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Abstract: Cell therapy with mesenchymal stem cells (MSCs) is expected to provide a new strategy for the treatment 
of inflammatory bowel disease (IBD). Large amounts of MSCs can be obtained from human amnion. Therefore, 
we investigated the effect of transplantation of human amnion-derived MSCs (hAMSCs) or enema of conditioned 
medium (CM) from hAMSCs into rats with 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis. In the first ex-
periment, 10-week-old male Sprague-Dawley rats were intravenously injected with hAMSCs (1 × 106 cells) 3 h after 
rectal administration of TNBS (45 mg/kg). In the second experiment, rats with TNBS-induced colitis received CM 
by enema into the colon for 3 days. Colitis was investigated by endoscopy, histology, immunohistochemistry, and 
by measuring mRNA expression of inflammatory mediators. Administration of hAMSCs or CM enema significantly 
improved the endoscopic score. In addition, these two interventions resulted in significantly decreased infiltration of 
neutrophils and monocytes/macrophages and decreased expression levels of TNF-α, CXCL1, and CCL2. In conclu-
sion, transplantation of hAMSCs and CM enema provided significant improvement in rats with TNBS-induced colitis. 
CM from hAMSCs and hAMSCs may be new strategies for the treatment of IBD.
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Introduction 

Crohn’s disease (CD) is a chronic, relapsing, 
progressive inflammatory disorder of the gas-
trointestinal tract [1]. Prevalence of CD is gen-
erally high in Europe and North America, and 
the number of Crohn’s patients in Asia is rapidly 
increasing [2, 3]. Currently, treatments for CD 
focus on suppressing inflammation with medi-
cations. Anti-inflammatory agents, such as 
5-aminosalicylates, corticosteroids, and immu-
nomodulators, have been widely used [4], and 
anti-tumor necrosis factor (TNF)-α biological 
agents have dramatically changed the strategy 
to control mucosal inflammation [5-7]. However, 
anti-inflammatory treatments have limited ther-
apeutic efficacy because of the loss of response 
and side effects [8], and complicated cases 

may require surgery, such as bowel resection 
and ileostomy [4]. Therefore, the development 
of alternative treatment is needed.

Cell therapy with mesenchymal stem cells 
(MSCs) is expected to make a new therapeutic 
strategy. MSCs are multipotent cells that are 
present in adult tissue and that can differenti-
ate into a variety of lineages, including bone, 
cartilage, or fat [9]. It has been reported that 
MSCs have the potential to improve damaged 
tissues by the secretion of a variety of growth 
factors and anti-inflammatory molecules [10, 
11].

The amnion has been found to be a rich source 
of MSCs and has the added benefit of accessi-
bility because it is generally discarded as medi-
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cal waste and can be obtained without the 
need of an invasive procedure [12, 13]. We 
have previously demonstrated the efficacy of 
human amnion-derived MSCs (hAMSCs) for 
several inflammatory diseases in animal mod-
els, such as dextran sulfate sodium (DSS)-
induced severe colitis [14], radiation proctitis 
[15], acute and chronic pancreatitis [16], and 
carbon tetrachloride-induced liver fibrosis [17]. 
In addition, we have shown that conditioned 
medium (CM) obtained from hAMSCs downreg-
ulates the activity of cultured inflammatory 
cells and has the capacity to protect cells from 
radiation injury [14-17]. DSS-induced colitis 
model is widely used as a model for ulcerative 
colitis (UC), and 2,4,6-trinitrobenzene sulfonic 
acid (TNBS) is widely used as a model for CD 
because the pathology of TNBS-induced colitis 
resembles human CD [18, 19]. However, the 
therapeutic efficacy of hAMSCs against TNBS-
induced colitis has not been reported. We 
thereby investigated whether the intravenous 
administration of hAMSCs or CM enema could 
improve TNBS-induced colitis in rats.

Materials and methods

Animals

The experimental protocol was approved by the 
Animal Care and Use Committees of Hokkaido 

University. Ten-week-old male Sprague-Dawley 
rats were procured from Japan SLC (Hama- 
matsu, Japan); three rats were housed per cage 
in a temperature-controlled room (24°C) on a 
12 h light/12 h dark cycle. All rats had access 
to standard pellets ad libitum.

Induction of colitis

A 2-mm diameter rubber tube was inserted into 
the rectum approximately 8 cm from the anus. 
Colitis was induced by intrarectal administra-
tion of 200 μL TNBS (45 mg/kg, Wako Pure 
Chemical Industries, Osaka, Japan) and 30% 
ethanol under pentobarbital anesthesia (200 
μL, Kyoritsuseiyaku Corporation, Tokyo, Japan) 
on day 0 (Figure 1).

