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Abstract Inflammatory bowel diseases (IBDs) are the result
of pathological immune responses due to environmental fac-
tors or microbial antigens into a genetically predisposed indi-
vidual. Mainly due to their trophic properties, a mounting
interest is focused on the use of human mesenchymal
stem/stromal cells (hMSCs) to treat IBD disease in animal
models. The aim of the study is to test whether the secreted
molecules, derived from a specific population of second trimester
amniotic fluid mesenchymal stem/stromal cells, the spindle-
shaped MSCs (SS-AF-MSCs), could be utilized as a novel ther-
apeutic, cell free approach for IBD therapy. Induction of colitis
was achieved by oral administration of dextran sulphate sodium
(DSS) (3 % w/v in tap water), for 5 days, to 8-week-old
NOD/SCID mice. The progression of colitis was assessed on a
daily basis through recording the body weight, stool consistency
and bleeding. Conditioned media (CM) derived from SS-AF-
MSCs were collected, concentrated and then delivered intraper-
itoneally into DSS treated mice. To evaluate and determine the
inflammatory cytokine levels, histopathological approach was
applied. Administration of CM derived from SS-AF-MSCs cells
reduced the severity of colitis in mice. More importantly, TGFb1
protein levels were increased in the mice received CM, while

TNFa and MMP2 protein levels were decreased, respectively.
Accordingly, IL-10 was significantly increased in mice
received CM, whereas TNFa and IL-1b were decreased at
mRNA level. Our results demonstrated that CM derived
from SS-AF-MSCs cells is able to ameliorate DSS-induced
colitis in immunodeficient colitis mouse model, and thus, it
has a potential for use in IBD therapy.
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Introduction

The two main entities of inflammatory bowel disease (IBD)
are Crohn’s disease (CD) and Ulcerative Colitis (UC) and both
are characterised as being chronic, relapsing, inflammatory
conditions of the gastrointestinal tract. Although the underly-
ing aetiology is not completely understood, it is widely ac-
cepted that in genetically predisposed patients a combination
of local immune reactions and environmental factors that have
an effect on the initialisation and progression of the disease are
taking place [1]. Treating IBD has a basic goal to achieve
long-term remission (limited symptoms and mucosal lesions
healing) [2], reduce long-term disability and maintain good
quality of life [3].

The current treatment for IBD begins with 5-ASA agents
and antibiotics, followed by corticosteroids, immunomodula-
tors and biologic agents. When all fails, the patients are leaded
to surgery [4]. Today, concerning the anti-TNFa biologic
agents, the rates of remission still remain low [5]. Certain
patients do not respond to anti-TNFa biologic agents, and
some patients even if initially achieve an initial response to
induction therapy, they lose then this response over time with
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maintenance treatment [6]. Furthermore, treatments for in-
flammatory bowel disease are generally noted to have a num-
ber of side effects related to the GI tract and liver [6]. Despite
the advancements in medical therapy, gastroenterologists still
find it difficult to optimize treatment and maintain remission
in a large group of patients, and for a significant number of
patients, surgery is often the last option [5].

Thus, it is necessary to search for new treatment options for
IBD, such as using T lymphocytes, tolerogenic dendritic cells,
stem cells [hematopoietic (HSCs), and mesenchymal stem
cells (MSCs) in cell therapy [7–9]. More specifically, cell-
based treatments for IBD are focused on the use of MSCs
derived from bone-marrow [10] or adipose tissue [11, 12].
MSCs are known to supress the immune system by a wide
range of mechanisms which inhibit immune cell activation,
proliferation and function, and by protecting damaged tissues
through the release of anti-inflammatory and anti-apoptotic
agents [13]. Furthermore, MSCs can mediate tissue repair by
their multilineage differentiation potential and/or via produc-
ing growth factors, cytokines, and antioxidants, giving the
foundation for their ability to control an immune response
[11]. Regarding CD, MSCs therapy of intralesional infusions
presented local healing of fistula, whereas the effectiveness of
MSCs therapy in refractory IBD patients given systemic infu-
sions seems uncertain and patients who presented clinical re-
sponse post-treatment were few in number [14]. Basic limita-
tions of this therapy is that transplantation requires a great
number of cells, the ensuring that MSCs reach damaged tis-
sue, the donor variance and senescence before culture expan-
sion, as well as immunogenicity induced during culture and
cryopreservation [15–17].

