-MSC and T cells alone (Table S4).

CM-MSC enhances FOXP3 expression in spleens and lymph nodes. Increased production of IL-10 
during T cell co-culture with MSC or CM-MSC led us to investigate the polarisation of naïve T cells into effector 
lineages with immunosuppressive/anti-inflammatory function following CM-MSC or MSC treatment. FOXP3 

Figure 2. CM-MSC suppresses TNF-α in serum. ELISA of circulating TNF-α in blood serum measured at 
3, 7 and 14 days post arthritis induction. CM-MSC suppresses time-dependant increases in TNF-α observed 
in control animals (n = 6 mice per group) but does not statistically differ from control for each timepoint. 
(*p < 0.05; ***p < 0.001).

Chemokine	C-X-C	ligand	1	(CXCL1)	をマウ
スの膝関節に投与して、抗原誘導性関節
炎モデルマウスを作成	

CXCL1投与１日後に、マウス間葉系幹細胞
由来培養上清（CM-MSC）を関節内投与	

CM投与により	
•  組織学的スコアの改善	
•  関節炎インデックススコアの改善	
•  血漿中の炎症性サイトカインTNF-α

の濃度上昇の抑制	
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Conditioned Medium from Periodontal Ligament
Stem Cells Enhances Periodontal Regeneration

Mizuki Nagata, DDS,1 Kengo Iwasaki, DDS, PhD,2 Keiko Akazawa, DDS,1 Motohiro Komaki, DDS, PhD,2

Naoki Yokoyama, PhD,3 Yuichi Izumi, DDS, PhD,1 and Ikuo Morita, PhD4

Periodontal disease is one of the most common infectious diseases in adults and is characterized by the
destruction of tooth-supporting tissues. Mesenchymal stem cells (MSCs) comprise the mesoderm-originating
stem cell population, which has been studied and used for cell therapy. However, because of the lower rate of
cell survival after MSC transplantation in various disease models, paracrine functions of MSCs have been
receiving increased attention as a regenerative mechanism. The aim of this study was to investigate the
regenerative potential of transplanted conditioned medium (CM) obtained from cultured periodontal ligament
stem cells (PDLSCs), the adult stem cell population in tooth-supporting tissues, using a rat periodontal defect
model. Cell-free CM was collected from PDLSCs and fibroblasts, using ultrafiltration and transplanted into
surgically created periodontal defects. Protein content of CM was examined by antibody arrays. Formation of
new periodontal tissues was analyzed using microcomputed tomography and histological sections. PDLSC-CM
transplantation enhanced periodontal tissue regeneration in a concentration-dependent manner, whereas
fibroblast-CM did not show any regenerative function. Proteomic analysis revealed that extracellular matrix
proteins, enzymes, angiogenic factors, growth factors and cytokines were contained in PDLSC-CM. Further-
more, PDLSC-CM transplantation resulted in the decreased mRNA level of tumor necrosis factor-a (TNF-a) in
healing periodontal tissues. In addition, we found that PDLSC-CM suppressed the mRNA level of TNF-a in the
monocyte/macrophage cell line, RAW cells, stimulated with IFN-g. Our findings suggested that PDLSC-CM
enhanced periodontal regeneration by suppressing the inflammatory response through TNF-a production, and
transplantation of PDLSC-CM could be a novel approach for periodontal regenerative therapy.

Keywords: mesenchymal stem cells, dental and periodontal, wound healing

Introduction

Mesenchymal stem cells (MSCs) are the cell popu-
lation isolated from bone marrow aspirates, which are

characterized by the plastic-adherent and fibroblast-like
clonogenic capacities.1,2 It has been considered that MSCs
are stem cells of mesoderm tissues, because they are able to
differentiate into mesenchymal lineages in vitro, such as
osteoblasts, adipocytes, and chondrocytes, and have the
capacity to generate ectopic bones and cartilages in vivo.3–5

Recently, it has been revealed that MSC-like cells can be
isolated from various tissues, such as adipose tissue, placenta,
umbilical cord, dental pulp, and periodontal ligament (PDL).6–10

These cells were regarded as somatic stem cells, which play a
functional role in promoting wound healing and maintaining
homeostasis. Moreover, taking advantage of the multi-
differentiation potential of MSCs, expanded MSCs are used for
cell-based regenerative therapies11 and a number of human
clinical trials for a wide variety of diseases are now underway
(https://clinicaltrials.gov).

