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Abstract

BACKGROUND
Inflammatory bowel diseases (IBD) is related to uncontrolled immune response.
Currently, there is no successful treatment for significant improvement in IBD.
Stem cells display their therapeutic effects through their repopulating capacity or
secreting factors.

AIM
To investigate the effects of conditioned mouse adipose-derived stem cells
(mADSCs) secretome on colitis-induced mice.

METHODS

mADSCs were isolated from adipose tissue of C57BL/6 mice. Conditioned
mADSCs secrectome was obtained by culturing of mADSCs with lipopolysac-
charides (LPS, 1 pg/mL) for 24 h. Acute colitis was induced by 2% dextran sulfate
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sodium (DSS) drinking water for 7 d and then normal drinking water for 4 d. The
mice were treated with normal culture medium (NM group), conditioned
mADSCs secretome (CM group) or mADSCs (SC group). The length of colon and
histopatholgy of colon tissues were evaluated. The mRNA expression levels of
inflammatory cytokines in colon tissue and the serum interleukin (IL)-6 levels
were determined.

RESULTS

The isolated mADSCs maintained the mADSCs specific gene expression profiles
during experiment. The conditioned mADSCs secretome released by the
treatment of mADSCs with LPS contained mainly inflammatory chemokines,
colony-stimulating factors and inflammatory cytokines. The loss of body weight
and reduction in colon length were ameliorated in the CM group. The conditioned
mADSCs secretome reduced the histological score in colon tissue. The expression
of IL-1b and IL-6 mRNAs in colon tissues significantly inhibited in the CM group
compared to SC group and NM group, respectively. The elevation of serum IL-6
levels was also ameliorated in the CM group. These results indicate that the
conditioned mADSCs secretome suppressed the synthesis of inflammatory
cytokines in damaged colon tissue and the elevation of serum IL-6 concentration
in DSS-induced mice

CONCLUSION

Conditioned mADSCs secretome might play regenerative roles by the
suppression of IL-6 in serum and tissue during acute colitis, and may be more
effective than stem cells themselves in the regeneration of colon tissue.

Key Words: Adipose-derived stem cells; Conditioned secretome; Cytokines; Interleukin-6;
Colitis; Regeneration

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The therapeutic ability of mesenchymal stem cells (MSCs) is mostly
mediated by their paracrine effects. Cell free therapy using MSCs secretome could be
more promising strategy than stem cells based therapy. The present study demonstrates
that the conditioned secretome of adipose—derived stem cells (ADSCs) has more
efficient effects for improving acute colitis in dextran sulfate-sodium-induced mouse
model. The effects by the conditioned secretome of ADSCs were mediated by
suppression of interleukin (IL)-6 mRNA synthesis in colon tissue and serum IL-6
protein levels, which suggests that the stem cell secretome may have efficient
therapeutic potential for incurable inflammatory bowel diseases.

Citation: Lee S, Heo J, Ahn EK, Kim JH, Kim YH, Chang HK, Lee SJ, Kim J, Park SJ.
Conditioned secretome of adipose-derived stem cells improves dextran sulfate sodium-induced
colitis in mice. World J Gastroenterol 2021; 27(23): 3342-3356

URL: https://www.wjgnet.com/1007-9327/full/v27/i23/3342.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i23.3342

INTRODUCTION

Inflammatory bowel diseases (IBD), including ulcerative colitis and Crohn’s disease
(CD), are multifactorial disorders characterized by chronic inflammation, visceral
hypersensitivity and diarrhea in the gastrointestinal tract[1]. Although the etiology of
IBD remains unknown, it is well accepted that IBD is related to a dysregulated
immune response, genetic susceptibility, and the environment[2]. Uncontrolled
production of inflammatory cytokines and chemokines by infiltrating immune cells
ultimately lead to damage of colon tissue. Current treatments for IBD are intended to
control the inflammatory intestinal process using immunosuppressive agents;
however, these current treatments are not entirely effective to maintain remission of
intestinal inflammation and can result in multiple adverse effects due to their
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inefficacy or toxicity[3]. The use of certolizumab perol in patients with moderate-to-
severe CD triggered a mild improvement in therapeutic response rates but no
significant improvement in remission rates[4]. Therefore, it is necessary to develop
novel therapeutic approaches that are effective, feasible and safe for IBD patients.