Isolation and expansion of hAMSCs

The Medical Ethical Committee of Hokkaido 
University Graduate School of Medicine, 
Sapporo, Japan approved this research, and 
one pregnant woman gave written informed 
consent. The human fetal membrane was 
obtained during Cesarean delivery, and the 
amnion was manually peeled from the chorion. 
hAMSCs were isolated and expanded by diges-
tion with brightase (Nippi, Tokyo, Japan) and 
dispase (Wako Pure Chemical Industries, 
Osaka, Japan), followed by seeding in uncoated 
plastic dishes with minimal essential medium 
(MEM) α (Life Technologies, Carlsbad, LA, USA) 
supplemented with 10% fetal bovine serum 
(FBS; Life Technologies), 100 U/mL of penicillin, 
and 100 µg/mL of streptomycin (Wako Pure 
Chemical Industries, Osaka, Japan). Cell cul-
tures were maintained at 37°C in a humidified 
atmosphere of 95% air and 5% CO2. After 3-4 
days in culture, non-adherent cells were remo- 
ved and adherent cells were maintained in cul-
ture until they reached 80% confluence. The 
passage was performed using 0.5% trypsin/
EDTA (Life Technologies). 

Preparation of CM gel from hAMSC culture

hAMSCs were cultured in a complete medium 
until the cells reached a sub-confluent state. 
After washing with phosphate-buffered saline 
(PBS, Life Technologies) three times, cells were 
further cultured with serum-free MEMα for 48 
h. Next, CM was collected and centrifuged at 
400 × g for 5 min; the supernatant was stored 
at -80°C until use. CM gel was made by mixing 
CM with 2% carboxymethyl cellulose (CMC, 
Wako Pure Chemical Industries). Serum-free 
MEMα mixed with CMC was used as a standard 
medium (SM) gel.

Figure 1. Experimental protocol for 2,4,6-trinitroben-
zene sulfonic acid (TNBS)-colitis model. Experiment 
1: protocol for the human amnion-derived mesenchy-
mal stem cell (hAMSC) transplantation model. Rats 
received enemas of TNBS on day 0 and 1 × 106 hAM-
SCs were intravenously infused 3 h later. Experiment 
2: protocol for the enema of conditioned medium 
(CM) model. Rats received enemas of TNBS on day 
0 and CM was intrarectally infused 3, 24, and 48 h 
later.
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Differentiation of hAMSCs into adipocytes and 
osteocytes

The hAMSCs were seeded into 6-well plates, 
and differentiation into adipocytes and osteo-

cytes was induced when the hAMSCs were 
80%-90% confluent. To induce differentiation 
into adipocytes, hAMSCs were cultured with 
hMSC adipogenic differentiation medium 
(Lonza, Basel, Switzerland), according to the 

Figure 2. Characterization of cultured human amnion-derived mesenchymal stem cells (hAMSCs). A. Multipotency 
of hAMSCs. Differentiation into adipocytes was confirmed by the presence of lipid vesicles stained with oil red O 
(left panel). Scale bars, 50 µm. Differentiation into osteocytes was confirmed by the existence of mineral nodule 
deposition stained with alizarin red S (right panel). Scale bars, 200 µm. B. Flow cytometry of hAMSCs. The negative 
cocktail contained antibodies against CD11b, CD19, CD34, CD45, and HLA-DR. Closed areas indicate staining with 
a specific antibody, whereas open areas represent staining with isotype control antibodies. 
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manufacturer’s instructions. After 3 weeks of 
differentiation, cells were stained with oil red O 
(Sigma-Aldrich, St. Louis, MO, USA) to confirm 
differentiation. To induce differentiation into 
osteocytes, hAMSCs were cultured in hMSC 
osteogenic differentiation medium (Lonza), 
according to the manufacturer’s instructions. 
After 2 weeks of differentiation, cells were 
stained with alizarin red S (Sigma-Aldrich) to 
confirm differentiation.

Flow cytometry

Cultured hAMSCs were harvested with 0.5% 
trypsin/EDTA and stained using the Human 
MSC Analysis Kit (Becton, Dickinson and 
Company (BD), Franklin Lakes, NJ, USA), which 
included phycoerythrin (PE)-conjugated anti-
CD44, allophycocyanin (APC)-conjugated anti-
CD73, fluorescein-isothiocyanate (FITC)-con- 
jugated anti-CD90, and PerCP-Cy5.5-conju- 
gated anti-CD105 antibodies, as well as a neg-
ative cocktail (PE-conjugated anti-CD11b, anti-
CD19, anti-CD34, anti-CD45, and anti-HLA-DR 
antibodies), according to the manufacturer’s 

instructions. Cells were analyzed using a FACS 
Canto II flow cytometer (BD). 

Transplantation of hAMSCs

In experiment 1, 1 × 106 hAMSCs suspended in 
200 μL of PBS were intravenously transplanted 
through the penile vein 3 h after administration 
of TNBS on day 0 (N = 9) (Figure 1); 200 μL of 
PBS was injected into the Control (N = 6) and 
TNBS (N = 9) groups.

Enema of hAMSC-CM

In experiment 2, 400 μL of the hAMSC-CM gel 
was injected intrarectally 3, 24, and 48 h after 
administration of TNBS in the TNBS+CM gel 
group (N = 9, Figure 1); 400 μL of SM gel was 
injected in the TNBS group (N = 9).

Endoscopic assessment

The colons of rats were examined using a fiber-
scope (1.6 mm in diameter; Tesala, AVS, Tokyo, 
Japan) on day 7. Colon injury was scored using 
an adapted endoscopic index of colitis [20]. 
The following parameters were analyzed and 
graded as 0 (absent) or 1 (present): changes in 
the vascular pattern; mucosal granularity; stric-
tures; bleeding; and ulcers (total score ranging 
therefore from 0 to 5).

