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Mesenchymal stem cells (MSCs) are a valuable cell source in regenerative medicine. Recently, several studies 
have shown that MSCs can be easily isolated from human amnion. In this study, we investigated the thera-
peutic effect of human amnion-derived MSCs (AMSCs) in rats with severe colitis. Colitis was induced by 
the administration of 8% dextran sulfate sodium (DSS) from day 0 to day 5, and AMSCs (1 × 106 cells) were 
transplanted intravenously on day 1. Rats were sacrificed on day 5, and the colon length and histological coli-
tis score were evaluated. The extent of inflammation was evaluated using quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) and immunohistochemistry. The effect of AMSCs on the inflammatory 
signals was investigated in vitro. AMSC transplantation significantly ameliorated the disease activity index 
score, weight loss, colon shortening, and the histological colitis score. mRNA expression levels of proinflam-
matory cytokines such as tumor necrosis factor (TNF)-a, interleukin (IL)-1b, and migration inhibitory factor 
(MIF) were significantly decreased in the rectums of AMSC-treated rats. In addition, the infiltration of mono-
cytes/macrophages was significantly decreased in AMSC-treated rats. In vitro experiments demonstrated that 
activation of proinflammatory signals induced by TNF-a or lipopolysaccharide (LPS) in immortalized murine 
macrophage cells (RAW264.7) was significantly attenuated by coculturing with AMSCs or by culturing with 
a conditioned medium obtained from AMSCs. Although the phosphorylation of IkB induced by TNF-a or 
LPS was not inhibited by the conditioned medium, nuclear translocation of NF-kB was significantly inhibited 
by the conditioned medium. Taken together, AMSC transplantation provided significant improvement in rats 
with severe colitis, possibly through the inhibition of monocyte/macrophage activity and through inhibition of 
NF-kB activation. AMSCs could be considered as a new cell source for the treatment of severe colitis.
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INTRODUCTION

Inflammatory bowel diseases (IBDs) are increasing 
worldwide; Crohn’s disease and ulcerative colitis are two 
main types of IBD (4,5,25). IBD is generally treated with 
immunosuppressive drugs, such as prednisone, tumor 
necrosis factor (TNF) inhibitors, azathioprine, methotrex-
ate, or mercaptopurine, depending on the level of sever-
ity (24). However, severe and complex cases may require 
surgery, including bowel resection and ileostomy (24).

Mesenchymal stem cells (MSCs) are multipotent cells 
that can differentiate into a variety of lineages, including 
bone, cartilage, or fat, and are present in adult tissue (27). 
At present, MSCs have been investigated in regenerative 

medicine because of their differentiation ability and their 
potential to improve damaged tissues by the secretion of 
a variety of growth factors and anti-inflammatory mol-
ecules (21,35). The efficacy of autologous and alloge-
neic MSC transplantation in patients with IBD has been 
recently reported (11,20).

The fetal membrane consists of amnion and chorion, 
which envelops the developing fetus. Although human 
fetal membrane is usually discarded as medical waste after 
delivery, fetal tissues have been found to be rich sources of 
MSCs (2,16). Systemic administration of amnion-derived 
MSCs (AMSCs) improved rats with hindlimb ischemia 
(17), myocarditis (18,26), glomerulonephritis (33), and 
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ischemia/reperfusion-induced acute kidney injury (34) by 
inducing angiogenesis and anti-inflammatory effects.

In this study, we investigated whether the administra-
tion of human AMSCs improves dextran sulfate sodium 
(DSS)-induced severe colitis in rats and explored its 
underlying mechanisms.

MATERIALS AND METHODS

Animals

The experimental protocol was approved by the Animal 
Care and Use Committees of Hokkaido University. Eight-
week-old male Sprague–Dawley rats were procured from 
Japan SLC (Hamamatsu, Japan); one rat was housed per 
cage in a temperature-controlled room (24°C) on a 12 h/ 
12 h light/dark cycle. All rats had ad libitum access to 
standard pellets.

Induction and General Assessment of Severe Colitis

Severe colitis was induced by the oral administration 
of 8% DSS (M.W. = 36,000–50,000; MP Biomedicals, 
Solon, OH, USA) through drinking water from day 0 to 
day 5 (Fig. 1). In the control group, rats were allowed ad 
libitum access to water. To assess the extent of colitis, 
the body weight, stool consistency, and blood in the stool 
were monitored daily. The disease activity index (DAI) 
was used according to a previously published scoring 
system (8).