Recently, fetal MSCs represent a novel tool for cell-based
therapies [18, 19]. Roubelakis et al. [20, 21] isolated MSCs
from the human second trimester amniotic fluid (AF-MSCs),
attained after informed consent during routine amniocentesis
for prenatal diagnosis, from the excess volume of sample that
is usually discarded. AF-MSCs exhibit an inherently low im-
munogenic profile, which decreases the potential for cell re-
jection and graft-versus-host-disease, making them suitable
for allogenic transplantation. In our previous studies, we have
shown that at least two morphologically distinct MSC subsets
can be isolated from human amniotic fluid [20]. In particular,
spindle shaped (SS)-AF-MSCs exhibit higher proliferation
rate and enhanced differentiation potential, compared to round
shaped (RS)-AF-MSCs and BMSCs [20, 22]. Secretome stud-
ies on SS-AF-MSCs, based on proteomics and proteome array
analyses, suggested the presence of a number of anti-
inflammatory molecules such as interleukins IL-10, IL-1ra,
IL-13 and IL-27 [22, 23] and angiogenic factors such as
angiopoietin-1, PD-ECGF, uPA and endostatin/collagen
XVIII [22, 24].

Roubelakis et al. showed that SS-AF-MSCs and their se-
creted molecules enhanced the production of vascular tubules

in vivo and in vitro, being more effective than BMSCs [24].
Similarly, in 2012, the same group [23] showed that factors
secreted by SS-AF-MSCs, such as IL-10, have a substantial
advantage in treating acute hepatic failure in a mouse model,
suggesting a paracrine anti-inflammatory effect of SS-AF-
MSCs. Additionally, Watanabe et al. [25] examined a para-
crine hypothesis for the function of rat MSCs against experi-
mental colitis, and suggested that MSCs produced pleiotropic
gut trophic factors with a therapeutic potential for treating
IBD.

In this study, the efficiency of conditioned media (CM),
derived from SS-AF-MSCs, were evaluated in a mouse model
where dextran sulphate sodium (DSS) was utilized to induce
experimental colitis as a new and innovative approach for IBD
cell-based therapy.

Material and Methods

Culture of SS-AF-MSCs and Production of CM

SS-AF-MSCs were obtained and characterized, as previously
described [23]. For CM preparation, 1.5 x 106 SS-AF-MSCs
were cultured until 80 % confluency and further allowed to
grow in DMEM (Sigma-Aldrich) media, containing 0.5 %
FBS (Gibco-BRL) for 48 h at 37 °C in a 5 % (vol/vol) humid-
ified CO2 chamber. At 48 h of culture, percentage of dead SS-
AF-MSCs was estimated by trypan blue staining (Gibco-
BRL) at 9.96 ± 1.29 %. Conditioned media were collected
and the total number of living (0 %) or dead cells (0 %, trypan
blue positive cells) was estimated. CMwas then centrifuged at
1200 rpm for 10 min and the supernatants were then filtered.
CM was concentrated (10–25 fold), of the original volume,
using a suitable ultra-filtration device (Millipore, Bedford,
Massachusetts, USA), as described previously [23]. The mo-
lecular cut off of the filters utilized was 3 kDa. The total
protein amount contained in the injected dose of CM
(200 μl) was 211.8 μg, as determined by Bradford assay
(BioRad, Laboratories, Ltd., UK).

Induction of DSS Induced Colitis in NOD-SCID Mice

Forty NOD-SCID mice were housed and maintained at the
Animal Facility of the Biomedical Research Foundation of
the Academy of Athens. The institute guidelines for the main-
tenance and treatment of animals, which adhere to the guide-
lines of the Association for Assessment and Accreditation of
Laboratory Animal Care, the recommendations of the
Federation of European Laboratory Animal Science
Associations and of the National Institute of Health, were
strictly followed.

