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Abstract: Mesenchymal stem cells (MSCs) represent a valuable cell source in regenerative medicine, and large 
numbers of MSCs can be isolated from the amnion noninvasively. Sclerosing cholangitis is a chronic cholestatic 
disease and characterized by progressive biliary destruction leading to cirrhosis. Many factors are involved in the 
development of sclerosing cholangitis; however, effective medical therapy is not established. We investigated the 
effects of human amnion-derived MSCs (hAMSCs) and conditioned medium (CM) obtained from hAMSC cultures in 
rats with sclerosing cholangitis. Sclerosing cholangitis was induced via the intragastric administration of 100 mg/kg 
alpha-naphthylisothiocyanate (ANIT) twice weekly for 4 weeks. One million hAMSCs or 200 μL of CM were intrave-
nously administered on days 15 and 22. Rats were sacrificed on day 29 and evaluated via histological, immunohis-
tochemical, and mRNA expression analyses. hAMSC transplantation and CM administration significantly improved 
the histological score. In addition, these two interventions significantly improved biliary hyperplasia, peribiliary fibro-
sis, and inflammation in Glisson’s sheath. Accordingly, CK19, MMP-9, and TNF-α, and MCP-1 expression in the liver 
was also decreased by hAMSC and CM administration. In conclusion, hAMSC and CM administration ameliorated 
biliary hyperplasia, peribiliary fibrosis, and inflammation in a rat model of sclerosing cholangitis. hAMSCs and CM 
may represent new modalities for treating sclerosing cholangitis.

Keywords: Mesenchymal stem cells, sclerosing cholangitis, amnion, alpha-naphthylisothiocyanate, regenerative 
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Introduction

Sclerosing cholangitis is a chronic cholestatic 
disease, characterized by inflammation, oblit-
erative fibrosis of bile ducts, stricture forma- 
tion and progressive biliary destruction leading 
to cirrhosis [1]. Primary sclerosing cholangitis 
(PSC), the most common form, is an idiopathic 
sclerosing cholangitis resulting in liver fibrosis, 
cirrhosis, and eventually liver failure [2]. There 
is no effective medical therapy for PSC, and 
patients with progressive PSC require liver 
transplantation [3]. In addition, immune disor-
ders, ischemia, infections, parasites, infiltrative 
processes and metastasis can cause second-
ary sclerosing cholangitis. However, the effec-
tive medical therapy for sclerosing cholangitis 
has not been established [1]. Therefore, a new 

strategy to delay or prevent disease progres-
sion of sclerosing cholangitis is urgently re- 
quired.

Cell therapy with mesenchymal stem cells 
(MSCs) is expected as a new therapeutic strat-
egy. MSCs are multipotent cells that can differ-
entiate into various lineages, including bone, 
cartilage, or fat, and reside in a variety of tis-
sues [4]. Because of their ability to regulate sev-
eral inflammatory responses, MSCs have been 
investigated in a variety of animal models of 
inflammatory disorders [5-7], and bone marrow 
(BM)- and adipose tissue-derived MSCs have 
been the major cell sources for clinical trials [8]. 
The fetal membrane (FM) comprises the amni-
on and chorion, which envelop the developing 
fetus. Although the human FM is generally dis-
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carded as medical waste after delivery, fetal 
tissues have been identified as rich sources  
of MSCs [9, 10]. In small animal experiments, 
we demonstrated that the intravenous admi- 
nistration of human amnion-derived MSCs (hA- 
MSCs) alleviated inflammatory diseases, such 
as liver cirrhosis [11], acute and chronic pan-
creatitis [12], inflammatory bowel diseases [13, 
14], and radiation proctitis [15]. In addition, we 
observed that enema using conditioned medi-
um (CM) obtained from hAMSCs alleviated 
chemically induced colitis in rats [14] and that 
oral CM administration prevented stricture for-
mation after esophageal submucosal dissec-
tion in pigs [16].

There are not well-characterized animal mo- 
dels with sclerosing cholangitis. Alpha-naphthy- 
lisothiocyanate (ANIT) is a toxin that targets 
intrahepatic bile ducts, and it is used to gener-
ate animal models of sclerosing cholangitis 
because the pathology of ANIT-induced cho- 
langitis resembles that of human PSC in terms 
of onion-skin-type-like peribiliary fibrosis and 
biliary-type liver fibrosis [17, 18]. In the acute 
setting, ANIT is metabolized by hepatocytes 
and, following conjugation with glutathione, 
secreted via multidrug resistance-associated 
protein 2 into bile, through which it exerts its 
toxic effects on cholangiocytes [19, 20]. This 
results in a chronic, low-level cytotoxic chal-
lenge to intrahepatic cholangiocytes, causing 
the release of bile acids and eliciting cholangio-
cellular proliferation, inflammation, and peribili-
ary fibrosis [21-25].

ts were housed per cage in a temperature-con-
trolled room (24°C) on a 12-h/12-h light/dark 
cycle. All rats had ad libitum access to standard 
pellets throughout the study including the 5-day 
acclimatization period.