Stem cells are immature tissue precursor cells that have the ability to self-renew and
to differentiate into various cell lineages[5]. Due to these properties, stem cells have
emerged as attractive therapeutic tools for incurable diseases such as IBD[6].
Mesenchymal stem cells (MSCs) are mesoderm-derived fibroblast-like stem cells that
have been isolated from various adult tissues including adipose tissue[7], skin[8],
muscle[9], and peripheral blood[10]. The characteristics of MSCs are identified by the
adherence of cells to plastic dishes in standard culture conditions, the expression
profiles of specific cell surface molecules and their differentiation potential into
osteogenic, chondrogenic and adipogenic lineage[11,12]. Besides their differentiation
potential, MSCs also regulate the immune response including in vitro suppression of T-
cell proliferation, B-cell function and dendritic cell maturation[13,14]. The three main
actions of MSCs with regard to therapeutic potential are their homing action for
migration of MSCs into damaged sites[15], differentiation action for replacing
damaged tissues[16], and paracrine actions for secreting bioactive factors[17].
Generally, the protocol of stem cell therapy requires hundreds of millions of MSCs per
treatment. However, the overall quantity of MSCs in the body is scarce, and in vitro
cell expansion is necessary for obtaining enough cells before implantation. In vitro
manipulation of MSCs for expansion or differentiation affects the quality of the cells
such as their senescence, differentiation capacity and survival of the administered
MSCs in vivo, which may influence homing and engraftment of MSCs into injured sites
[18,19]. Although MSCs have become a promising therapeutic strategy for IBD because
of their immunosuppressive and tissue healing ability[20], MSCs transplantation in
IBD patients had yield inconsistent results, which may be due to the different sources
of MSCs with distinct differentiation and regenerative potential, and the variety of
protocols for treatments[21].

It has been known that the therapeutic ability of MSCs is mostly mediated by their
paracrine effects. MSCs secrete a variety of protective bio-active factors (it is called
secretome) such as cytokines, chemokines, growth factors, lipid mediators, hormones,
and exosomes[22], which play important roles in the cross-talk between cells and the
surrounding tissues for tissue repair and regeneration by their paracrine actions[23].
Many studies have shown that a range of bioactive factors play an important role in
the modulation of the immune response. interleukin (IL)-6 and IL-10 secreted by MSCs
inhibited the differentiation of macrophage into dendritic cells[24]. Therefore, MSCs
secretome has received attention for concerning its potential use in tissue repair and
regeneration[25]. The use of MSCs secretome as cell-free therapy may provide several
advantages over direct stem cell-based therapy such as safety associated with
immunocompatibility and tumorigenicity by stem cells, evaluation for dosage in a
manner analogous to conventional pharmaceutical agents, storage for a long time
without loss of potency, avoidance of invasive cell collection procedures, and mass
production with less time and cost[26,27]. The effectiveness of MSCs secretome as
therapeutic applications has been demonstrated in a variety of diseases such as colitis,
gastric mucosal injury, osteoarthritis, spinal cord injury and cardiovascular disease[28-
31]. It has been suggested that the therapeutic effectiveness of MSCs secretome has
been attributed to the mixture of bioactive factors with their attendant paracrine
activities[32]. These studies suggest that cell free therapy using the MSCs secretome
could be more promising strategy than stem cell based therapy in regenerative
medicine. Therefore, the purpose of this study was to investigate whether the
conditioned mouse adipose-derived stem cells (ADSCs) secretome has a regenerative
effect on damaged colon tissue in an acute colitis mouse model. The results showed
that the conditioned mouse ADSCs (mADSCs) secretome recovered the colon tissue
damaged by acute colitis in the mouse model. Moreover, the effects of the conditioned
ADSCs secretome were more potent than those of ADSCs themselves in the
regeneration of damaged colon tissue in acute colitis.

MATERIALS AND METHODS

Animals

C57BL/ 6 mice (female, 8-10 wk-old) were purchased from the ‘'KOATECH’ laboratory
animal company. The animals were kept in in pathogen-free facility at controlled
conditions (20-23 °C, 12 h/12 h light/dark cycle, 50% humidity) with free access of
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sterilized regular mouse chow and drinking water. Mice were housed 2 wk before the
experiment for adaptation. All procedures involving animals were reviewed and
approved by the Institutional Animal Care and Use Committee at Kosin University
College of Medicine (IACUC protocol No. Kosin15-12).

Isolation and identification of mMADSCs

mADSCs were isolated from subcutaneous, inguinal, epididymal and mesenteric fat of
mice. Briefly, animals were euthanized with using CO,. Fresh adipose tissues were
washed with phosphate-buffered saline (PBS; Hyclone, Logan, UT, United States) and
minced for 5 min with the sterilized fine scissors. The minced adipose tissues were
digested with 0.1% collagenase type I (Invitrogen, Carlsbad, CA, United States) for 40
min at 37 °C in a shaking bath and then centrifuged at 260 x g for 7 min to obtain a
pellet. The pellet was incubated in a 1:1 ratio of culture medium (StemX VIVO; R&D
systems, Minneapolis, MN, United States) and DMEM/F12 (Invitrogen) along with 5%
FBS (Hyclone, Logan, UT, United States) and 1 % penicillin-streptomycin (Invitrogen)
overnight at 37 °C and 5% CO,. The residual non-adherent red blood cells were
removed by washing with the medium after 24 h. The cells grown until 80%-90%
confluence were subcultured. The medium was changed every 2 d. For all experi-
ments, cells at passage 4 to 6 were used.