Induction of colitis was performed by oral administration
of dextran sulphate sodium (DSS) (MP Biomedicals, Solon,
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OH) as previously described [26]. Briefly, NOD/SCID mice
received DSS in sterilized tap water (3 % DSS w/v) for 5 days
(Day1- Day 5). Mice were randomly assigned to 4 experimen-
tal groups: 3 % DSS treatment group (control group A,
n = 19), 3 % DSS treated with 0.5 % FBS fresh medium
(control group B n = 4), 3 % DSS treated with 20% FBS fresh
medium, (control group C n = 4), and 3 % DSS treated with
SS-AF-MSC-CM treated group (n = 21). CM was adminis-
tered by single intraperitoneal injection (200 μl dose). At day
5, after administration of CM, the solution of DSS was re-
placed by normal water until evaluation. On the 7th day of
the experiment mice were sacrificed. Colon tissue, of approx-
imately 2 cm, was excised.

Colitis Activity Evaluation

The progression of the colitis was monitored in daily basis by
examination of the animals’ clinical symptoms (weight loss,
diarrhoea occurrence and blood in stools) for 5 days following
the DSS administration. Weight measurements were per-
formed at Day 1 (before DSS treatment), at Day 2 (one day
after DSS administration) and at Day 5, when mice were
injected with CM.

Histopathological Analysis

Fresh colon tissue was excised, rinsed in saline solution, fixed
in 4 % formalin, and embedded in paraffin wax. Fresh colon
tissue was also collected and stored in −80 °C. Sections of
tissue (5 μm thick) were retrieved and placed on coated slides
before a haemotoylin-eosin staining was carried out. A blind
evaluation of histopathologial scores was carried out on each
mice separately, as stated in Zhang et al. [27] Histological
damage score denoted the combination of damage in the epi-
thelium and infiltration score, ranging from 0 (healthy) to 4
(severe colitis). Briefly, the criteria used to evaluate the sever-
ity of colitis were: Score 0: Unaffected, no evidence of inflam-
mation; Score 1: very low level of lymphocyte infiltration of
less than 10 % in a high-power field (hpf); Score 2: low lym-
phocyte infiltration of 10–25% in hpf; Score 3: moderate level
of lymphocyte infiltration (25–50% in hpf) with high vascular
density and thickening of the bowel wall; Score 4: high level
of lymphocyte infiltration (> 50 % in hpf), high vascular den-
sity, crypt elongation with distortion, and transmural bowel
wall thickening with ulceration.

Immunohistochemistry

Formalin-fixed paraffin-embedded (FFPE) sections were
stained for TGFb1 (1:100; Acris antibodies, AP06350PU-
N), MMP1 (1:150; Novus biologicals, NBP1–72,209),
MMP2 (1:200; Acris antibodies, AM00257AF-N) and TNFa
(1:30; Acris antibodies) antibodies. Slides were deparaffinised

in xylene and rehydrated in a graded alcohol series. Three %
H2O2 solution was used to block endogenous peroxidase ac-
tivity. The immunohistochemical staining on tissue sections
was performed using the ZytoChem Plus HRP Kit, Broad
Spectrum (Zytomed Systems GmbH, Berlin, Germany),
which is based on the streptavidin-biotin detection system,
according to the manufacturer’s instructions. An overnight
incubation of the tissue, at 4 °C with primary antibodies,
was carried out. After being washed 3 times in 1X PBS, the
sections were incubated with a biotinylated secondary anti-
body for 15 min at room temperature. A wash with 1X PBS
was carried out before the tissue sections were incubated with
horseradish peroxidase (HRP) labelled streptavidin for 15 min
at room temperature. Staining was visualized using diamino-
benzidine tetrahydrochloride (DAB) and a counterstain with
hematoxylin was performed.

The expression of immunohistochemical parameters was
classified by two independent blinded observers who
used a modified semi-quantitative immunoreactivity
score (IRS) according to the method of Remmele and
Stegner [28].