Isolation and Expansion of Human AMSCs

The Medical Ethical Committee of Tenshi Hospital, 
Sapporo, Japan, and Hokkaido University Graduate 
School of Medicine, Sapporo, Japan, approved this 
examination, and all pregnant women gave written 
informed consent. The human fetal membrane (5 cm × 5 
cm) was obtained during cesarean deliveries, and the 
amnion was manually peeled from the chorion. AMSCs 
were isolated and expanded by digestion with collage-
nase type III (Worthington Biochemical Corporation, 
Lakewood, NJ, USA), followed by seeding in uncoated 
plastic dishes with minimal essential medium (MEM) a 
(Life Technologies, Carlsbad, CA, USA) supplemented 

with 10% fetal bovine serum (FBS; Life Technologies), 
100 U/ml of penicillin, and 100 mg/ml of streptomycin 
(Wako Pure Chemical Industries, Osaka, Japan). The cul-
ture was maintained at 37°C in a humidified atmosphere 
of 95% air and 5% CO

2
. After 3–4 days in culture, the 

nonadherent cells were removed, and the adherent cells 
were maintained in culture until they reached 80% con-
fluence. The passage was performed using 0.5% trypsin–
ethylenediaminetetraacetic acid (Life Technologies), and 
seeded at a density of 6.8 × 103 cells/cm2.

Differentiation of Human AMSCs Into Adipocytes 
and Osteocytes

Human AMSCs were seeded onto six-well plates 
(Corning, New York, NY, USA), and differentiation 
into adipocytes and osteocytes was induced when the 
MSCs were 80–90% confluent. To induce differentia-
tion into adipocytes, AMSCs from passage 5 were cul-
tured with hMSC Mesenchymal Stem Cell Adipogenic 
Differentiation Medium (Lonza, Basel, Switzerland), 
according to the manufacturer’s instructions. After 3 weeks 
of differentiation, cells were stained with Oil red O 
(Sigma-Aldrich, St. Louis, MO, USA). To induce differ-
entiation into osteocytes, AMSCs from passage 5 were 
cultured in hMSC Mesenchymal Stem Cell Osteogenic 
Differentiation Medium (Lonza), according to the manu-
facturer’s instructions. After 2 weeks of differentiation, 
cells were stained with Alizarin red S (Sigma-Aldrich).

Flow Cytometry

Cultured human AMSCs were stained using the 
Human MSC Analysis Kit (BD, Franklin Lakes, NJ, 
USA), which included the fluorescein isothiocyanate-
conjugated antibody against CD90 (dilution, 1:20), 
phycoerythrin-conjugated antibody against CD44 (dilu-
tion, 1:20), PerCP-Cy5.5-conjugated antibody against 
CD105 (dilution, 1:20), and allophycocyanin-conjugated 
antibody against CD73 (dilution, 1:20) as well as a nega-
tive cocktail (dilution, 1:5; phycoerythrin-conjugated 
CD11b, CD19, CD34, CD45, and HLA-DR), according 
to the manufacturer’s instructions. Cells were analyzed 
by a flow cytometer (FACSCanto II; BD).

Human AMSC Transplantation

One million AMSCs from passage 5 were suspended 
in 200 μl of phosphate-buffered saline (PBS; Life 
Technologies) and intravenously transplanted through the 
penile vein on day 1 (N = 8); 200 μl PBS was injected in 
the control and DSS groups.

Histological Examination

All rats were sacrificed on day 5. The entire colon from 
the cecum to the anus was removed, and its length was 
measured. The removed distal colon was longitudinally 

Figure 1. Experimental protocol for DSS-colitis model. Rats 
received 8% DSS through drinking water from day 0 to day 5. 
AMSCs (1 × 106 cells) were infused intravenously on day 1. All 
rats were sacrificed on day 5.
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opened, rinsed with PBS, and excised for histological 
examination. Specimens were fixed in 40 g/L of formal-
dehyde saline (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 independent observer. The tissues were scored in a 
blinded fashion by an examiner, on a 0- to 40-point scale 
based on the parameters of inflammation severity (0–3), 
inflammation extent (0–3), and crypt damage (0–4). Each 
of these parameters were multiplied by the percentage 
involvement (1 = 0–25%; 2 = 25–50%; 3 = 50–75%, and 
4 = 75–100%), as described previously (30,31,36).