Histological examination

All rats were sacrificed on day 7. The abdomens 
of rats were opened under anesthesia, and an 
endoscope was inserted from the anus. The 
main lesions were observed by the endoscope 
and marked by crystal violet (Wako Pure 
Chemical Industries). A 1.5-cm section proxi-
mal and distal to the main lesion of colon was 
removed, fixed in 40 g/L of formaldehyde sa- 
line (Wako Pure Chemical Industries), embed-
ded in paraffin, and cut into 5-µm sections. 
Tissue sections were stained with hematoxylin 
and eosin (H&E; Wako Pure Chemical Industries) 
and microscopically examined by an indepen-
dent observer. The tissues were scored in a 
blinded fashion by the independent observer, 
and colonic inflammation was assessed using 
the histopathological grading scale as 
described previously [21].

Immunohistochemical examination

Tissue sections were stained with anti-myelo-
peroxidase (MPO) antibody (dilution, 1:300; 

Figure 3. Effect of human amnion-derived mesenchy-
mal stem cell (hAMSC) transplantation in rats with 
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced 
colitis. A. Endoscopic imaging. B. Endoscopic score. 
The following parameters were analyzed and graded 
as 0 (absent) or 1 (present): changes in the vascu-
lar pattern; mucosal granularity; strictures; bleeding; 
and ulcers (total score ranging therefore from 0 to 5) 
[20]. Values are expressed as means ± SEM (N = 6-9 
animals/group). ††P < 0.01 vs. the control group. **P 
< 0.01 vs. the TNBS group.
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Thermo Scientific, Waltham, 
MA, USA), anti-rat CD68 mon- 
oclonal antibody (dilution, 
1:50; AbD Serotec, Kidlington, 
UK), and anti-rat CD3 anti-
body (dilution, 1:50; BD) for 
40 min. Ten random fields per 
section from each rat were 
photographed, and the num-
ber of MPO-, CD68-, and CD3-
positive cells in the low-pow-
ered field were counted.

RNA isolation and quantita-
tive reverse-transcription 
polymerase chain reaction 
(qRT-PCR)

Total RNAs of the rat rectum 
were extracted using the RN- 
easy Mini Kit (Qiagen, Hilden, 
Germany). 1 µg of the total 
RNA was reverse-transcribed 
into cDNA using the Quanti- 
Tect Reverse Transcription Kit 
(Qiagen). PCR amplification 
was performed using a 25-μL 
reaction mixture that con-
tained 1 μL of cDNA and 12.5 
μL of Platinum SYBR Green 
PCR Mix (Life Technologies). 
β-actin mRNA amplified from 
the same samples served as 
an internal control. After initial 
denaturation at 95°C for 2 
min, a two-step cycle proce-
dure was used (denaturation 
at 95°C for 15 s, annealing 
and extension at 60°C for 1 
min) for 40 cycles in a 7700 
Sequence Detector (Applied 
Biosystems, Foster City, CA, 
USA). Gene expression levels 
were determined using the 
comparative threshold cycle 
(ddCt) method, using β-actin 
as an internal control [22]. 
Data were analyzed using Se- 
quence Detection Systems so- 
ftware (Applied Biosystems). 

Statistical analysis

Data are expressed as mean 
± SEM. Parameters were com-
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pared between three groups by one-way ANOVA 
followed by the Newman-Keuls test. Differen- 
ces were considered statistically significant 
where P < 0.05.

Results

Characterization of hAMSCs

To evaluate the multipotency of hAMSCs, we 
induced differentiation of cultured hAMSCs into 
adipocytes and osteocytes. hAMSCs differenti-

plantation on day 7. The histological score in 
the TNBS+hAMSCs group tended to be lo- 
wer than in the TNBS group (Figure 4A). Im- 
munohistological examination demonstrated 
that the numbers of infiltrated MPO-positive 
neutrophils, CD68-positive monocytes/macro-
phages, and CD3-positive T lymphocytes were 
significantly higher in the TNBS group than in 
control animals (Figure 4B-D). hAMSC trans-
plantation significantly decreased the number 
of neutrophils and monocytes/macrophages 
(Figure 4B and 4C) and appeared to decrease 

Figure 4. Effect of human amnion-derived mesenchymal stem cell (hAMSC) 
transplantation on the histological score and infiltration of inflammatory 
cells. A. Hematoxylin and eosin (H&E) staining and histological score. B. My-
eloperoxidase (MPO) staining. C. CD68 staining. D. CD3 staining. The num-
ber of positive cells was counted in 10 sections/sample in each low-power 
field. Scale bars, 200 μm. Values are expressed as means ± SEM (N = 6-9 
animals/group). †P < 0.05, ††P < 0.01 vs. the control group. *P < 0.05, **P < 
0.01 vs. the 2,4,6-trinitrobenzene sulfonic acid (TNBS) group.

ated into adipocytes and os- 
teocytes, as demonstrated by 
oil red O and alizarin red S 
staining, respectively (Figure 
2A). Flow cytometry of cul-
tured hAMSCs demonstrated 
that these cells expressed 
CD44, CD73, CD90, and CD- 
105 but not CD11b, CD19, 
CD34, CD45, or HLA-DR, wh- 
ich is characteristic of MSCs 
(Figure 2B) [23].