Although transplanted MSCs were expected to generate
new tissues through their engraftment, proliferation, and
differentiation, it has been revealed that transplanted MSCs
have a relatively short life and the engraftment of MSCs is
limited in the recipient sites.12 Increasing numbers of reports
have recently identified that paracrine factors from MSCs
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ヒト歯根膜幹細胞（periodontal	ligament	stem	cells	
(PDLSCs)	）を用いて培養上清を調整（PDLSC-CM）	

外科手術的に歯周組織を欠損させたモデルラットを作
成	

コラーゲンスポンジにPDLSC-CMを浸透させたものを欠
損部位に移植し、フィブリングルーでカバー	

direct bone to tooth attachment, ankylosis, was observed in
any of the sections analyzed. We observed less new for-
mation of periodontal tissues in the Fibroblast-CM and
PDLSC-low groups, which was comparable to that of the
Control-CM group. More new periodontal tissue formation
was observed in the defects filled with PDLSC-moderate
and PDLSC-high CM. These results suggested that trans-
plantation of moderate and high concentration ratio PDLSC-
CM induced new tissue formation in periodontal defects
with histologically proper structures.

Figure 4B and C demonstrate the periodontal tissues
around the middle third of created defects. In PDLSC-
moderate and PDLSC-high sections, prominent bone for-
mation was found, whereas the space was filled with dense
fibrous connective tissues in Control-CM, Fibroblast-CM,
and PDLSC-low sections. Collagen bundles connecting the
root and bone in the PDL space were observed in all
groups, although no obvious anatomical differences could
be seen in newly formed periodontal tissues (Fig. 4D).

Significant differences were found in the area of the bone
crest. Abundant marrow cavity and honeycomb structure of
trabecular bone were evident in Control-CM, Fibroblast-
CM, and PDLSC-low groups (Fig. 4E). Osteoblast-like cells
were seen aligned along the bone surface and small islet-like
bone clusters were only found in Control-CM, Fibroblast-
CM, and PDLSC-low group sections (Fig. 4E). On the other
hand, in PDLSC-moderate and PDLSC-high groups, crestal
bone was more united and entrapment of osteocytes was
more, in comparison with Control-CM, Fibroblast-CM, and
PDLSC-low groups (Fig. 4F). However, even in PDLSC-
moderate and PDLSC-high groups, obvious compact bone

structure and periosteum were not observed, suggesting that
the bone formation was still in the process of regeneration.

Antibody array of PDLSC-CM

Since the volume of regenerated periodontal tissue was de-
pendent on the concentration ratio of PDLSC-CM, it was con-
ceivable that protein content may be responsible for the
regenerative function of PDLSC-CM. We next estimated the
contents of PDLSC-CM using three kinds of antibody arrays,
including angiogenesis-related proteins, growth factors, and
cytokines.

Antibody arrays revealed that various proangiogenic factors,
such as tissue inhibitor of metalloproteinase 1, urokinase-type
plasminogen activator, and vascular endothelial growth factor,
and growth factors, such as insulin-like growth factor binding
protein 6 (IGFBP6), IGFBP2, and platelet-derived growth
factor receptor b, were detected in PDLSC-CM (Fig. 5A, B).
Cytokines, such as serine protease inhibitor E1 (Serpin E1) and
monocyte chemotactic protein-1, were detected in PDLSC-
CM, even though the numbers of detected proteins were lower
than those detected using the two other protein arrays (Fig. 5C).
These results revealed that PDLSC-CM contained a mixture of
various angiogenesis-related factors, growth factors, and sev-
eral cytokines.