To identify the isolated mADSCs, fluorescence-activated cell sorting analysis was
performed. Approximately 5 x 10° cells were incubated with the conjugated
antibodies, CD29-PE, CD31-FITC, CD34-PE, CD45-FITC, CD73-PE and CD90-FITC
(Beckman Coulter, Brea, CA, United States), in the dark for 30 min at room
temperature. After washing with PBS twice, the cells were resuspended in PBS and
analyzed using a flow cytometer (Beckman Coulter, Brea, CA, United States).

Preparation of mADSCs secretome

To prepare the mADSCs secretome, mADSCs (1 x 10° cells/well) were seeded onto 6-
well plates in culture medium and incubated for 24 h. And then serum-free medium
with or without 1 pg/mL lipopolysaccharides (LPS; Sigma, Saint. Louis, MO, United
States) replaced the culture medium of the cells. After 24 h, the supernatants were
filtered using a 0.45 pm sieve and frozen in -80 °C. To concentrate the supernatants,
the frozen supernatants were lyophilized using the lyophilizer (SFDSM12; SamWon
Freezing Engineering Co., Busan, South Korea). The lyophilized powders were
resuspended in PBS solution, transferred into Amicon Ultra-15 Centrifugal Filter
Devices (3000 MWCO; Millipore, Burlington, MA, United States) and then centrifuged
at 4000 x g for 50 min in 4 °C condition. The aliquots of concentrated mADSCs
secretome were stored in -80 °C deep freezer until use. The conditioned mADSCs
secretome stimulated with LPS were used for the animal experiment. Untreated
mADSCs secretome were used as a control for the analysis of cytokine antibody array.

Cytokine antibody array analysis of mMADSCs secretome

To characterize the mADSCs secretome, cytokine antibody array was performed with
a Proteome Profiler mouse cytokine array kit (R&D systems), following the
manufacturer instructions. Briefly, the mADSCs secretome were mixed with
reconstituted detection antibody cocktail and incubated at room temperature for 1 h.
Then the mixture of sample/antibody was incubated with the supplied membrane
overnight at 4 °C on a rocking platform. After washing the membrane in wash buffer
for 10 min on a rocking platform, Streptavidin-horse radish peroxidase (HRP) was
added to the membrane and incubated for 30 min at room temperature. After washing,
the membrane was labeled with Chemi Reagent Mix and exposed to X-ray film. The
intensity of each spot was analyzed using Gel Documentation System Software
(FluorChem HD2; Alpha Innotech, Santa Clara, CA, United States). The intensity of
each spot was normalized with the intensity of positive reference spot on each
membrane. The normalized intensity values were used to compare the cytokine
profiles in untreated mADSCs secretome and the conditioned mADSCs secretome
used in this study.

Induction of mouse colitis and treatment

To induce acute colitis, C57BL/6 mice (female, 8 wk old) were supplied with 2%
dextran sodium sulfate (DSS; MW = 36000-50000; MP Biomedicals, Solon, OH, United
States) for 7 d and then with normal drinking water for 4 d. Animals were divided into
4 groups, control (CON) (n = 4), normal culture medium (NM) (n = 6), mADSCs (SC) (
n = 6) and conditioned mADSCs secretome (CM) (n = 6) groups. Animals in CON
group received normal drinking water during the experimental period, and animals in
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the NM, SC and CM groups received 2% DSS with intraperitoneal injection of 100 pL
nomal medium solution three times (on 4, 6 and 8 d; NM group), 1 x 10° cells/100 pL
ADSCs once (on 4 d; SC group) or 100 pL mADSCs secretome three times (on days 4,
6, and 8; CM group), and then received normal drinking water ad libitum. Animals
were monitored daily for the body weight, the appearance of diarrhea, and the
presence of blood in the stool. The length of the colon was measured after sacrificing
animals on 11 d.

Histopathological analysis

To evaluate the histopathology of colon tissues, colons were incised longitudinally,
fixed with 10% buffered formalin and embedded in paraffin. The paraffin-embedded
colon tissue sections (4 pm-thickness) were stained with hematoxylin-eosin (H&E) to
evaluate the damage of colon tissues. The damage of colon tissues was determined by
four histological scoring parameters including inflammation severity (score 0-3),
inflammation extent (score 0-3), tissue injury (score 0-4) and crypt damage (score 0-4)
as described previously[33]. The histological score was defined as the sum of the four
parameter scores.