Effect of hAMSC transplan-
tation on endoscopic pa-
rameters in rats with TNBS-
induced colitis

Deep ulcers, bleeding, muco-
sal granularity, and strictures 
were detected in the TNBS 
group; however, ulcers were 
shallow and the strictures 
were not observed in the 
TNBS+hAMSCs group (Figure 
3A). hAMSC transplantation 
significantly improved the en- 
doscopic score (Figure 3B).

Histological changes after 
hAMSC transplantation in 
rats with TNBS-induced colitis 

We next investigated histolo- 
gical changes after hAMSC 
transplantation. H&E staining 
demonstrated destruction of 
the ductal structures and 
large numbers of inflammato-
ry cells in the TNBS group. 
However, these changes were 
attenuated by hAMSC trans-
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CXCL1, CCL2, and IL-6, although this was not 
statistically significant.

Effect of hAMSC-CM gel enema on endoscopic 
parameters in rats with TNBS-induced colitis

We next investigated the effect of hAMSC-CM 
gel in rats with TNBS-induced colitis. Deep 
ulcers, bleeding, mucosal granularity, and stric-
tures were detected in the TNBS+SM gel group; 
however, in the TNBS+CM gel group, ulcers 
were shallow and bleeding was not detected 
(Figure 6A). An enema of hAMSC-CM gel signifi-
cantly improved the endoscopic score (Figure 
6B).

Histological changes by hAMSC-CM gel enema 
in rats with TNBS-induced colitis

H&E staining demonstrated destruction of the 
ductal structures and large numbers of inflam-

Figure 5. Effect of human amnion-derived mesenchymal stem cell (hAMSC) 
transplantation on mRNA expression of inflammatory mediators in the colon 
of rats with 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis. Quan-
titative reverse transcription-polymerase chain reaction (qRT-PCR) with tu-
mor necrosis factor (TNF)-α, chemokine (C-X-C motif) ligand (CXCL) 1, chemo-
kine (C-C motif) ligand (CCL) 2, and interleukin (IL)-6. Values are expressed 
as means ± SEM (N = 6-9 animals/group). 

the number of T cells (Figure 
4D).

Effect of hAMSC transplan-
tation on colonic mRNA 
expression levels of inflam-
matory mediators in rats with 
TNBS-induced colitis 

In the TNBS group, mRNA ex- 
pression levels of several in- 
flammatory cytokines in the 
colon were increased, includ-
ing TNF-α, chemokine (C-X-C 
motif) ligand (CXCL) 1, chemo-
kine (C-C motif) ligand (CCL) 2 
and interleukin (IL)-6 (Figure 
5). hAMSC transplantation 
also tended to decrease the 
expression levels of TNF-α, 

Figure 6. Effect of human amnion-derived mesen-
chymal stem cell conditioned medium (hAMSC-CM) 

in 2,4,6-trinitrobenzene sulfonic 
acid (TNBS)-induced colitis in 
rats. A. Endoscopic imaging. B. 
Endoscopic score. The following 
parameters were analyzed and 
graded as 0 (absent) or 1 (pres-
ent): changes in the vascular pat-
tern; mucosal granularity; stric-
tures; bleeding; and ulcers (total 
score ranging therefore from 0 to 
5) [20]. Values are expressed as 
means ± SEM (N = 6-9 animals/
group). ††P < 0.01 vs. the Control 
group, **P < 0.01 vs. the TNBS+ 
standard medium (SM) gel group. 
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matory cells in the TNBS+SM 
gel group. However, these 
changes were attenuated by 
hAMSC-CM gel enema on day 
7 (Figure 7A). The histological 
score in the TNBS+CM gel 
group tended to be lower than 
that of the TNBS+SM gel 
group. Immunohistological ex- 
amination demonstrated that 
the numbers of infiltrated ne- 
utrophils, monocytes/macro-
phages, and T lymphocytes 
were significantly higher in 
the TNBS+SM gel group. 
These elevated immune cell 
populations were significantly 
decreased following treat-
ment with an enema of hAM-
SC-CM gel (Figure 7B-D). 

Effect of hAMSC-CM gel 
enema on colonic mRNA 
expression levels of inflam-
matory mediators in rats with 
TNBS-induced colitis

In the TNBS+SM gel group, 
mRNA expression levels of 
TNF-α, CXCL1, CCL2 and IL-6 
were increased (Figure 8). An 
enema of CM gel tended to 
decrease the expression lev-
els of TNF-α, CXCL1 and 
CCL2, although this was not 
statistically significant. The 
expression level of IL-6 was 
not attenuated by enema of 
CM gel. 