We further analyzed the protein contents of CM by liquid
chromatography–tandem mass spectrometry (LC/MS/MS)
(Supplementary Data and Supplementary Tables; Supplemen-
tary Data are available online at www.liebertpub.com/tea). LS/
MS/MS detected a total of 99 proteins in five PDLSC-CM. The
top proteins found at higher peptide hits were extracellular

FIG. 3. The effect of PDLSC-CM and fibroblast-CM transplantation on periodontal regeneration. (A) Representative
micro-CT images of the periodontal defects at 4 weeks after transplantation. The mesial and distal roots of PDLSC-CM
group were widely covered by newly formed bone, whereas bone height stayed at lower level in the Control-CM and
Fibroblast-CM groups. Yellow dot lines represent the edge of surgically created periodontal defect area. (B) Quantification
of the exposed root surface area at 4 weeks after transplantation. The exposed root surface areas of the first mandibular
molar were measured. PDLSC-CM group significantly reduced the exposed root surface area compared with the other
groups. PDLSC-CM, 28–31-fold concentration; Fibroblast-CM, 27-fold concentration. *p < 0.05, Tukey’s HSD test, n = 6
for each group. HSD, honestly significant difference. Color images available online at www.liebertpub.com/tea
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•  CM濃度依存的に欠損部位の組織再生
促進	

•  炎症性サイトカインの産生抑制	

•  マクロファージ細胞株RAWにおける炎
症性サイトカインTNF-αの産生減少	

matrix proteins, including collagen and fibronectin. LC/MS/MS
also revealed that PDLSC-CM is composed of a mixture of a
wide variety of proteins, including matrix proteins, enzymes,
growth factors, cytokines, and angiogenic factors.

Inflammation levels in healing tissues
after PDLSC-CM transplantation

Inflammation affects wound healing and regeneration, and
MSCs possess anti-inflammatory properties through para-
crine mechanisms. Therefore, we investigated whether
transplantation of PDLSC-CM would affect the inflammatory
response at the wounded periodontal site. We found that the
gene expression level of TNF-a in the PDLSC-CM group was
significantly decreased compared with the Control-CM group
(Fig. 6A). Moreover, IL-6, IL-1b, and COX-2, another
inflammation-related molecule, tended to decrease following
PDLSC-CM transplantation compared with the Control-CM
group, although this effect was not statistically significant
(Fig. 6B–D). These results suggest the close relationship be-
tween PDLSC-CM transplantation, reduced inflammation in
healing tissues, and periodontal regeneration.

PDLSC-CM inhibits IFN-c-induced TNF-a expression
in RAW 264.7 cell

We next examined whether PDLSC-CM could inhibit
TNF-a gene expression in monocytes, the main cellular
source of TNF-a, in vitro. PDLSC-CM significantly sup-
pressed mRNA levels of TNF-a in RAW cells stimulated
with IFN-g, compared with Control-CM and Fibroblast-CM

(Fig. 7). Therefore, it was suggested that PDLSC-CM ex-
erted anti-inflammatory effects by suppressing the gene
expression of TNF-a during periodontal wound healing.

Discussion

The purpose of this study was to examine whether trans-
plantation of PDLSC-CM enhances periodontal regenera-
tion. We demonstrated that transplantation of PDLSC-CM

FIG. 6. Expression of inflammation-related genes in rat periodontal tissues. Total RNA was extracted from periodontal
wounded site 5 days after transplantation and the mRNA levels of TNF-a (A), IL-6 (B), IL-1b (C), COX-2 (D), and IL-10 (E)
were determined by reverse transcription polymerase chain reaction. TNF-a expression was significantly decreased in the
PDLSC-CM group in the transplanted site compared with the Control-CM group. *p < 0.05, Student’s t-test, n = 6 for each
group. IL-1b, interleukin-1b; IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-a.