Immunohistochemical Examination

To assess the infiltration of monocytes/macrophages, 
neutrophils, and T lymphocytes, the tissue sections were 
stained with anti-rat CD68 monoclonal antibody (dilu-
tion, 1:50; AbD Serotec, Kidlington, UK), anti-rat CD163 
monoclonal antibody (dilution, 1:150; AbD Serotec), 
anti-myeloperoxidase antibody (dilution, 1:300; Thermo 
Scientific, Waltham, MA, USA), and anti-rat CD3 anti-
body (dilution, 1:50; BD), respectively, for 40 min. Ten 
random fields on a section from each rat were photo-
graphed, and the number of CD68-, CD163-, myeloper-
oxidase (MPO)- and CD3-positive cells per low-powered 
field were counted, respectively.

RNA Isolation and Quantitative Reverse-Transcription 
Polymerase Chain Reaction (qRT-PCR)

Total RNA of the rat rectum or cultured cells was 
extracted using the RNeasy Mini Kit (Qiagen, Hilden, 
Germany); 1 μg of the total RNA was reverse-transcribed 
into cDNA using the QuantiTect Reverse Transcription 
Kit (Qiagen). PCR amplification was performed using a 
25-μl reaction mixture that contained 1 μl of cDNA and 
12.5 μl of Platinum SYBR Green PCR Mix (Invitrogen, 
Carlsbad, CA, USA). b-Actin mRNA that was ampli-
fied from the same samples served as an internal control. 
After initial denaturation at 95°C for 2 min, a two-step 
cycle procedure 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 deter-
mined using the comparative threshold cycle (DDCt) 
method with b-actin as an endogenous control. Data 
were analyzed with Sequence Detection Systems soft-
ware (Applied Biosystems). All primers were purchased 
from Qiagen (QuantiTect Primer Assays, b-actin; Rn_
Actb_1_SG, TNF-a; Rn_Tnf_1_SG, IL-1b; Rn_Ilb_1_
SG, MIF; Rn_Mif_1_SG, IL-6; Rn_Il-6_1_SG, MCP-1; 
Rn_Ccl2_1_SG, CXCL-1; Rn_Cxcl1_1_SG, CXCL-2; 
Rn_Cxcl2_1_SG, IFN-g; Rn_Ifn-g_SG) and bioinformati-
cally validated.

Measurement of Rat Serum Monocyte Chemoattractant 
Protein-1 (MCP-1)

Rat serum MCP-1 concentration was measured using 
the Quantikine ELISA Kit (R&D Systems, Minneapolis, 
MN, USA), following the manufacturer’s instructions.

Inflammatory Reaction After Treatment With 
Lipopolysaccharide (LPS)

RAW264.7 cells (immortalized murine macrophage 
cells obtained from American Type Tissue Collection, 
Manassas, VA, USA) and AMSCs were cultured in a 
humidified chamber at 37°C in a mixture of 95% air and 
5% CO

2
. A conditioned medium was collected by cultur-

ing subconfluent AMSCs with serum-free MEMa for 
48 h. RAW264.7 cells were stimulated with 100 ng/ml 
of LPS (Sigma-Aldrich) for 24 h under coincubation with 
AMSCs (1:10 or 1:5 AMSCs to RAW264.7 cells) or were 
cultured with the conditioned medium without dilution. 
Subsequently, total RNA and culture supernatant were 
collected. Expression levels and production of TNF-a 
and MCP-1 were measured by qPT-PCR (QuantiTect 
Primer Assays; Qiagen) and the enzyme-linked immuno-
sorbent assay (ELISA), respectively. mRNA expression 
levels were expressed relative to controls. TNF-a and 
MCP-1 concentrations in the culture media were mea-
sured using the Quantikine ELISA Kit (R&D Systems), 
following the manufacturer’s instructions.