Intensity of staining was scored as 1 (negative), 2 (weak), 3
(medium) and 4 (intensive), whereby additional scores of 1
(0 %), 2 (<10 %), 3 (10–50 %), 4 (51–80 %), and 5 (81–
100 %) indicated the percentage of positive staining.
Multiplication of the respective intensity score (1–4)
and the respective additional score (1–5) resulted in
the IRS, which ranges between 1 and 20. A Leica
DM LB microscope equipped with a digital DFC 320
camera (Leica) and N-Plan objectives were used to ex-
amine the tissue slides and to assess intensity of stain-
ing. Photos were taken using a Leica Application Suite
ver 2.2 preloaded with automatic (software) set condi-
tions for image procurement.

RNA Extraction and Quantitative Real Time PCR

RNA ISO plus (Takara Bio, Otsu, Shiga, Japan) was
used on fresh colon tissue to extract total RNA. For
reverse transcription, 1 mg of total RNA was incubated
for 1 h at 42 °C with 500 mg/ml of Oligo dT 12–18,
10 mM deoxyribonucleotide triphosphates, 5× first-
strand buffer, 0.1 M dithiothreitol, and 200 U/ml MMLV re-
verse transcriptase (Invitrogen, Carlsbad, CA, USA). A
DNase treatment was performed on all of the RNA samples
before RT-PCR analysis to decrease the risk of the samples
being contaminated with DNA.

Assessment of the TNFα, IL1β, IL10 mRNA levels was
performed by employing the glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) expression levels as a reference gene.
Quantitation was performed using SYBR-Green PCR master
mix (Applied Biosystem, Foster City, CA, United States) on
an ABI Prism 7700 apparatus (Applied Biosystem).
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The thermal profile consisted of 95 °C for 2 min, 40 cycles
of denaturation at 95 °C for 30 s, annealing at 64 °C for 1 min,
and elongation with optics on for fluorescence monitoring at
72 °C for 1 min. For each individual reaction, a final melting
curve analysis from 72 to 95 °C was performed to ensure the
homogeneity of PCR products. The primers sequences were
as follows: GAPDH-(Fw): 5′-TTCACCACCATGGA
GAAGGC-3′, GAPDH-(Rv): 5′-GGCATGGACTGTGG
TCATGA-3′, TNFα-(Fw): 5′-CACGTCGTAGCAAA
CCACCAAGTGG-3 ′ , TNFα- (Rv):5 ’GATAGCAA
ATCGGCTGACGGTGTGG-3 ′ , I L 1β - ( Fw ) : 5 ′
CAGGTCGCTC AGGGTCACA-3 ′ , IL1β - (Rv ) :
5’CAGAGGCAAGGAGGAAACACA-3′, IL10-(Fw):
5’CACAAAGCAGCCTTGCAGAA-3 ′ , IL10-(Rv):
5’AGAGCAGGCAGCATAGCAGTG-3′.

Western Blot Analysis

For protein extraction, cells were harvested following
trypsinization and cell pellets were re-suspended in isoelectric
focusing sample buffer containing 7 M Urea (ApliChem Inc.,
Missouri, USA), 2 M Thiurea (Fluka, Sigma Aldrich Co., St.
Louis USA), 4 % w/v CHAPS (ApliChem Inc., Missouri,
USA), 1 % w/v DTE, (Sigma Aldrich Co., St. Louis USA)
and 2 % v/v IPG ampholytes (BioRad Laboratories Inc., CA,
USA), followed by bath sonication for 10 min. The suspen-
sion was centrifuged at 13.000rcf for 10 min and the superna-
tants were collected. 3.6 % v/v protease inhibitors (Roche)
were added to the extracts. Protein concentration was estimat-
ed by the use of Bradford reagent (BioRad Laboratories Inc.,
CA, USA).

CMwas collected and centrifuged at 1200 rpm for 10 mins
to remove debris and incubated with 7.5 % TCA (Trichloro
Acetic Acid), 0.1 % NLS (NLauroyl Sarcosine) at −20 °C
overnight. The samples were then centrifuged at 10.000 rcf
for 10 min at 4 °C. The supernatant was discarded, and the
pellet was washed in ice cold THF (Tetra Hydro Furan) and
centrifuged again as described previously. The final pellet
was-air dried and resuspended in Isoelectric Focusing (IEF)
sample buffer (7 M urea, 2 M thiourea, 4 % CHAPS, 1 %
DTE, 2 % IPG buffer and 3.6 % Protease inhibitors) by
10 mins bath sonication.