Induction of sclerosing cholangitis

A 1.79-mm-diameter tube was inserted into  
the stomach from the mouth. Cholangitis was 
induced via the intragastric administration of 
100 mg/kg ANIT (Sigma-Aldrich, St. Louis, MO, 
USA) in 500 μL of olive oil (Wako Pure Chemical 
Industries, Osaka, Japan) twice weekly for 4 
weeks. In the control group, rats were adminis-
trated olive oil alone (Figure 1). 

hAMSC isolation and expansion 

The Medical Ethical Committee of Hokkaido 
University Faculty of Medicine and Graduate 
School of Medicine, Sapporo, Japan approved 
this work, and a pregnant woman provided writ-
ten informed consent. A FM was obtained dur-
ing cesarean delivery, and the amnion was 
manually peeled from the chorion. hAMSCs 
were isolated and expanded via digestion with 
Brightase-C (Nippi, Tokyo, Japan) and dispase 
(Wako Pure Chemical Industries). Subsequently, 
hAMSCs (1 × 106 cells) were seeded in uncoat-
ed plastic dishes with minimal essential medi-
um alpha (MEMα) (Life Technologies, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (Life Technologies), 100 U/mL penicillin, 
and 100 µg/mL streptomycin (Wako Pure Che- 
mical Industries). Cell cultures were maintained 

Figure 1. Experimental protocol for creating an alpha-naphthylisothiocya-
nate (ANIT)-induced sclerosing cholangitis model. Rats received 100 mg/kg 
ANIT twice weekly for 4 weeks. One million human amnion-derived mesen-
chymal stem cells (hAMSCs) or 200 μL of conditioned medium (CM) were 
intravenously administered on days 15 and 22. All rats were sacrificed on 
day 29.

We investigated whether in- 
travenous administration of 
hAMSCs and CM obtained fr- 
om hAMSC cultures improves 
ANIT-induced portal inflamma-
tion and peribiliary fibrosis in 
rats.

Materials and methods

Animals

The experimental protocol was 
approved by the Animal Care 
and Use Committees of Hok- 
kaido University. Six-week-old 
male Sprague-Dawley rats we- 
re procured from Japan SLC 
(Hamamatsu, Japan). Three ra- 
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severe. The number of necrotic lesions in H&E-
stained sections was quantitatively measured 
as described previously [29]. To quantify colla-
gen deposits, 10 random fields (× 100) of Sirius 
Red-stained sections from each rat were photo-
graphed, and red-stained areas were measur- 
ed using a digital image analyzer (WinROOF; Mi- 
tani Co., Fukui, Japan) as described previously 
[29].

Immunohistochemical examination

Tissue sections were stained with anti-rat cy- 
tokeratin 19 (CK19) antibody (dilution 1:100; 
Proteintech, Chicago, IL, USA) to assess biliary 
hyperplasia. To assess activated hepatic stel-
late cells, tissue sections were stained with 
anti-rat α-smooth muscle actin (α-SMA) anti-
body (dilution 1:800; Thermo Scientific, Wal- 
tham, MA, USA). To assess peribiliary collagen 
deposition, tissue sections were stained with 
anti-rat type I collagen antibody (dilution 1: 
100,000; LSL, Tokyo, Japan). To assess the 
infiltration of Kupffer cells in Glisson’s sheath, 
tissue sections were stained with anti-rat CD- 
68 antibody (dilution, 1:50; AbD Serotec, Kid- 
lington, UK). Ten random fields in sections from 
each rat were photographed for CK19 (× 100), 
α-SMA (× 100), and type I collagen staining (× 
100). Data were presented as a percentage  
of the total positive area for each type of sta- 
ining using a digital image analyzer (WinROOF) 
as described previously [25, 29-31]. Ten ran-
domly selected areas (× 400) of each rat at  
the periportal area were photographed, and  
the number of CD68-positive cells was count- 
ed as described previously [32, 33].

RNA isolation and quantitative reverse-tran-
scription polymerase chain reaction (qRT-PCR) 

Total RNAs of the rat liver were extracted us- 
ing an RNeasy Mini Kit (Qiagen, Hilden, Ger- 
many) with elimination of genomic DNA. One 
microgram of total RNA was reverse-transcri- 
bed into cDNA using a QuantiTect Reverse 
Transcription Kit (Qiagen). PCR amplification 
was performed using a 25-μL reaction mixture 
containing 1 μL of cDNA and 12.5 μL of Plati- 
num SYBR Green PCR Mix (Life Technologies). 
β-actin mRNA amplified from the same sam-
ples 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 and annealing and extension  
at 60°C for 1 min) for 40 cycles in a 7700 

at 37°C in a humidified atmosphere of 95% air 
and 5% CO2. After 3-4 days in culture, nonad-
herent cells were removed, and adherent cells 
were maintained in culture until they reached 
80% confluence. Passage was performed using 
0.5% trypsin-ethylenediaminetetraacetic acid 
(Life Technologies).