Immunofluorescent Staining

To investigate the nuclear translocation of NF-kB, 
RAW264.7 cells were seeded in a type I collagen-coated 
eight-chamber slide (BD), at a density of 1 × 104 cells/
chamber. The next day, the culture medium was changed 
to conditioned medium for 3 h and stimulated with 20 ng/ 
ml of LPS for 60 min. Cells were fixed with 4% para-
formaldehyde (Wako Pure Chemical Industries) at 4°C 
for 30 min and permeabilized with 0.2% Triton X-100 
(MP Biomedicals). After background inhibition with 
3% bovine serum albumin (Sigma-Aldrich), cells were 
labeled with anti-NF-kB polyclonal antibody (1:100; 
Cell Signaling Technology, Danvers, MA, USA) at 4°C 
for 60 min. After washing with PBS, the cells were 
stained with Alexa Fluor® 488-conjugated goat anti-
rabbit IgG (1:2,000; Invitrogen) at room temperature 
for 60 min, followed by staining with 4¢6¢-diamidino-
2-phenylindole (DAPI; 1:2,000; Dojindo Laboratories, 
Kumamoto, Japan). Fluorescence images were obtained 
using a fluorescent microscope (BZ-9000; Keyence, 
Osaka, Japan).

Western Blot Analysis

To investigate the phosphorylation of IkB, human 
embryonic kidney cells (HEK293, provided by the 
RIKEN BRC through the National Bio-Resource Project 
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of the MEXT, Japan) or their derivatives, which were 
stably transfected with the human TLR4a, MD2, and 
CD14 genes (293/hTLR4A-MD2-CD14; InvivoGen, 
San Diego, CA, USA), were plated at a density of 
1 × 105 cells in 12-well plates (Corning) and cultured 
with complete medium. The next day, culture medium 
was changed to the conditioned medium, and cells were 
incubated for 3 h, then cells were treated with 10 ng/ml 
of mouse recombinant TNF-a (R&D Systems) or 10 ng/ ml 
of LPS for up to 60 min, and washed with ice-cold Tris-
buffered saline (TBS; Wako Pure Chemical Industries) 
(−) and lysed in 1× SDS sample buffer (Wako Pure 
Chemical Industries) containing 2% 2-mercaptoeth-
anol (Wako Pure Chemical Industries). The samples 
were heated at 95°C for 5 min and then subjected to 
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE; Bio-Rad Laboratories, Hercules, 
CA, USA). The separated proteins were transferred to 
Immobilon-P polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Bedford, MA, USA), which were 
subsequently incubated in TBS with 0.05% Tween 20 
(TBST; Wako Pure Chemical Industries) comprising 5% 
dried nonfat milk (Wako Pure Chemical Industries) at 
room temperature for 30 min. Membranes were probed 
with primary antibodies for phospho-IkB (1:2,000; Cell 
Signaling Technology), IkB (1:2,000; Cell Signaling 
Technology), and bound antibodies were detected with per-
oxidase-labeled rabbit or mouse antibodies (1:10,000; 
Jackson ImmunoResearch Laboratories, West Grove, PA, 
USA) and visualized using Immobilon Western horse-
radish peroxidase (HRP) substrate detection reagents 
(Millipore).

Transient Transfection and Reporter Gene Assay

HEK293 or 293/hTLR4A-MD2-CD14 cells were 
plated at a density of 5 × 104 cells in 24-well plates 
(Corning) containing 500 μl of culture medium. After 
incubation for 24 h at 37°C, cells were transfected with 
10 ng of luciferase plasmid DNA with 10 ng of Renilla 
pGL4.75(hRluc/CMV) vector (Promega, Madison, WI, 
USA) as an internal control and 200 ng of plasmid DNA 
containing five copies of an NF-kB response element that 
drove the transcription of the luciferase reporter gene luc2P 
[pGL4.32(luc2P/NF-kBRE/Hygro), Promega], using 
Lipofectamine® LTX (Invitrogen). After 24 h of incuba-
tion at 37°C, cells were treated with 10 ng/ml of mouse 
recombinant TNF-a or 10 ng/ml of LPS for 6 h; reporter 
gene assay was performed using the Dual Luciferase® 
Reporter Assay System (Promega). Luminescence inten-
sity was measured using a GloMax®-Multi Detection 
System (Promega) according to manufacturer’s instruc-
tions. Transcription activity was normalized according to 
the Renilla luciferase activity. These experiments were 
performed in triplicate.

Statistical Analysis

Data were expressed as mean ± SEM. Parameters among 
the groups were compared by one-way ANOVA, followed 
by Tukey’s test. Comparisons of the time course of the 
body weight and DAI were made by two-way ANOVA for 
repeated measures, followed by Tukey’s test. These differ-
ences were considered significant at p < 0.05.