For western blot analysis, total protein amount of 10 μg
derived from cell extracts or CM were separated by 10 %
SDS-PAGE, transferred to Hybond-ECL NC membranes
(Amersham Biosciences, Sweden) and incubated with the
mouse anti-tubulin monoclonal antibody at a dilution 1:2000
(Sigma-Aldrich). The membranes were subsequently incubat-
ed with an anti-mouse HRP-conjugated secondary antibody
(Santa Cruz Biotechnology Inc.) at a dilution 1:6.000 and
developed using the ECL (Perkin-Elmer,MA, USA) detection
system. Films were scanned (GS-800, BioRad scanner) and

analyzed using Quantity One software (BioRad Laboratories
Inc., CA, USA).

Statistics

In all experiments the mean values ± standard deviations (SD)
were calculated. Experiments were performed in triplicate.
The ANOVA test, and then Bonferroni’s post hoc test, was
used for multiple comparison of results to find statistically
significant differences. For these analyses, GraphPad Prism
software (version 6.0) was used. Results with probability
values less than 0.05 (p < 0.05) were classified as statistically
significant.

Results

Establishment of DSS-Associated Colitis in NOD/SCID
Immunosuppressed Mice

We aimed to investigate the potential therapeutic role of se-
creted soluble factors derived from SS-AF-MSCs in to the
DSS-associated colitis. To achieve this goal, we examined
whether the intraperitoneally administration of CM derived
from SS-AF-MSCs could improve the pathological phenotype.
Intraperitoneally injection was selected as the most optimal ad-
ministration route, based on previous studies [25]. In our DSS-
induced colitis model, mice showed initial, mild, and severe
clinical signs of disease, once the 5-day treatment with DSS
had been completed. The body weight loss was clearly observed
as indicated in Fig. 1 (Day +1: 22.6 kg ± 2.6 vs Day +5:
16.1 kg ± 1.9, p < 0.0001). Additionally, the Disease Activity
Index (DAI), including clinical parameters of inflammation
(weight loss, diarrhoea and/or rectal bleeding) [29], were record-
ed. At day +5, 18 out of the 40 animals presented symptoms of
diarrhoea and/or rectal bleeding. CM injections were performed
at day +5, when the initial clinical signs were detected. No side
effects due to the CM administration were detected.

Fig. 1 NOD/SCIDmice received 3% dextran sulfate sodium (DSS) with
drinking water for 5 consecutive days. Bodyweight loss was significantly
prevented on days 1 to 5 of treatment. Data are represented as mean ± SD.
*p < 0.05, *** p < 0.0001
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CM Treatment Reduced the Extension and the Severity
of the Inflammation Compared to Control DSS-Treated
Mice

Histopathological examination of the colon sections in the
distal and proximal tracts showed that CM treatment signifi-
cantly decreased the extension and the severity of the inflam-
mation in comparison to the DSS-treated mice control groups
(Fig. 2). It is important to notice that fresh medium adminis-
tration into DSS treated mice at both concentrations had no
effect on inflammation and exhibited similar histology pattern
to control A, DSS-treated mice group.

As stated in the Materials and Methods section, a quantita-
tive assessment of histological damage was carried out. It was
shown, through the histological score data that CM adminis-
tration significantly reduced both inflammatory cell infiltra-
tion (macrophages and neutrophils), and epithelial injury com-
pared to that of the control A DSS-treated mice. Moreover,
CM-treated mice presented a lower histological score
(p < 0.01, in comparison to control group A) (Fig. 3a).
Western blot analysis was performed for contamination from
intracellular proteins such as tubulin in order to evaluate CM
quality. Tubulin protein levels were undermined in CM com-
pared to cell extract (Fig. 3b).