Quantitative real-time polymerase chain reaction assay

To determine the expression levels of inflammatory cytokines in colon tissue, total
RNA was extracted from each colon segment using Trizol reagent (Invitrogen). After
assessing the quality and concentration, 3 pg of total RNA was subjected to cDNA
synthesis using the TOPscript™ cDNA synthesis Kit (Enzynomics, Daejeon, Korea).
Quantitative real-time polymerase chain reaction (qQRT-PCR) was performed using
Power SYBR Green PCR master mix (Applied Biosystems, Foster City, CA, United
States) and 500 nM of each primer as follows: IL-1b, F: 5'-GAAATGC-
CACCTTTTGACAGTG-3, R: 5-TGGATGCTCTCATCAGGACAG-3; IL-6, F: 5'-
CTGCAAGAGACTTCCATCCAG-3'. R: 5-AGTGGTATAGACAGGTCTGTTGG-3;
tumor necrosis factor-a (TNF-a), F: 5'-CTGAACTTCGGGGTGATCGG-3’, R: 5'-
GGCTTGTCACTCGAATTTTGAGA-3’; Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), F: 5- TGGCCTTCCGTGTTCCTAC-3’, R: 5-GAGTTGCTGT-
TGAAGTCGCA-3'. The following conditions were used: 95 °C/15 min, followed by 40
cycles of 95 °C/30's, 60 °C/30 s, and 72 °C/30 s in the RT-PCR (7300 RT-PCR System;
Applied Biosystems, Foster City, CA, United States). The levels of mRNA expression
were normalized according to the internal control of the housekeeping gene GAPDH
and represented as the levels of mRNA expression in NM, SC and The CM groups
relative to those in CON group.

Enzyme-linked immunosorbent assay for serum IL-6

To determine the concentration of serum IL-6, blood was obtained from the inferior
vena cava using a 21-gauge syringe and centrifuged at 100 x g for 3 min, then serum
was collected and stored at -20 °C until use. The concentration of IL-6 in serum was
measured using mouse IL-6 enzyme-linked immunosorbent assay (ELISA) Ready-SET-
Go (eBiosciences, San Diego, CA, United States) according to the manufacturer's
protocols. Briefly, an ELISA plate was coated with anti-mouse IL-6 and incubated
overnight at 4 °C. After washing 3 times with wash buffer, the plate was blocked with
diluent solution at room temperature for 1 h. Then, serum sample was added to the
plate and incubated overnight at 4 °C. After washing, the plate was incubated with
detection antibody at room temperature for 1 h and then with Avidin-HRP for 30 min.
After incubating with TMB solution for 5 min, the reaction was stopped with stop
solution. The absorbance was measured at 450 and 570 nm. The concentrations of
serum IL-6 were determined with the standard curve and represented as pg/mL.

Statistical analyses

Data values were expressed as mean + SEM for each group. Statistical analysis was
performed with the Kruscal-Wallis test using SPSS version 18. Differences with P <
0.05 or P < 0.005 were considered to be statistically significant.

RESULTS

Characterization of isolated mADSCs
mADSCs were isolated from abdominal adipose tissue of 7 week-old C57BL/6 mice.
To characterize the isolated mADSCs, flow cytometry analysis was performed to
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validate the surface antigens of mADSCs at passage 3 or 4. The isolated mADSCs were
positive for CD90, CD73, and CD29, but negative for CD45, CD34. CD31 (Figure 1A).
The expression profiles of the surface antigens of mADSCs were not changed during
passages 3-7 (data not shown). Therefore, mADSCs at passage 3 through 5 were used
for all experiments. These results indicate that the isolated mADSCs maintain the gene
expression profile specific for mADSCs during the experiment.

Cytokine profiles in conditioned mADSCs secretome

Conditioned mADSCs secretome were prepared from the conditioned medium in
which mADSCs were cultured with 1 pg/mL of LPS for 24 h and compared with
mADSCs secretome cultured without LPS. Cytokine profiles in mADSCs secretome
and the conditioned mADSCs secretome were determined using mouse cytokine array
kit containing 40 kinds of cytokine antibody (Figure 1B). 21 antibodies out of 40
antibodies were detected as strong positive spots with more than 1000 intensity in the
conditioned mADSCs secretome (Table 1). The conditioned mADSCs secretome
contained a high amount of colony-stimulating factors [granulocyte colony-
stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-
CSF), and macrophage-colony stimulating factor], inflammatory chemokines [(C-X-C
motif) ligand (CXCL) 1, CXCL2, carbon tetrachloride (CCL)3, CCL5, and CCL2] and
inflammatory cytokines (TNF-a and IL-6). The amount of CCL4, G-CSF, CXCL2 and
CXCL10 increased more than 10-folds in the conditioned mADSCs secretome
compared to mADSCs secretome. These results indicate that the conditioned mADSCs
secretome by the stimulation of LPS contains high amount of colony-stimulating
factors, inflammatory chemokines and cytokines.

Effects of the conditioned mADSCs secretome on body weight and colon length in

DSS-induced mice

To investigate the effects of conditioned mADSCs secretome in the DSS-induced colitis
model of mice, mice in the NM, SC, and CM groups were treated with 2% DSS in
drinking water from days 0 to 7 and then with normal drinking water thereafter until
sacrifice. The NM mice and CM mice were injected intraperitoneally on days 4, 6, and
8 with normal medium and conditioned mADSCs secretome, respectively. SC mice
were injected with mADSCs (5 x 10°cells/100 pL/mouse) through the tail vein on day
4. In all treatment groups, body weight started to decrease on day 5 (Figure 2A). The
NM and SC groups kept the loss of body weights until sacrificed on day 11. However,
the body weight in the CM group started to be recovered on day 7 and similar to body
weight in untreated CON group on day 11. On day 11 mice were sacrificed and colon
length was measured without tension from cecum to rectum (Figure 2B). Colon length
in NM and SC groups significantly (P < 0.05) decreased compared to that in the CON
group, but colon length in the CM were longer than that in NM and SC groups
(Figure 2C). These results indicate that the conditioned mADSCs secretome improved
the recovery of body weight and colon length in DSS-induced mice.