FIG. 7. PDLSC-CM inhibited IFN-g-induced TNF-a ex-
pression in RAW 264.7 cell. Messenger RNA levels of TNF-a
in RAW cells. PDLSC-CM significantly suppressed mRNA
levels of TNF-a in IFN-g-treated RAW cells compared with
Control-CM and Fibroblast-CM. *p < 0.05, Tukey’s HSD test.
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Commercial	ADSC-CM	product	AAPETM	
(now	known	as	NGALTM)	(Prostemics	
Research	Institute,	Sungnam,	South	Korea)		

週に一度、12週に渡り、micro-needle	roller	
を用いてADSC-CMを頭皮に使用	

•  Hair	density	increased	from	105.4	to	
122.7	hairs/cm2	(P	<	0.001)		

•  Hair	thickness	increased	from	57.5	lm	to	
64.0	lm	(P	<	0.001)		

•  None	of	the	patients	reported	severe	
adverse	reactions		
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Abstract
Background Female pattern hair loss (FPHL) is a common disorder but presents severe

psychosocial problems in many female patients. Adipose tissue-derived stem cells

(ADSCs) and conditioned media of ADSCs (ADSC-CM) are reported to promote hair

growth in vitro. However, there are no clinical reports on the treatment of alopecia using

ADSC-CM.

Objectives This study evaluates our clinical experience in the use of ADSC-CM for the

treatment of FPHL.

Methods A retrospective, observational study of outcomes in 27 patients with FPHL

treated with ADSC-CM was performed. To evaluate the efficacy of the treatment, patients’

medical records and phototrichographic images were analyzed.

Results The application of ADSC-CM showed efficacy in treating FPHL after 12 weeks of

therapy. Hair density increased from 105.4 to 122.7 hairs/cm2 (P < 0.001). Hair thickness

increased from 57.5 lm to 64.0 lm (P < 0.001). None of the patients reported severe

adverse reactions.

Conclusions The application of ADSC-CM is a potential treatment option for FPHL.

Introduction

Stem cells are immature precursor cells characterized by
capacities of self-renewal and multi-lineage differentia-
tion. Mesenchymal stem cells (MSCs), which represent a
type of stem cell, were first identified in bone marrow,
but the existence of MSCs in connective tissue has been
reported.1 It was recently found that MSCs are abundant
in adipose tissue, which is easily accessible. The yield of
MSCs from adipose tissue is approximately 40-fold
greater than that from bone marrow.2 Such characteristics
can make it easy to investigate and use MSCs in clinical
fields. Adipose tissue-derived stem cells (ADSCs) produce

growth factors that have paracrine effects on surrounding
cells. These growth factors include vascular endothelial
growth factor (VEGF), hepatocyte growth factor (HGF),
insulin-like growth factor (IGF), platelet-derived growth
factor (PDGF), and others.3 Growth factors have various
functions. In a transgenic mouse model, VEGF has been
proven to affect hair growth and follicular size by angio-
genesis.4 Hepatocyte growth factor and IGF also activate
hair growth through various pathways.5,6 Platelet-derived
growth factor induces and maintains anagen hair in
murine hair follicles.7 These observations suggest that
ADSCs may have a therapeutic effect on hair loss. Indeed,
we previously reported that ADSCs and the conditioned
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media of ADSCs (ADSC-CM) promote hair growth in vi-
tro .8,9

Female pattern hair loss (FPHL) is a very common type
of alopecia seen in women. Its prevalence is approxi-
mately 6% in women aged under 50 years and 38% in
women aged 70 years and over.10 Although FPHL rarely
progresses to the total hair loss seen in male androgenetic
alopecia, hair loss is more distressing to women than men
because women with FPHL have a more negative body
image in comparison with balding men.11 Nevertheless,
FPHL patients have fewer therapeutic options than male
androgenetic alopecia patients. Lower percentage topical
minoxidil is the only medication approved by the US
Food and Drug Administration for FPHL. Anti-androgen
drugs and topical estrogen are used for the treatment of
FPHL. However, they do not always achieve successful
results. Anti-androgens and finasteride carry a risk for the
feminizing of a male fetus. These treatments are therefore
not safe in reproductive women. Topical estrogen still
lacks convincing clinical trials.12 There is still a significant
need for more effective therapy for FPHL. This study
reports on our evaluation of outcomes in 27 patients in
whom ADSC-CM was used to treat FPHL.

Materials and methods

Subjects

The medical records of FPHL patients were reviewed to collect

subjects treated with only ADSC-CM at the dermatologic clinic

(Cellpark Clinic, Seoul, South Korea) from January to October

2012. We excluded subjects who had used any products or

drugs that might have influenced hair growth during the

six months prior to ADSC-CM therapy. The patients had all

been informed about the treatment they would receive. This

study was approved by the Institutional Review Board of Seoul

National University Hospital.