RESULTS

Characterization of Human AMSCs

To evaluate the multipotency of human AMSCs, we 
induced differentiation of cultured AMSCs into adipo-
cytes and osteocytes. AMSCs differentiated into adipo-
cytes and osteocytes, as demonstrated by Oil red O and 
Alizarin red S staining, respectively (Fig. 2A). Flow 
cytometry of cultured AMSCs demonstrated that they 
expressed CD44, CD73, CD90, and CD105, but not 
CD34, CD11b, CD19, CD45, and HLA-DR, which is 
characteristic of MSCs (Fig. 2B) (10).

Effect of AMSC Transplantation on Body Weight, DAI, 
and Colon Length in DSS-Induced Severe Colitis

In the DSS group, the body weight gradually 
decreased on day 3 onward; however, the decrease in 
body weight was suppressed and significantly attenuated 
in the DSS + AMSC group on days 4 and 5 (Fig. 3A). 
DAI gradually increased in the DSS group, whereas it 
was significantly ameliorated on days 4 and 5 by AMSC 
transplantation (Fig. 3B). On day 5, colon length was 
significantly shortened by 8% DSS; however, the length 
was significantly improved by AMSC transplantation 
(Fig. 3C). These findings were consistent across AMSCs 
obtained from three different donors (data not shown).

Effect of AMSC Transplantation on Colonic mRNA 
Expression Levels of Inflammatory Mediators in 
the Rectum

In the DSS group, mRNA expression levels of inflam-
matory mediators such as TNF-a, IL-1b, chemokine 
(C-X-C motif) ligand (CXCL)1, and CXCL2 were 
significantly increased (Fig. 4A–D). AMSC trans-
plantation significantly decreased expression levels of 
TNF-a, IL-1b, and macrophage migration inhibitory 
factor (MIF) (Fig. 4A, B, and E). Although not sig-
nificantly, AMSC transplantation tended to decrease 
expression levels of CXCL1, CXCL2, and IFN-g (Fig. 
4C, D, and F).

Histological Changes by AMSC Transplantation in 
8% DSS-Treated Rats

Histological changes in the DSS group included 
severe transmural inflammation, loss of crypts, and infil-
tration of inflammatory cells (Fig. 5A). These findings 
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Figure 2. Characterization of cultured human amnion-derived mesenchymal stem cells (AMSCs). (A) Multipotency of AMSCs. 
Differentiation into adipocytes was confirmed by the existence of lipid vesicles stained with Oil red O (left). Differentiation into osteo-
cytes was confirmed by the existence of mineral nodule deposition stained with Alizarin red S (right). Scale bars: 50 mm. (B) Flow 
cytometry of AMSCs. 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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were ameliorated by AMSC transplantation. The histo-
logical score in the DSS + AMSC group was significantly 
lower than that in the DSS group. Immunohistological 
examination demonstrated that the number of infil-
trated CD68-positive M1 monocytes/macrophages, 
CD163-positive M2 monocytes/macrophages, MPO-
positive neutrophils, and CD3-positive T lymphocytes 

was significantly higher in the DSS group (Fig. 5B–E). 
AMSC transplantation significantly decreased the num-
ber of CD68-positive cells and CD163-positive cells 
(Fig. 5B, C) and tended to decrease the number of MPO-
positive cells (Fig. 5D); however, the number of infil-
trated CD3-positive cells was not attenuated by AMSC 
transplantation (Fig. 5E).

Figure 3. Effect of human amnion-derived mesenchymal stem cell (AMSC) transplantation in dextran sulfate sodium (DSS)-induced severe 
colitis in rats. Body weight (A) and disease activity index (B) were examined daily. Colon length (C) was examined on day 5. The values were 
the mean ± SEM of six or eight animals/group. **p < 0.01 versus the DSS group; †p < 0.05, ††p < 0.01 versus the control group.
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Figure 4. Effect of human amnion-derived mesenchymal stem cell (AMSC) transplantation on mRNA expression of inflammatory 
mediators in the rectum of rats with dextran sulfate sodium (DSS)-induced severe colitis. Relative expression levels of (A) tumor 
necrosis factor (TNF)-a, (B) interleukin (IL)-1b, (C) chemokine (C-X-C motif) ligand (CXCL)1, (D) CXCL2, (E) macrophage migra-
tion inhibitory factor (MIF), (F) interferon (IFN)-g, (G) IL-6, and (H) monocyte chemoattractant protein (MCP)-1 were measured by 
quantitative reverse transcription-polymerase chain reaction (qRT-PCR). The values were the mean ± SEM of six or eight animals/
group. *p < 0.05 versus the DSS group; †p < 0.05, ††p < 0.01 versus the control group.
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Effect of AMSC Transplantation on Serum 
Levels of MCP-1

Serum levels of MCP-1 markedly increased in the 
DSS group and significantly decreased by AMSC trans-
plantation (Fig. 6).