Effects of the conditioned mADSCs secretome on damage of colon tissues in DSS-

induced mice

To investigate the effects of conditioned mADSCs secretome on the damage of colon
tissues in DSS-induced mice, the damage of colon tissues was assessed by histological
score using H&E stained colon tissue sections. To assess the overall damage to colon
tissue, macroscopic appearances of the opened whole colon tissues were examined
after sacrificing the mice on day 11 (Figure 3A). Colon tissues from the NM and SC
groups showed striking hyperemia and a little hyperemia, respectively. Meanwhile,
colon tissues from the CM group did not show hyperemia. In H&E stained tissues
(Figure 3B), the CM group showed no loss of mucosa without crypt damage whereas
the NM and SC groups showed severe loss of mucosa with crypt damage. The NM
and SC group also showed the significant infiltration of immune cells, but the CM
group showed a little infiltration of immune cells. The damage to colon tissues was
assessed using histological scores determined by the severity of inflammation, tissue
injury and crypt damage (Figure 3C). Histological scores in the CM group were
significantly lower than in the NM group (14.4 £ 1.2 in the NM group vs 6.3 + 1.5 in the
CM group, P < 0.05). These results indicate that the conditioned mADSCs secretome
improved the recovery of damaged colon tissue in DSS-induced mice.
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Table 1 Cytokine expression profiles in the secretomes of mouse adipose-derived stem cells and mouse adipose-derived stem cells

stimulated with lipopolysaccharides (ug/mL) for 24 h

Cytokine mADSCs MADSCs w/LPS Ratio’
CCL4 218 4516 20.8
G-CSF 218 4138 19.0
CXCL2 467 4811 103
CXCL10 433 4342 10.0
GM-CSF 335 3198 95
CCL3 629 4986 7.9
TNF-a 836 5863 7.0
IL-1ra 515 3610 7.0
CXCL1 1583 6263 40
CCL1 307 1178 38
CCL5 1137 4194 3.7
CD54 243 796 33
CXCL9 399 1180 3.0
M-CSF 1530 3147 21
IL-6 3197 4642 15
IFN-y 512 559 11
CXCL12 4711 4798 1.0
TIMP-1 3735 3553 1.0
CCL2 5228 3646 0.7
IL-la 852 482 06

IRatio represents the intensity value of mouse adipose-derived stem cells (mADSCs) w/lipopolysaccharides relative to the intensity value of mADSCs used
as a control. mADSCs: Mouse adipose-derived stem cells; LPS: Lipopolysaccharides; CCL: Carbon tetrachloride; G-CSF: Granulocyte colony-stimulating
factor; CXCL: (C-X-C motif) ligand; TNF-a: Tumor necrosis factor-a; IL: Interleukin; M-CSF: Macrophage-colony stimulating factor; IFN-y: Interferon-y;
TIMP-1: Tissue inhibitor of metalloproteinase 1.

Effects of the conditioned mADSCs secretome on expression of inflammatory

cytokines

The mRNA expression levels of inflammatory cytokines IL-1b, IL-6, and TNF-a were
evaluated in colon tissues of DSS-induced mice on day 11 after treatment using qRT-
PCR (Figure 4). The expression levels of mRNAs in all groups were expressed as the
relative levels compared to the CON group. The expression of IL-1b mRNAs increased
in the NM group, SC group and CM group compared to the CON group. The
expression of IL-1b mRNA in the CM group was significantly lower (P < 0.05) than in
the SC group. The expression of IL-6 mRNA increased in the NM group and SC group.
The expression levels of IL-6 in the CM group were significantly lower than in both of
the NM group (P < 0.005) and SC group (P < 0.05). The expression level of TNF-a
mRNAs was significantly higher in the SC group than in the CON group (P < 0.005)
and the CM group (P < 0.05). However, the expression level of TNF-a mRNAs in the
NM and CM groups did not differ from that in the CON group. These results indicate
that the conditioned mADSCs secretome suppressed the upregulation of IL-6 mRNA
expression in damaged colon tissue of DSS-induced mice.