Downregulation of Tissue Inflammation by CM
–SS-AF-MSC Treatment

It has been reported previously, that SS-AF-MSC CM treat-
ment exhibits an anti-inflammatory role in mouse models re-
lated to inflammatory diseases [23]. More specifically, recent
evidence support, that CM treatment is related to the down-
regulation of pro-inflammatory and upregulation of anti-
inflammatory cytokine levels [23, 25]. Similarly, in order to

investigate the inflammatory response at the site of the injury,
we examined the mRNA levels of pro-inflammatory (TNF-a

Fig. 2 Histologic improvement
after CM treatment in DSS colitis.
Representative H&E-stained
paraffin sections A: without DSS
treatment; B: 5 days after DSS
treatment; C: DSS group treated
with 0.5 % FBS fresh medium, D:
DSS group treated with 20% FBS
fresh medium and E: CM-treated
group (Images are representative
of three separate experiments at
10X magnification)

Fig. 3 Effect of CM treatment on histologic colonic severity. A.Mice fed
with 3 % DSS and receiving CM therapy showed a significant lower
histologic severity score (1.9 ± 1.04) compared to control group A
(without CM treatment) (3 ± 1). [Values are mean ± SD (results are
from three separate experiments). **p < 0.01]. B. CM quality control.
(a-b) Western blot analysis for tubulin expression in SS-AF-MSC cell
extract. (c-d) Western blot analysis for tubulin expression in CM. Equal
loading of (i-iii) concentrated and (iv-vi) unconcentrated CM was
confirmed by coomassie blue staining
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and IL-1β) and anti-inflammatory (IL-10) cytokines in colon
tissues derived from the mice studied. Notably, we found that
CM treatment reduced the inflammatory responses, as indicat-
ed in Fig. 4, where the relative expression levels of IL-10
mRNA levels were significantly increased (2.13-fold expres-
sion ±0.22) in DSS treated mice received CM, compared with
the control group A. Similarly, TNF-a (1.56-fold expression

±0.42) and IL-1b (1.81-fold expression ±0.21) relative expres-
sion levels were decreased at mRNA level compared to con-
trol group A (Fig. 4).

Additionally, immunohistochemical analysis revealed that
protein expression of TGFb1, was significantly higher in the
CM-treatedmice (4.1 ± 1.29) compared to the control group A
(2.05 ± 0.69) (p < 0.0001). In agreement with these findings,
TNF-a and MMP2, both actively related in systemic inflam-
mation, were found downregulated at protein levels in colon
tissues derived from CM-treated mice compared to the control
group A (2.65 ± 0.81 vs 5.75 ± 0.85; p < 0.000, and
1.55 ± 0.69 vs 2.65 ± 1.53; p < 0.01, respectively) (Fig. 5).

Discussion

Although the aetiology of IBD is unknown, it is acknowl-
edged that epithelial cells are able to secrete and respond to
a variety of immunological mediators, thus suggesting that
these cells may play an important role in IBD pathogenesis
[30]. It has been shown that MSC treatment is related to de-
creased expression of a wide range of inflammatory cytokines

Fig. 4 Relative mRNA expression of inflammatory mediators (IL-10,
TNF-a, IL-1b). The colon tissue from CM-treated and from control
mice was prepared on day 7, and real-time RT-PCR was performed as
described in the Materials and Methods section. The results refer to the
comparison of DSS-treated mice received CM vs the control group A
mice. Values are mean ± SD

Fig. 5 a Box plots demonstrating
the IRS of TGFb1, TNF-a and
MMP2 protein expression in
colon tissue of CM-treated and
control mice. The results are
expressed as mean ± SD;
**p < 0.01, ***p < 0.0001; b
Representative Images of
immunohistochemical staining of
TGFb1, TNF-a and MMP2
protein in colonic tissue (Images
are representative of three
separate experiments at 20X
magnification)

Stem Cell Rev and Rep (2016) 12:604–612 609



and chemokines that modulate the systemic immune response.
Thus, many studies have been focused on the use of MSC
therapy to treat IBD [31–33]. Nevertheless, the exact function-
al role of MSCs in the recipient tissue remains uclear [34]. It
has been suggested that MSCs contribute either via engraft-
ment and differentiation by replacing damaged tissue and/or
as tropic suppliers by stimulating tissue repair through the
secretion of paracrine factors [35]. Nevertheless, it has been
recently shown that MSC therapeutic effects are not related to
engraftment and differentiation, but instead, relies on the para-
crine and/or endocrine factors the MSCs secrete favouring
tissue repair [23, 25, 36].