Materials

The authors used the commercial ADSC-CM product AAPETM

(now known as NGALTM) (Prostemics Research Institute,

Sungnam, South Korea). AAPETM is produced from human

subcutaneous adipose tissue that is obtained by medical

liposuction from healthy persons who provide informed consent.

AAPETM is manufactured by the method described below.9

Adipose tissues were exposed to 0.075% type II collagenase

(Sigma-Aldrich Corp., St Louis, MO, USA) for 30 minutes at

culture temperature, centrifuged at 400 g for 10 minutes, and

washed and resuspended in phosphate-buffered saline (PBS).

The stromal cell fraction was filtered through a 70-lm cell

strainer (BD Biosciences, Inc., San Jose, CA, USA). Using

Histopaque-1077 (Sigma-Aldrich Corp.), ADSCs were isolated

from the filtrate and cultured at 37 °C in 5% carbon dioxide in

Dulbecco’s modified Eagle’s medium (DMEM) containing 10%

fetal bovine serum (FBS). Characteristic expression levels of

stem cell-related surface markers were confirmed by flow

cytometry. ADSCs expressed CD73, CD90, and CD105 and

were lacking in CD34 and CD49d. Adipogenic, osteogenic, and

chondrogenic differentiation was also checked by the

conventional method.13 After the isolation of ADSCs, the cells

were pooled. ADSCs were cultured and expanded in normal

control medium and used in experiments at passage 4. Cells

were finally frozen in aliquots using Cell FreezerTM (Genenmed,

Inc., Seoul, South Korea) for future use. A frozen vial

containing 1 9 106 cells was inoculated into culture medium

containing 10% FBS. After repeated subculture to reach a

density of 5 9 108 cells, the expanded ADSCs were introduced

into Cell FactoryTM CF10 (Nalge Nunc International Corp.,

Rochester, NY, USA) in DMEM/F12 serum-free medium

(WelGene, Inc., Taegu, Korea). Cultures were conducted under

hypoxic conditions by providing 2% oxygen using a nitrogen

gas supply in a humidified multichannel incubator for

two weeks. The conditioned media were collected and micro-

filtered and total protein production quantitated. Finally, for fresh

use, 4-ml vials containing equal protein concentrations were

freeze-dried as a single lot sample preparation of AAPETM.

Treatment protocol

The authors set a 12-week protocol for the treatment of FPHL

with ADSC-CM. The treatment course consisted of repeated

applications of ADSC-CM once per week for 12 consecutive

weeks. The scalp area was gently cleansed prior to the

application of AAPETM with a micro-needle roller (MRS-05!;

Union Medical Co. Ltd, Uijeongbu, South Korea) (Fig. 1).

Routine phototrichographic images were taken of all patients at

the first visit and at 12 weeks using a digital camera

(Folliscope!; Lead M Co. Ltd, Seoul, South Korea) at

magnifications of 930 and 960. At the first visit, the area in the

midline scalp was tattooed with a black dot, and a

phototrichogram was taken with the dot positioned in the center

Figure 1 The micro-needle roller used in the application of
conditioned media of adipose tissue-derived stem cells
(ADSC-CM). The roller has 192 stainless steel needles which
measure 0.5 mm in length and 0.25 mm in diameter
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of the image. A phototrichogram of the same area was taken

after 12 weeks of treatment.

Measurements and statistical analysis

Hair density (hair count per cm2) was calculated by counting

the total number of hairs in the target area. Hair thickness was

calculated as the average diameter of hairs measured manually

on the phototrichograms. The Kolmogorov–Smirnov test was

used to evaluate whether the data showed a normal

distribution. Subsequently, the Wilcoxon signed rank test was

carried out to evaluate changes in hair density and hair

thickness. Spearman’s correlation analysis was used to assess

correlations between patient age and treatment responses such

as increases in hair thickness and hair density. P-values of

< 0.05 were considered to indicate statistical significance.