Discussion

This is the first study to inves-
tigate the therapeutic poten-
tial of hAMSC transplantation 
and hAMSC-CM gel enemas 
in rats with TNBS-induced 
colitis. We found that both 
hAMSC transplantation and 
hAMSC-CM gel enema provid-
ed significant improvement in 
colitis.
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AD-MSCs in a guinea pig mo- 
del of TNBS-induced acute 
colitis [25]. Yanfen et al. re- 
ported that the Wnt and Notch 
signaling pathways were sup-
pressed by the transplanta-
tion of BM-MSCs in rats with 
TNBS-induced colitis [27].

One of the suggested mecha-
nisms of wound healing by 
MSCs is through their produc-
tion of a variety of humoral 
factors. It has been consid-
ered that humoral factors 
from MSCs could contribute 
to the improvement of colitis 
[28, 29]. Gholamrezanezhad 
et al. reported that BM-MSCs 
labeled with 111In-oxine accu-
mulated in the lungs, then 
gradually in the liver and 
spleen after intravenous ad- 
ministration [30]. We have re- 
cently demonstrated that in- 
travenously-administered hA- 
MSCs were distributed in the 
lung, but not in the damaged 
rectum in the colitis model 
[15]. Therefore, secretory fac-
tors produced from MSCs 
could contribute to the im- 
provement of colitis. Recen- 
tly, prostaglandin E2 (PGE2) 
has been receiving attention 
for being a humoral factor 
secreted from MSCs. PGE2 is 
well known as a major modu-
lator of the MSC-induced anti-
inflammatory response, and 
can repolarize pro-inflamma-
tory M1 macrophages into 

Figure 7. Effect of conditioned medium obtained from human amnion-derived 
mesenchymal stem cell culture (hAMSC-CM) on the histological score and in-
filtration of inflammatory cells. A. Hematoxylin and eosin (H&E) staining and 
histological score. B. Myeloperoxidase (MPO) staining. C. CD68 staining. D. 
CD3 staining. The number of positive cells was counted in 10 sections per 
sample in each low-power field. Scale bars, 200 µm. Values are expressed as 
means ± SEM (N = 6-9 animals/group). ††P < 0.01 vs. the control group, **P 
< 0.01 vs. the 2,4,6-trinitrobenzene sulfonic acid (TNBS) + standard medium 
(SM) gel group.

In the present study, hAMSC transplantation 
attenuated acute inflammation, decreased the 
infiltration of neutrophils, monocytes/macro-
phages, and T cells, and suppressed the 
expression levels of inflammatory mediators in 
the colons of rats. The efficacy of bone marrow-
derived MSCs (BM-MSCs), umbilical cord-
derived MSCs (UC-MSCs) and adipose-derived 
MSCs (AD-MSCs) has been recently reported in 
small animal models of CD induced by TNBS 
[24-26]. Stavely et al. demonstrated that 
BM-MSCs were more effective for the treat-
ment of enteric neuropathy and plexitis than 

anti-inflammatory M2 macrophages [31]. M2 
macrophages promote the resolution of inflam-
mation and tissue repair by releasing the immu-
noregulatory cytokine IL-10. It has been report-
ed that BM-MSCs and UC-MSCs produce PGE2 
[32, 33]. Our group has also reported that the 
concentration of PGE2 in hAMSC-CM was mark-
edly higher than in chorion MSC-CM [34]. 
Although the concentration of PGE2 in the CM 
from different sources of MSCs has not been 
compared in a single study, it is conceivable 
that hAMSCs can produce significant levels of 
PGE2.
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The present study demonstrates that treat-
ment with an enema of hAMSC-CM gel can also 
attenuate acute inflammation in rats with 
TNBS-induced colitis. Robinson et al. demon-
strated that single administration of BM-MSC-
CM enema was effective for the treatment of 
TNBS-induced colitis in guinea pigs [35]. The 
administration of BM-MSC-CM maintained the 
number of myenteric neurons in the colon, pre-
vented enteric neuropathy and alleviated colon-
ic dysfunction associated with colitis. In addi-
tion, Watanabe et al. demonstrated that three 
intraperitoneal administrations of BM-MSC-CM 
provided an improvement in rats with TNBS-
induced colitis [28]. Although the optimal route 
for administration of MSC-CM remains to be 
investigated, enemas may be a practical choice 
for administration of MSC-CM. It has been 
reported that vascular endothelial growth fac-
tor (VEGF) and CCL2 are secreted from cultured 
BM-MSCs [28]. VEGF has been shown to pro-
mote the regeneration of damaged colon [36], 

intravenous infusion, and the overall response 
rate in severe refractory acute GVHD was simi-
lar to that observed with transplantation of 
BM-MSCs.

In conclusion, transplantation of hAMSCs and 
hAMSC-CM gel enema provide significant 
improvement in colitis pathologies in rats with 
TNBS-induced colitis. Since FM is routinely dis-
carded as medical waste and can be obtained 
without invasive procedure, hAMSCs or CM 
from hAMSCs may make new therapeutic strat-
egies against inflammatory bowel disease.
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and CCL2 has been shown to 
promote re-epitheliarization 
[37]. In addition, it has been 
reported that hAMSC-CM con-
tains CCL2, VEGF, and other 
cytokines such as basic fibro-
blast growth factor (bFGF) 
and hepatocyte growth factor 
(HGF) [38, 39]. bFGF has been 
shown to enhance wound re- 
pair, and HGF might promote 
tissue regeneration and wou- 
nd-healing [40, 41]. 