Effect of AMSC Coculture and the Conditioned 
Medium on Inflammatory Reaction in 
LPS-Stimulated Macrophages

Because AMSC transplantation significantly decreased 
the infiltration of macrophages, we examined the effects of 
coculture of AMSCs and the conditioned medium on the 
inflammatory reactions in the RAW264.7 macrophages. 
Treatment with LPS markedly upregulated expression lev-
els and secretion of TNF-a and MCP-1 (Fig. 7); AMSC 
coculture and the conditioned medium significantly 
decreased expression levels of TNF-a and MCP-1 (Fig. 
7A, B, E, and F). Coculture with AMSCs significantly 
decreased the secretion of TNF-a (Fig. 7C) and tended to 
decrease the secretion of MCP-1 (Fig. 7D).

Effect of Coculture With AMSCs or the Conditioned 
Medium on the Activation of NF-kB

We next examined whether AMSC coculture or the 
conditioned medium inhibited NF-kB activation by over-
expression of TNF-a or LPS, using HEK 293 or 293/
hTLR4A-MD2-CD14 cells. NF-kB activation by TNF-a 
was markedly inhibited by AMSC coculture and the con-
ditioned medium (Fig. 8A). NF-kB activation by LPS in 
293/hTLR4A-MD2-CD14 cells was significantly sup-
pressed by the conditioned medium, but not by AMSC 
coculture (Fig. 8B). Nuclear translocation of NF-kB 
by LPS was significantly inhibited by the conditioned 
medium (Fig. 8C). However, Western blotting analysis 
demonstrated that the phosphorylation of IkB induced 
by TNF-a or LPS was not inhibited by the conditioned 
medium (Fig. 8D, E, respectively).

DISCUSSION

In this study, we investigated the therapeutic poten-
tial of human AMSC transplantation in rats with severe 
colitis. We found that (1) AMSC transplantation ame-
liorated body weight loss, DAI, and colon length; (2) 
AMSC transplantation improved histological findings 
and expression of proinflammatory factors; (3) AMSC 
coculture and the conditioned medium downregulated 

the inflammatory response in cultured macrophages; and 
(4) AMSC-conditioned medium suppressed the nuclear 
translocation of NF-kB.

The therapeutic effect of MSCs derived from bone 
marrow or adipose tissue has been recently reported in a 
DSS-induced colitis model (12–15,32). Each experimental 
protocol differed in terms of the quantity and duration of 
DSS administration, the source and the number of MSCs 
transplanted, and the evaluation date and end points; 
however, use of AMSCs in a colitis model has not been 
reported. In the present study, AMSCs had similar charac-
teristics with bone marrow or adipose tissue-derived MSCs 
in terms of differentiation potential and surface marker 
expressions (19). In addition, we have recently reported 
the immunosuppressive property of AMSCs and bone 
marrow-derived MSCs. Although the number of T cells 
was markedly increased under stimulation with antibodies, 
the increase was significantly suppressed when cocultured 
both with AMSCs and bone marrow-derived MSCs (37).

In addition, we administered highly concentrated DSS 
to induce a more severe colitis condition. Because histolog-
ical examinations were conducted on day 5, macrophages 
and neutrophils were the inflammatory cells that had pri-
marily infiltrated the colon. In this model, the infiltration of 

Figure 6. Effect of human amnion-derived mesenchymal 
stem cell (AMSC) transplantation on serum levels of mono-
cyte chemoattractant protein (MCP)-1 in rats. Serum levels of 
MCP-1 were determined by an enzyme-linked immunosorbent 
assay in rat serum samples isolated on day 5. The values were 
the mean ± SEM of six or eight animals/group. **p < 0.01 versus 
the DSS group; ††p < 0.01 versus the control group.