Effects of the conditioned mADSCs secretome on serum IL-6 concentration of DSS-

induced mice

To investigate the effects of conditioned mADSCs secretome on serum IL-6 concen-
tration of DSS-induced mice, the DSS-induced mice were sacrificed on 11 d after DSS
treatment. The concentration of IL-6 protein in serum was determined by ELISA
(Figure 5). The concentration of serum IL-6 in DSS-induced mice was significantly
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Figure 1 Characterization of mouse adipose-derived stem cells and secretome of mouse adipose-derived stem cells. A: Flow cytometric
analysis of surface antigens of mouse adipose-derived stem cells (nADSCs) isolated from C57BL/6 mice. They were positive for Crohn’s disease (CD)90, CD73 and
CD29, and negative for CD45 and CD34, and CD31; B: Cytokine antibody arrays for secretome of mADSCs. Untreated mADSCs secretome was isolated from
mADSCs without lipopolysaccharides (LPS) treatment, and conditioned mADSCs secretome was isolated from mADSCs cultured with LPS (1 ug/mL) for 24 h. Cell
culture supernatants were subjected to cytokine antibody array. mADSCs: Mouse adipose-derived stem cells; CD: Crohn’s disease.
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higher in NM group (207.40 pg/mL) than in the SC group (38.01 pg/mL, P < 0.05) and
the CM group (5.94 pg/mL, P < 0.05). The concentration of serum IL-6 in the CM
group was not much different from that in the CON group compared to the NM group
and SC group. These results indicated that the conditioned mADSCs secretome
suppressed the elevation of serum IL-6 concentration in DSS-induced mice.

DISCUSSION

ADSCs have emerged as a promising therapeutic tool for tissue inflammation and
injury. The majority of clinical trials for MSC therapy have used ADSCs than other
type of MSCs because of their availability, less invasiveness and cell yield from
adipose tissue[34,35]. Although the regenerative effects of ADSCs may be the result of
their ability to migrate and engraft into injured sites, their immune-modulatory
activity is also mediated by soluble paracrine factors secreted from ADSCs. However,
it is remains unclear whether the therapeutic efficacy of soluble paracrine factors is
better than ADSCs themselves in inflammation-related disease. This study showed
that the conditioned ADSCs secretome had more potent therapeutic effects than
ADSCs themselves in the regeneration of damaged colon tissue in acute colitis through
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Figure 2 Effects of conditioned mouse adipose-derived stem cells secretome on body weight and colon length in dextran sulfate sodium-
induced mice. A: The treatment of Conditioned mouse adipose-derived stem cells (MADSCs) secretom (CM) ameliorated the loss of body weight of dextran sulfate
sodium-induced mice. Normal culture medium or CM was injected intraperitoneally into mice on days 4, 6 and 8. mADSCs was injected via tail vein on day 4. Mice
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the suppression of IL-6 production

In this study, mADSCs isolated from abdominal adipose tissue of 7 w-old C57BL/6
mice were used for the transplantation and preparation of conditioned mADSCs
secretome. The mADSCs expressed the stromal-associated markers (CD90, CD73 and
CD29) known as positive markers of mADSCs, and did not expressed hematopoiectic
markers (CD34 and CD45) or endothelial cell marker (CD31), which are known as
negative markers for mADSCs. The results of this study are consistent with the result
of the previous study[36], which confirms the characteristics of the isolated mADSCs.
It has been shown that ADSCs secretome consists of the growth factors for wound
healing, cytokines for modulation of immune system, and chemokines for cell
migration and engraftment[26,37]. A variety of culture conditions for ADSC culture
affects the compositions of ADSCs secretome, which may influence the biological
functions for tissue repair and regeneration[38]. It has been reported that the MSC
secretome contains pro-inflammatory cytokines (IL-1b, IL-6, IL-8 and IL-9) as well as
anti-inflammatory cytokines (IL-10, IL-13, IL-17 and IL-1ra), and the balance between
these pro-inflammatory and anti-inflammatory cytokines may influence the final effect
[26]. Moreover, the exposure of human ADSCs to LPS for 24 h increase the secretion of
hematopoietic factors (G-CSF, GM-CSF and M-CSF) and the pro-inflammatory
cytokines (IL-6, IL-8, IL-11 and TNF-a)[39]. In this study, we treated mADSCs with 1
pg/mL LPS to prepare the conditioned mADSCs secretome. The exposure of mADSCs
to LPS for 24 h increased the secretion of pro-inflammatory cytokines (IL-6, IL-17 and
TNF-a), anti-inflammatory cytokines (IL-1ra and IL-5), hematopoietic factors (G-CSF,
GM-CSF and M-CSF), cell recruitment-related chemokines (CCL1, CCL3, CCL4 and
CCL5) and inflammatory-related chemkines (CXCL1 and CXCL2), which is consistent
with the previous studies[37,39]. Taken together, these results show that the
conditioned mADSCs secretome used in this study contains various components
involved in the immunomodulation and regeneration, which suggests that the
conditioned mADSCs secretome may display more efficient regenerative effects in the
recovery of damaged tissues.