Amnion is an attractive cell 
source for MSCs since a large 
quantity of hAMSCs can be 
obtained from the human 
fetal membrane (FM) without 
invasive procedure; over 106 
cells per gram of the amnion 
(1.9±0.2 × 106/g) and more 
than 109 or 1010 hAMSCs may 
be obtained at the third pas-
sage of cells, within one mo- 
nth (our unpublished data). 
Furthermore, a first-in-human 
clinical trial of FM-MSC trans-
plantation for nine patients 
with steroid-refractory acute 
GVHD has been reported [42]. 
FM-MSCs appeared safe for 



Amnion-derived MSCs and conditioned medium enema for TNBS-induced colitis

950	 Am J Transl Res 2017;9(3):940-952

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shunsuke Ohnishi, 
Department of Gastroenterology and Hepatology, 
Graduate School of Medicine, Hokkaido University, 
N15, W7, Kita-ku, Sapporo 060-8638, Japan. Tel: 
+81-11-716-1161; Fax: +81-11-706-7867; E-mail: 
sonishi@pop.med.hokudai.ac.jp

References

[1]	 Feagan BG, Vreeland MG, Larson LR and Bala 
MV. Annual cost of care for Crohn’s disease: a 
payor perspective. Am J Gastroenterol 2000; 
95: 1955-1960.

[2]	 Baumgart DC and Carding SR. Inflammatory 
bowel disease: cause and immunobiology. 
Lancet 2007; 369: 1627-1640.

[3]	 Kaplan GG. The global burden of IBD: from 
2015 to 2025. Nat Rev Gastroenterol Hepatol 
2015; 12: 720-727.

[4]	 Mowat C, Cole A, Windsor A, Ahmad T, Arnott I, 
Driscoll R, Mitton S, Orchard T, Rutter M, 
Younge L, Lees C, Ho GT, Satsangi J, Bloom S; 
IBD Section of the British Society of Gastroen-
terology. Guidelines for the management of in-
flammatory bowel disease in adults. Gut 2011; 
60: 571-607.

[5]	 Sands BE, Anderson FH, Bernstein CN, Chey 
WY, Feagan BG, Fedorak RN, Kamm MA, Ko-
rzenik JR, Lashner BA, Onken JE, Rachmilewitz 
D, Rutgeerts P, Wild G, Wolf DC, Marsters PA, 
Travers SB, Blank MA and van Deventer SJ. In-
fliximab maintenance therapy for fistulizing 
Crohn’s disease. N Engl J Med 2004; 350: 
876-885.

[6]	 Hanauer SB, Feagan BG, Lichtenstein GR, 
Mayer LF, Schreiber S, Colombel JF, Rachmile-
witz D, Wolf DC, Olson A, Bao W and Rutgeerts 
P. Maintenance infliximab for Crohn’s disease: 
the ACCENT I randomised trial. Lancet 2002; 
359: 1541-1549.

[7]	 Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, 
Talley NJ and Moayyedi P. Efficacy of biological 
therapies in inflammatory bowel disease: sys-
tematic review and meta-analysis. Am J Gas-
troenterol 2011; 106: 644-659, quiz 660.

[8]	 Gisbert JP and Panes J. Loss of response and 
requirement of infliximab dose intensification 
in Crohn’s disease: a review. Am J Gastroen-
terol 2009; 104: 760-767.

[9]	 Pittenger MF, Mackay AM, Beck SC, Jaiswal 
RK, Douglas R, Mosca JD, Moorman MA, Sim-
onetti DW, Craig S and Marshak DR. Multilin-
eage potential of adult human mesenchymal 
stem cells. Science 1999; 284: 143-147.

[10]	 Uccelli A, Moretta L and Pistoia V. Mesenchy-
mal stem cells in health and disease. Nat Rev 
Immunol 2008; 8: 726-736.

[11]	 Aggarwal S and Pittenger MF. Human mesen-
chymal stem cells modulate allogeneic im-
mune cell responses. Blood 2005; 105: 1815-
1822.

[12]	 In’t Anker PS, Scherjon SA, Kleijburg-van der 
Keur C, de Groot-Swings GM, Claas FH, Fibbe 
WE and Kanhai HH. Isolation of mesenchymal 
stem cells of fetal or maternal origin from hu-
man placenta. Stem Cells 2004; 22: 1338-
1345.

[13]	 Alviano F, Fossati V, Marchionni C, Arpinati M, 
Bonsi L, Franchina M, Lanzoni G, Cantoni S, 
Cavallini C, Bianchi F, Tazzari PL, Pasquinelli G, 
Foroni L, Ventura C, Grossi A and Bagnara GP. 
Term amniotic membrane is a high throughput 
source for multipotent mesenchymal stem 
cells with the ability to differentiate into endo-
thelial cells in vitro. BMC Dev Biol 2007; 7: 11.

[14]	 Onishi R, Ohnishi S, Higashi R, Watari M, Yama-
hara K, Okubo N, Nakagawa K, Katsurada T, 
Suda G, Natsuizaka M, Takeda H and Saka-
moto N. Human amnion-derived mesenchymal 
stem cell transplantation ameliorates dextran 
sulfate sodium-induced severe colitis in rats. 
Cell Transplant 2015; 24: 2601-2614.