Results

The number of FPHL patients treated with only ADSC-
CM was 27. All patients completed the 12-week treat-
ment course. The mean ! standard deviation (SD)
patient age was 41.9 ! 13.4 years (range: 22–69 years).
Hair loss in all patients was classified as Ludwig type I.
The onset of hair loss as reported by the patients had
occurred at a mean ! SD of 6.4 ! 0.9 years (range: 1–
22 years) previously. All patients were healthy and with-
out other current medical problems. None of the patients
had used any products or taken any drugs that might
influence hair growth for at least six months prior to the
start of this study. There were no pregnant or lactating
women among the subjects.

(c)

(b)

(a)

(d)

Figure 2 Data on hair growth in 27
women with female pattern hair loss
at baseline and at 12 weeks after the
initiation of treatment with
conditioned media of adipose tissue-
derived stem cells (ADSC-CM),
showing (a) hair density in all
subjects, (b) hair thickness in all
subjects, (c) mean hair density, and
(d) mean hair thickness. (Data are
mean ! standard deviation;
*P < 0.001)
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Mean hair density increased from 105.4 to 122.7 hairs/
cm2 over the 12 weeks of treatment (P < 0.001) (Fig. 2a,
c), representing an increase of 16.4%. Mean hair thick-
ness increased from 57.5 lm to 64.0 lm (P < 0.001)
(Fig. 2b, d), an increase of 11.3%. The application of
ADSC-CM for 12 weeks induced statistically significant
improvements in hair density and hair thickness. There
was no correlation between patient age and an increase in
hair thickness or density (age and hair thickness,
P = 0.706; age and hair density, P = 0.342). Neither was
the duration of hair loss correlated with treatment
response (disease duration and hair thickness, P = 0.584;
disease duration and hair density, P = 0.128). No severe
adverse effects were seen in any patient. No patient
reported irritation or itching. The only inconvenience
reported referred to the pricking of the needles during

application; however, nobody dropped out of the treat-
ment course as a result of this pain.

Discussion

Won et al.14 showed that ADSC-CM treatment enhanced
the proliferation of cultured human dermal papilla cells
(DPCs) by up to 130%. This result was explained by the
activation by ADSC-CM of both Erk and Akt signaling
pathways. The Akt signaling pathway mediates survival
signals, and the Erk signaling pathway plays a role in mi-
togenesis. Both enhance the survival and proliferation of
DPCs.15,16 In addition, ADSC-CM modulates the cell
cycle of DPCs. Cyclin D1 and CDK2, key cell cycle-
related molecules, are upregulated by ADSC-CM.14 These
results are meaningful with regard to hair growth because

Figure 3 Global photographs taken at baseline and at 12 weeks after the initiation of treatment in eight women with female
pattern hair loss treated with conditioned media of adipose tissue-derived stem cells (ADSC-CM)
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使用方法例	

塗布	
1.  凍結保存されているαADCMを、室温もしくは37˚Cを上限とした温度帯で解凍	

2.  解凍後、泡立たないよう転倒混和	
3.  適量を皮下に塗布（必要に応じてクリームなどの基剤と混合）	

皮下・筋肉内注射	
1.  凍結保存されているαADCMを、室温もしくは37˚Cを上限とした温度帯で解凍	

2.  解凍後、泡立たないよう転倒混和	
3.  シリンジで適量を吸い取り、皮下や筋肉内に注射	

点滴	
1.  凍結保存されているαADCMを、室温もしくは37˚Cを上限とした温度帯で解凍	

2.  解凍後、泡立たないよう転倒混和	
3.  ブラント針（ノンベベル針）等を用いてシリンジに適量を吸い取る	

4.  針を外し、孔径	0.2	μm	のシリンジ用フィルターを装着	

5.  フィルターの他方に適切な注射針を装着	

6.  フィルターを通しながら、αADCMを直接点滴バッグに注入し、点滴液＊と混和	

	（＊ 例：	5%	ブドウ糖注射液）	
7.  動物に点滴＊＊	

	（＊＊：	αADCMにはインスリンが含まれているため、点滴中および点滴後の血糖値に気をつけること。	

	 	必要に応じてブドウ糖液を注射するなどの措置を取ること。）	