Many studies have shown the therapeutic potent of ADSCs in several inflammatory
diseases such as acute colitis, thyroiditis, and arthritis[36,40,41]. The injection of
mADSCs reduced the histopathologic severity of colitis, body weight loss, diarrhea
and inflammation in trinitrobenzene sulfonic acid (TNBS)- or DSS-induced colitis
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Figure 3 Effects of conditioned mouse adipose-derived stem cells secretome on damage of colon tissues in dextran sulfate sodium-
induced mice. A: Macroscopic appearance of colon tissues; B: Representative hematoxylin and eosin stained sections of damaged colon tissues are shown on
magnification, 40 x or 100 x; C: The damage of colon tissues was assessed by histological score. Values are mean + SEM (n = 4-6 mice per group). P < 0.05. CON:
Control; NM: Normal culture medium; SC: Mouse adipose-derived stem cells (mADSCs); CM: Conditioned mADSCs secretome.

mouse models[42]. However, the clinical results of ADSCs therapy for inflammatory
diseases are inconsistent, which may be due to the different cell sources and cell
preparation methods[43,44]. Moreover, MSCs therapy requires a large number of cells
and is influenced by uncertain factors such as administration routes and culture
conditions, which indicates that there is a difficulty in standardizing MSCs therapy
protocols. Therefore, recent studies have focused on the secretome from MSCS as an
alternative therapeutic option for tissue regeneration[26]. In this study, we compared
the therapeutic effects of conditioned mADSCs secretome with mADSCs in DSS-
induced acute colitis mouse model. The injection of conditioned mADSCs secretome
intraperitoneally into mice significantly improved the recovery of body weight, colon
length and histopathological scores, but the intraperitoneal injection of mADSCs did
not show any improvement in the recovery of mice. In a previous study, the intraperi-
toneal injection of mADSCs recovered body weight and significantly reduced
histopathological signs in mice with TNBS-induced colitis[42]. Another study,
however, showed that the intraperitoneal injection of mADSC did not improve the
recovery of body weight, colon length and histological score in mice with DSS-induce
colitis[45]. The inconsistent results in the effect of mADSCs on acute colitis may results
from the different ADSCs injection protocols including variation in cell dose, injection
timing and cell preparation method. However, our results showing the achievement of
significant improvement by the treatment of mADSCs secretome in DSS-induced
colitis is consistent with the results of a previous study reporting a reduction in DSS-
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Figure 4 Effects of the conditioned mouse adipose-derived stem cells secretome on the expression of inflammatory cytokines in colon
tissues of dextran sulfate sodium-induced mice on day 11. The mRNA expression levels of inflammatory cytokines interleukin (IL)-1b, IL-6 and tumor
necrosis factor-a (TNF-a) were evaluated by quantitative real-time polymerase chain reaction analysis. The mRNA expression levels in normal culture medium,
mouse adipose-derived stem cells (MADSCs) or conditioned mADSCs secretome were represented as the relative values to the expression levels in control. Values
are mean + SEM (n = 4-6 mice per group). A: IL-1b; B: IL-6; C: TNF-a.. 2P < 0.05; °P < 0.005. CON: Control; NM: Normal culture medium; SC: Mouse adipose-derived
stem cells (MADSCs); CM: Conditioned mADSCs secretome; IL: Interleukin; TNF-a: Tumor necrosis factor-a.
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Figure 5 Effects of conditioned mouse adipose-derived stem cells secretome on the concentration of interleukin-6 in serum of dextran
sulfate sodium-induced mice on day 11. The concentration of interleukin-6 in serum was evaluated by enzyme-linked immunosorbent assay. Values are
mean + SEM (n = 4-6 mice per group). *P < 0.05; ®P < 0.005. CON: Control; NM: Normal culture medium; SC: Mouse adipose-derived stem cells (nADSCs); CM:
Conditioned mADSCs secretome; IL-6: Interleukin-6.

induced colitis by the intraperitoneal injection of umbilical cord-derived MSC extract
[46]. Therefore, the present study indicates that mADSCs secretome might be a more
efficient and manageable therapeutic tool in regenerative medicine than the direct
injection of mADSCs themselves.
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Cytokines are key regulators in the intestinal immune response including inflam-
mation. It has been known that IL-1b, IL-6 and TNF-a are important pro-inflammatory
cytokines promoting inflammation in the innate immune response[47]. Previous
studies have reported that ADSC or BMSC decreased the expression of IL-1b, IL-6 and
TNF-a mRNA in colon tissues of mice treated with TNBS or DSS in comparison with
untreated mice[41,48]. In our results, mADSC treatment decreased the expression of
IL-6 mRNA in colon tissue, but did not decrease the expression of IL-1b and TNF-a
mRNA in colon tissue of DSS-treated mice. However, treatment with mADSC
secretome decreased the expression of IL-1b, IL-6 and TNF-a mRNAs in colon tissue of
DSS-treated mice. Moreover, the serum levels of IL-6 protein were much less with
treatment of the conditioned mADSC secretome than with mADSCs themselves. Our
results indicate that treatment using conditioned mADSCs secretome is more effective
in suppressing inflammation than in treatment with mADSCs themselves, which is
mediated through the inhibition of pro-inflammatory cytokine synthesis in colon
tissue as well as the reduction of serum IL-6 levels.