[15]	 Ono M, Ohnishi S, Honda M, Ishikawa M, Ho-
sono H, Onishi R, Nakagawa K, Takeda H and 
Sakamoto N. Effects of human amnion-derived 
mesenchymal stromal cell transplantation in 
rats with radiation proctitis. Cytotherapy 2015; 
17: 1545-1559.

[16]	 Kawakubo K, Ohnishi S, Fujita H, Kuwatani M, 
Onishi R, Masamune A, Takeda H and Saka-
moto N. Effect of fetal membrane-derived mes-
enchymal stem cell transplantation in rats with 
acute and chronic pancreatitis. Pancreas 
2016; 45: 707-713.

[17]	 Kubo K, Ohnishi S, Hosono H, Fukai M, Ka-
meya A, Higashi R, Yamada T, Onishi R, Yama-
hara K, Takeda H and Sakamoto N. Human 
amnion-derived mesenchymal stem cell trans-
plantation ameliorates liver fibrosis in rats. 
Transplant Direct 2015; 1: 1-9.

[18]	 Kanai T, Watanabe M, Okazawa A, Sato T, 
Yamazaki M, Okamoto S, Ishii H, Totsuka T, 
Iiyama R, Okamoto R, Ikeda M, Kurimoto M, 
Takeda K, Akira S and Hibi T. Macrophage-de-
rived IL-18-mediated intestinal inflammation in 
the murine model of Crohn’s disease. Gastro-
enterology 2001; 121: 875-888.

[19]	 Elson CO, Sartor RB, Tennyson GS and Riddell 
RH. Experimental models of inflammatory  
bowel disease. Gastroenterology 1995; 109: 
1344-1367.

[20]	 Castelo-Branco MT, Soares ID, Lopes DV, Bu-
ongusto F, Martinusso CA, do Rosario A Jr, 

mailto:sonishi@pop.med.hokudai.ac.jp


Amnion-derived MSCs and conditioned medium enema for TNBS-induced colitis

951	 Am J Transl Res 2017;9(3):940-952

Souza SA, Gutfilen B, Fonseca LM, Elia C, Madi 
K, Schanaider A, Rossi MI and Souza HS. Intra-
peritoneal but not intravenous cryopreserved 
mesenchymal stromal cells home to the in-
flamed colon and ameliorate experimental 
colitis. PLoS One 2012; 7: e33360.

[21]	 Ameho CK, Adjei AA, Harrison EK, Takeshita K, 
Morioka T, Arakaki Y, Ito E, Suzuki I, Kulkarni 
AD, Kawajiri A and Yamamoto S. Prophylactic 
effect of dietary glutamine supplementation 
on interleukin 8 and tumour necrosis factor al-
pha production in trinitrobenzene sulphonic 
acid induced colitis. Gut 1997; 41: 487-493.

[22]	 Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time 
quantitative PCR and the 2(-Delta Delta C(T)) 
Method. Methods 2001; 25: 402-408.

[23]	 Dominici M, Le Blanc K, Mueller I, Slaper-Cor-
tenbach I, Marini F, Krause D, Deans R, Keat-
ing A, Prockop D and Horwitz E. Minimal crite-
ria for defining multipotent mesenchymal 
stromal cells. The international society for cel-
lular therapy position statement. Cytotherapy 
2006; 8: 315-317.

[24]	 Liang L, Dong C, Chen X, Fang Z, Xu J, Liu M, 
Zhang X, Gu DS, Wang D, Du W, Zhu D and Han 
ZC. Human umbilical cord mesenchymal stem 
cells ameliorate mice trinitrobenzene sulfonic 
acid (TNBS)-induced colitis. Cell Transplant 
2011; 20: 1395-1408.

[25]	 Stavely R, Robinson AM, Miller S, Boyd R, 
Sakkal S and Nurgali K. Human adult stem 
cells derived from adipose tissue and bone 
marrow attenuate enteric neuropathy in the 
guinea-pig model of acute colitis. Stem Cell 
Res Ther 2015; 6: 244.

[26]	 Xie M, Qin H, Luo Q, He X, He X, Lan P and Lian 
L. Comparison of adipose-derived and bone 
marrow mesenchymal stromal cells in a mu-
rine model of Crohn’s disease. Dig Dis Sci 
2017; 62: 115-123.

[27]	 Xing Y, Chen X, Cao Y, Huang J, Xie X and Wei Y. 
Expression of Wnt and Notch signaling path-
ways in inflammatory bowel disease treated 
with mesenchymal stem cell transplantation: 
evaluation in a rat model. Stem Cell Res Ther 
2015; 6: 101.

[28]	 Watanabe S, Arimura Y, Nagaishi K, Isshiki H, 
Onodera K, Nasuno M, Yamashita K, Idogawa 
M, Naishiro Y, Murata M, Adachi Y, Fujimiya M, 
Imai K and Shinomura Y. Conditioned mesen-
chymal stem cells produce pleiotropic gut tro-
phic factors. J Gastroenterol 2014; 49: 270-
282.