Our previous studies suggested the secretion of numerous
anti-inflammatory molecules such as interleukins IL-10, IL-
1ra, IL-13 and IL-27 [22, 23] and angiogenic factors such as
angiopoietin-1, PD-ECGF, uPA and endostatin/collagen
XVIII by AF-MSCs [22, 24].

In the present study, we focused on the anti-inflammatory
effects of the SS-AF-MSCs secretome in DSS colitis mouse
model. Based on our previous studies SS-AF-MSCs represent
an advantageous cell type due to their inherently low immu-
nogenic profile and high proliferation rate compared to adult
MSCs [20, 21, 23]. In this study, we show, for the first time,
that a single intraperitoneal injection of CM at the onset of the
DSS-colitis improved the clinical and histopathologic severity
of colitis in this animal model. Data obtained by real-time RT-
PCR analysis support that the CM-treatment significantly
downregulated the expression of inflammation markers such
as TNF-a, and IL-1b at mRNA level, while upregulated anti-
inflammatory cytokines such as IL-10 at mRNA level. It is
known that IBD is related to an increase in activation of im-
mune cells in the intestine, whose overproduction of pro-
inflammatory cytokines, such as TNF-a, and IL-1b, is in-
volved in mediating the sustained inflammatory response
[37].

Additionally, IL-10 acts on Th1 cells and macrophages
mainly by an inhibitory mechanism, which in turn inhibits
the production of pro-inflammatory cytokines, including IL-
1, TNF-a, and IL-6 [38]. In agreement with previous studies,
our data support that CM derived from SS-AF-MSCs might
act through an anti-inflammatory mechanism, indicating in
this way a potential therapeutic approach for IBD treatment
[23, 33, 39]. Further functional in vivo and in vitro studies are
needed to unveil the exact mechanism by which these mole-
cules exhibit an anti-inflammatory effect on DSS induced
colitis.

Immunohistochemical analyses exhibited an advantageous
effect of CM-treatment in colon tissues of DSS-treated mice.
More specifically, protein levels of TNF-a, and MMP2 were
found notably elevated in colonic tissues of mice that did not
received CM-treatment, reflecting ongoing inflammation and
impaired healing [40], and were significantly decreased in the
CM-treated group. Concerning MMP2, transcripts or protein

levels of MMP-1, −2, −3, −7, −9, −10, −12, and −13 are
demonstrated to be upregulated in inflamed IBD mucosa or
serum of IBD patients, and MMP proteolytic activity was
increased in cells from inflamed IBD epithelium. In agreement
to our findings, MMP2 was also shown to be upregulated in a
rat TNBS-induced colitis model and corresponded with the
severity of the disease [41]. Beyond the extracellular matrix
degradation and remodelling, in intestinal inflammation
MMPs can activate or inhibit a wide range of cytokines,
chemokines, receptors, adhesion molecules and signalling
molecules in order to regulate local inflammation [42]. Thus,
SS-AF-MSCs CM-treatment leads to MMP2 protein levels
decrease which could be of benefit in treating IBD. We also
observe elevated protein expression of TGFb1 in CM-treated
mice. It is known that TGFb receptor signalling plays a basic
part in controlling the progression and recovery of
inflammation-related colitis [43] Recently, Liu et al. [44]
maintained that MSCs transplantation substantially improves
DSS-colitis through recruited macrophages increasing their
TGFβ1 production. Collectively, in agreement with previous
studies that used bone marrow MSCs, our results support that
CM derived from SS-AF-MSCs, may also improve DSS-
colitis by down-regulating of Th1-Th17-driven inflammatory
responses (TNF-α, IL-1b), and through the up-regulation of
Th2 activities (IL-10) [45, 46].

In conclusion, our findings suggest that paracrine effects
and secreted molecules from SS-AF-MSCs may represent an
attractive tool for cell-free therapy for IBD. However, integrat-
ed identification and validation of the key molecular determi-
nants and mechanism (s) mediated by the CM derived from
AF-MSCs are needed in order to prove if this strategy may
represent one of the main challenges of stem cell applications
in inflammatory bowel diseases.
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