FACING PAGE
Figure 5. Effect of human amnion-derived mesenchymal stem cell (AMSC) transplantation on the histological score and infiltration 
of inflammatory cells. Paraffin sections were stained with hematoxylin and eosin, and colonic samples were obtained on day 5 and 
scored (A). Representative sections showing CD68-positive monocyte/macrophages (B), CD163-positive monocyte/macrophages (C), 
myeloperoxidase (MPO)-positive neutrophils (D), and CD3-positive T lymphocytes (E) in the colon. The number of positive cells 
was counted in 10 sections per sample in each low-power field. Scale bars: 100 mm. The values were the mean ± SEM of six or eight 
animals/group. *p < 0.05, **p < 0.01 versus the DSS group; ††p < 0.01 versus the control group.
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Figure 7. Effect of human amnion-derived mesenchymal stem cell (AMSC) coculture and culture with the conditioned medium 
obtained from AMSCs on expression levels of tumor necrosis factor (TNF)-a and MCP-1 in RAW264.7 macrophage cells. AMSCs 
(A–D) or the conditioned medium (E, F) were added to RAW264.7 cells with 100 ng/ml lipopolysaccharide (LPS). Total RNA and cul-
ture supernatant were obtained 24 h after LPS administration. Relative expressions of TNF-a and monocyte chemoattractant protein 
(MCP)-1 were measured by a quantitative reverse transcription-polymerase chain reaction (qRT-PCR) (A, B, E, F). The concentrations 
of TNF-a and MCP-1 were assayed using enzyme-linked immunosorbent assays (C, D). The values were the mean ± SEM (n = 5). 
*p < 0.05, **p < 0.01 versus LPS; ††p < 0.01 versus the control.
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macrophages, but not T cells, was significantly attenuated 
by AMSC transplantation; the infiltration of neutrophils 
tended to diminish by AMSC transplantation.

In the present study, AMSC transplantation sup-
pressed inflammatory mediators such as TNF-a, IL-1b, 
and MIF in the rectum of rats and decreased serum 
levels of MCP-1. Furthermore, MIF and MCP-1 are 
well known as macrophage-driven cytokines (9,29). 

Moreover, adipose tissue-derived MSCs promote the 
conversion of macrophages to a unique regulatory phe-
notype through the production of soluble factors such 
as IL-10, and the adipose tissue-derived MSC-induced 
regulatory macrophages demonstrate effects on T cells 
and macrophages (3). In addition, MSCs have been 
reported to promote wound healing by recruiting mono-
cytes and macrophages and by inducing regulatory M2 

Figure 8. Effect of coculture with human amnion-derived mesenchymal stem cells (AMSCs) and culture with the conditioned medium 
obtained from AMSCs on NF-kB activation. (A) HEK293 cells were transfected with plasmid DNA that contained five copies of an 
NF-kB response element that drove the transcription of the luciferase reporter gene and treated with 10 ng/ml of tumor necrosis factor 
(TNF)-a together with AMSC coculture or the conditioned medium for 6 h. The values are the mean ± SEM (n = 3). **p < 0.01 versus 
TNF-a; ††p < 0.01 versus the control. (B) HEK293 cells that stably overexpressed toll-like receptor (TLR) 4 (293/hTLR4A-MD2-CD14) 
were transfected with plasmid DNA containing five copies of an NF-kB response element that drove the transcription of the luciferase 
reporter gene and treated with 10 ng/ml of lipopolysaccharide (LPS) together with AMSC coculture or the conditioned medium for 6 h. 
The values are the mean ± SEM (n = 3). **p < 0.01 versus LPS; ††p < 0.01 versus the control. (C) Nuclear translocation of NF-kB was 
visualized by immunofluorescent staining of RAW264.7 cells treated with 20 ng/ ml of LPS for 60 min (green). Nucleuses were stained 
with 4¢6¢-diamidino-2-phenylindole (DAPI, blue). The % nuclear NF-kB-positive cells (arrows) was counted. Scale bars: 20 mm. The 
values were the mean ± SEM of five fields/group. *p < 0.05, **p < 0.01 versus LPS; ††p < 0.01 versus the control. (D) HEK293 cells were 
treated with 10 ng/ml of TNF-a together with the conditioned medium for 60 min. Western blotting analysis was performed to investigate 
the phosphorylation of IkB. (E) 293/hTLR4A-MD2-CD14 was treated with 10 ng/ml of LPS together with the conditioned medium for 
60 min. Western blotting analysis was performed to investigate the phosphorylation of IkB.
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macrophages through the action of several enzymes 
such as prostaglandin E2 (PGE2) and COX-2 that were 
produced by MSCs (19). PGE2 is a well-known immune 
modulator in bone marrow MSCs (1), and our group has 
recently reported that amnion MSCs, but not chorion-
derived MSCs, secrete a significant amount of PGE2, 
particularly when cocultured with human CD4+ T cells 
(37). M2 macrophages promote the resolution of inflam-
mation and tissue repair by releasing IL-10, secreting 
trophic factors, and enhancing apoptotic cell clearance 
(23). However, in the present study, immunohistological 
staining with CD68 and CD163 showed that the infil-
tration of both M1 and M2 macrophages was inhibited 
by AMSC transplantation. Therefore, it appeared that 
AMSCs did not induce the repolarization of M1 mac-
rophages to M2 macrophages.