[29]	 Kim SY, Lee JH, Kim HJ, Park MK, Huh JW, Ro 
JY, Oh YM, Lee SD and Lee YS. Mesenchymal 
stem cell-conditioned media recovers lung fi-
broblasts from cigarette smoke-induced dam-
age. Am J Physiol Lung Cell Mol Physiol 2012; 
302: L891-908.

[30]	 Gholamrezanezhad A, Mirpour S, Bagheri M, 
Mohamadnejad M, Alimoghaddam K, Abdol-
ahzadeh L, Saghari M and Malekzadeh R. In 
vivo tracking of 111In-oxine labeled mesenchy-
mal stem cells following infusion in patients 
with advanced cirrhosis. Nucl Med Biol 2011; 
38: 961-967.

[31]	 Le Blanc K and Mougiakakos D. Multipotent 
mesenchymal stromal cells and the innate im-
mune system. Nat Rev Immunol 2012; 12: 
383-396.

[32]	 Nemeth K, Leelahavanichkul A, Yuen PS, May-
er B, Parmelee A, Doi K, Robey PG, Leelaha-
vanichkul K, Koller BH, Brown JM, Hu X, Jelinek 
I, Star RA and Mezey E. Bone marrow stromal 
cells attenuate sepsis via prostaglandin E(2)-
dependent reprogramming of host macro-
phages to increase their interleukin-10 pro-
duction. Nat Med 2009; 15: 42-49.

[33]	 Ji YR, Yang ZX, Han ZB, Meng L, Liang L, Feng 
XM, Yang SG, Chi Y, Chen DD, Wang YW and 
Han ZC. Mesenchymal stem cells support pro-
liferation and terminal differentiation of B 
cells. Cell Physiol Biochem 2012; 30: 1526-
1537.

[34]	 Yamahara K, Harada K, Ohshima M, Ishikane 
S, Ohnishi S, Tsuda H, Otani K, Taguchi A, 
Soma T, Ogawa H, Katsuragi S, Yoshimatsu J, 
Harada-Shiba M, Kangawa K and Ikeda T. 
Comparison of angiogenic, cytoprotective, and 
immunosuppressive properties of human am-
nion- and chorion-derived mesenchymal stem 
cells. PLoS One 2014; 9: e88319.

[35]	 Robinson AM, Sakkal S, Park A, Jovanovska V, 
Payne N, Carbone SE, Miller S, Bornstein JC, 
Bernard C, Boyd R and Nurgali K. Mesenchy-
mal stem cells and conditioned medium avert 
enteric neuropathy and colon dysfunction in 
guinea pig TNBS-induced colitis. Am J Physiol 
Gastrointest Liver Physiol 2014; 307: G1115-
1129.

[36]	 Ando Y, Inaba M, Sakaguchi Y, Tsuda M, Quan 
GK, Omae M, Okazaki K and Ikehara S. Subcu-
taneous adipose tissue-derived stem cells  
facilitate colonic mucosal recovery from 
2,4,6-trinitrobenzene sulfonic acid (TNBS)-in-
duced colitis in rats. Inflamm Bowel Dis 2008; 
14: 826-838.

[37]	 Low QE, Drugea IA, Duffner LA, Quinn DG, Cook 
DN, Rollins BJ, Kovacs EJ and DiPietro LA. 
Wound healing in MIP-1alpha(-/-) and MCP-1(-
/-) mice. Am J Pathol 2001; 159: 457-463.

[38]	 Danieli P, Malpasso G, Ciuffreda MC, Cervio E, 
Calvillo L, Copes F, Pisano F, Mura M, Kleijn L, 
de Boer RA, Viarengo G, Rosti V, Spinillo A, Roc-
cio M and Gnecchi M. Conditioned medium 
from human amniotic mesenchymal stromal 
cells limits infarct size and enhances angio-
genesis. Stem Cells Transl Med 2015; 4: 448-
458.



Amnion-derived MSCs and conditioned medium enema for TNBS-induced colitis

952	 Am J Transl Res 2017;9(3):940-952

[39]	 Kim HG and Choi OH. Neovascularization in a 
mouse model via stem cells derived from hu-
man fetal amniotic membranes. Heart Vessels 
2011; 26: 196-205.

[40]	 Zarnegar R and Michalopoulos GK. The many 
faces of hepatocyte growth factor: from hepa-
topoiesis to hematopoiesis. J Cell Biol 1995; 
129: 1177-1180.

[41]	 Matsuura M, Okazaki K, Nishio A, Nakase H, 
Tamaki H, Uchida K, Nishi T, Asada M, Kawa-
saki K, Fukui T, Yoshizawa H, Ohashi S, Inoue 
S, Kawanami C, Hiai H, Tabata Y and Chiba T. 
Therapeutic effects of rectal administration of 
basic fibroblast growth factor on experimental 
murine colitis. Gastroenterology 2005; 128: 
975-986.

[42]	 Ringden O, Erkers T, Nava S, Uzunel M, Iwars-
son E, Conrad R, Westgren M, Mattsson J and 
Kaipe H. Fetal membrane cells for treatment 
of steroid-refractory acute graft-versus-host 
disease. Stem Cells 2013; 31: 592-601.