CONCLUSION

In conclusion, conditioned mADSCs secretome could inhibit the synthesis of pro-
inflammatory cytokines in colon tissue and reduce serum IL-6 levels more effectively
than mADSCs themselves. This effective suppression of proinflammatory cytokines in
colon tissue and serum might mainly contributes to the recovery of damaged colon
tissue in a DSS-induced acute colitis model. Further studies are needed to identify the
factors in conditioned mADSCs secretome involved in the suppression of pro-inflam-
matory cytokines in damaged colon tissue.

ARTICLE HIGHLIGHTS

Research background

Inflammatory bowel diseases (IBD) causing chronic and destructive inflammation of
the gastrointestinal tract is mainly related to uncontrolled immune response. Current
treatment for IBD using immunosuppressive agents is not successful for significant
improvement in remission rates. It is necessary to develop effective, feasible and safe
therapeutic strategy for IBD. Stem cells having the ability to regulate immune response
have emerged as attractive therapeutic tools for incurable IBD.

Research motivation

Mesenchymal stem cells (MSCs) including adipose-derived stem cells (ADSCs) has
been known as a promising therapeutic for IBD. However, the transplantation of
MACSs in IBD patients showed inconsistent results because of their distinct differen-
tiation and regenerative potential, and the variety of protocols for treatment. In
addition, the therapeutic ability of MSCs is mostly mediated by their secretome
including cytokines, chemokines, growth factor, and hormones. Therefore, it has been
suggested that the MSCs secretome may have therapeutic potential for IBD treatment.

Research objectives

Although the immune-modulatory activity of ADSC is mediated by soluble paracrine
factors, it is still unclear whether the therapeutic efficacy of soluble factors secreted
from ADSCs is better than ADSCs themselves in inflammation-related diseases.
Therefore, the purpose of this study was to investigate the effects of conditioned
mouse ADSCs (mADSCs) secretome on colitis-induced mice.

Research methods

mADSCs were isolated from C57BL/6 mice (female, 8-10 wk-old) and identified using
fluorescence-activated cell sorting. The conditioned mADSCs secretome was obtained
by culturing mADSCs in serum-free medium with lipopolysaccharide (1 pg/mL) for
24 h, and characterized using a Proteome Profiler mouse cytokine array kit. For
induction of mouse acute colitis, mice (C57BL/ 6. female, 8-wk-old) were supplied with
2% dextran sodium sulfate for 7 d and then normal drinking water for 4 d. Animals
were divided into 4 groups, control (CON) group receiving normal drinking water
during the experimental period, normal culture medium (NM) group receiving 100 pL
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normal culture medium three times (on 4, 6 and 8 d), mADSCs (SC) group receiving 1
x 10° cells/100 pL ADSCs once (on 4 d) and conditioned mADSCs secretome (CM)
group receiving 100 pL mADSCs secretome three times (on days 4, 6, and 8). The
length of the colon and histopatholgy of colon tissues were evaluated after sacrificing
animals on 11 d. The mRNA expression levels of inflammatory cytokines in colon
tissue were determined by quantitative real-time polymerase chain reaction assay, and
the serum interleukin (IL)-6 levels were determined by enzyme-linked immunosorbent
assay.

Research results

The isolated mADSCs maintained the mADSCs specific gene expression profiles
during experiment. The conditioned mADSCs secretome obtained by culturing
mADSCs with 1 pg/mL of lipopolysaccharides for 24 h contained high amounts of
colony-stimulating factors, inflammatory chemokines and cytokines. The conditioned
mADSCs secretome in dextran sulfate sodium (DSS)-induced mice ameliorated the
loss of body weight and reduction of colon length, and improved the recovery of
damaged colon tissue. The expression of IL-1b mRNA and IL-6 mRNA in colon tissues
was significantly lower (P < 0.05) in the CM group than in the SC group (P < 0.05)
and/or NM group (P < 0. 005). However, the expression level of tumor necrosis factor-
a mRNAs in the NM and CM groups did not differ from that in the CON group. The
concentration of serum IL-6 in DSS-induced mice was significantly lower in the CM
group (5.94 pg/mL, P < 0.005) and the SC group (38.01 pg/mL, P < 0.05) than in NM
group (207.40 pg/mL), which indicates that the conditioned mADSCs secretome
suppressed the elevation of serum IL-6 concentration in DSS-induced mice.

Research conclusions

This study suggests that conditioned mADSCs secretome may inhibit the synthesis of
pro-inflammatory cytokines in the damaged colon tissue, and reduce serum IL-6
Levels more effectively than mADSCs themselves in DSS-induced mice. This effective
suppression of proinflammatory cytokines in colon tissue and serum might mainly
contributes to the recovery of damaged colon tissue in DSS-induced mice, which
suggests the therapeutic potential of the conditioned mADSCs secretome for IBD
treatment.

Research perspectives

The conditioned mADSCs secretome may serve as a novel therapeutic tool for IBD.
Therefore, it is needed to investigate the factors in conditioned mADSCs secretome
involved in the effective regeneration of damaged colon tissue.
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