Our in vitro study demonstrated that AMSC cocul-
ture and the conditioned medium significantly decreased 
expression levels of TNF-a and MCP-1 from RAW264.7 
cells. The production of inflammatory molecules in LPS-
activated RAW264.7 cells was significantly suppressed 
by coincubation with human placental multipotent mes-
enchymal stromal cells (hPMSCs) (6). Those findings 
showed that the anti-inflammatory effect of hPMSCs was 
mediated, at least in part, by PGE2 via a myeloid differen-
tiation primary response gene 88-dependent pathway. In 
the present study, the conditioned medium inhibited the 
transcriptional activation of NF-kB by TNF-a. Because 
IkB phosphorylation by TNF-a or LPS was not inhibited, 
the conditioned medium may have suppressed the inflam-
matory signal of NF-kB at the step of nuclear transloca-
tion. Further studies are required to clarify the underlying 
mechanism.

Recently, several studies related to cell therapy using 
human MSCs in IBD have been reported. Administration 
of autologous bone marrow-derived MSCs has been 
reported to be safe and feasible in the treatment of refrac-
tory luminal Crohn’s disease (11). The authors showed 
that MSC transplantation contributed to amelioration of 
clinical symptoms and endoscopic findings without any 
critical side effects. In addition, local injection of autolo-
gous bone marrow-derived MSCs has been reported to 
be feasible, safe, and successful in treating Crohn’s dis-
ease with fistuling (7). Moreover, allogeneic transplan-
tation of MSCs, obtained from bone marrow of healthy 
donors, and umbilical cords, obtained at normal deliver-
ies, was safe and may contribute to clinical improvement 
in patients with refractory Crohn’s disease and ulcerative 
colitis (20). Other clinical trials using human MSCs as a 
cell-based therapy in IBD are being conducted in several 
countries (http://www.clinicaltrials.gov).

Recent reports have suggested a similar efficacy for 
AMSCs in several other diseases. It has been demonstrated 
that intravenous infusion of human AMSCs ameliorates 

inflammation and fibrosis in the lung induced by bleo-
mycin in mice (22). In addition, human AMSCs have 
been reported to have the potential to reduce liver fibrosis 
induced by carbon tetrachloride administration in mice 
(38). Furthermore, very recently, a first-in-human pilot 
study using fetal membrane-derived MSCs has been con-
ducted to treat nine patients with steroid-refractory acute 
graft-versus-host disease (GVHD); the fetal membrane-
derived MSCs appeared safe for intravenous infusion 
to most patients, and the overall response rate in severe 
refractory acute GVHD appeared to be similar to the rate 
observed while using bone marrow-derived MSCs (28). 
This is encouraging because it is rather invasive to aspi-
rate bone marrow or obtain adipose tissue from donors, 
and patients with refractory IBD may require repeated 
cell therapy for a long time. Furthermore, AMSCs are 
immediately available when needed by a patient because 
they can be stored in advance.

In conclusion, human AMSC transplantation amelio-
rated the inflammatory response in a rat model of severe 
colitis, possibly through the suppression of macrophage 
activity. Considering that fetal membrane is generally 
treated as medical waste and can be obtained without an 
invasive procedure, human AMSC transplantation may be 
a therapeutic strategy for the treatment of severe colitis.
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