We previously confirmed that cultured hAMSCs 
are multipotent and that they express surface 
markers such as CD44, CD73, CD90, and 
CD105 but not CD34, CD11b, CD19, CD45, 
and HLA-DR [16], reflecting characteristic find-
ings of MSCs [26].

Preparation of CM from hAMSC cultures

hAMSCs were cultured in 15-cm dishes until 
reaching a subconfluent state. After washing 
with phosphate-buffered saline (PBS, Life Te- 
chnologies) thrice, 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.

Transplantation of hAMSCs or CM

In the ANIT+hAMSCs group (N = 10), one million 
hAMSCs suspended in 200 μL of PBS were 
intravenously injected through the penile vein 
on days 15 and 22 under anesthesia with in- 
traperitoneal pentobarbital (50 mg/kg, Kyori- 
tsu Seiyaku, Tokyo, Japan). Similarly, 200 μL of 
CM were injected into animals in the ANIT+CM 
group (N = 10), and 200 μL of PBS were inject-
ed into animals in the control (N = 6) and ANIT 
groups (N = 10).

Histological examination

All rats were sacrificed on day 29. The abdo-
mens of rats were opened under anesthesia 
with 50 mg/kg intraperitoneal pentobarbital.  
In each animal, the left lobe of the liver was 
removed, fixed in 40 g/L formaldehyde saline, 
embedded in paraffin, cut into 5-μm sections, 
and stained with hematoxylin and eosin (H&E; 
Wako Pure Chemical Industries) and Sirius Red 
(Wako Pure Chemical Industries). A pathologist 
certified by the Japanese Society of Pathology 
(M.I.) blindly evaluated 10 random sections of 
the liver in each rat. Biliary hyperplasia, fibro-
blast proliferation, and biliary neutrophilic infil-
tration were scored as described previously 
[27, 28] as follows: 0, no evidence of abnormal-
ity; 1, minimal; 2, mild; 3, moderate; and 4, 
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Table 1. Primer sequences for quantitative re-
verse transcription-polymerase chain reaction 
Gene Primer sequence
CK19 F: TATCTGGATCTGCGTAGTGTGG

R: ATACAAAACCAAACTGGGGATG
α-SMA F: CGGGCTTTGCTGGTGATG 

R: CCCTCGATGGATGGGAAA
TGF-β F: CCCCTGGAAAGGGCTCAACAC

R: TCCAACCCAGGTCCTTCCTAAAGTC
Type I collagen F: GATGGCTGCACGAGTCACAC

R: ATTGGGATGGAGGGAGTTTA
MMP-2 F: CACCACCGAGGACTATGACC

R: TGTTGCCCAGGAAAGTGAAG
MMP-9 F: TGGAACTCACACAACGTCTTTCA

R: TCACCCGGTTGTGGAAACTC
TIMP-1 F: TCCTCTTGTTGCTATCATTGATAGCTT

R: CGCTGGTATAAGGTGGTCTCGAT
TNF-α F: AGAACTCCAGCGGTGTCT

R: GAGCCCATTTGGGAACTTCT
MCP-1 F: ATGCAGTTAATGCCCCACTC

R: TTCCTTATTGGGGTCAGCAC
β-actin F: CCAACCGTGAAAAGATGACC

R: ACCAGAGGCATACAGGGACA
CK, cytokeratin; SMA, smooth muscle actin; TGF, trans-
forming growth factor; MMP, matrix metalloproteinase; 
TIMP, tissue inhibitor of metalloproteinase; TNF, tumor 
necrosis factor; MCP, monocyte chemotactic protein.

Sequence Detector (Applied Biosystems, Fos- 
ter City, CA, USA). Gene expression levels we- 
re determined via the comparative threshold 
cycle (ddCt) method using β-actin as an inter- 
nal control [34]. Data were analyzed using 
Sequence Detection Systems software (Appli- 
ed Biosystems). Primer sequences are shown 
in Table 1.

Statistical analysis

Data are shown as the mean ± SEM. Parameters 
among the groups were compared via one-way 
ANOVA followed by Tukey’s test. Differences 
were considered statistically significant at prob-
ability (P) levels less than 0.05.

Results

Effects of hAMSC transplantation and CM 
administration on histological parameters in 
ANIT-treated rats

We first examined histological parameters via 
H&E staining. Marked biliary hyperplasia, fibro-

blast proliferation, and necrotic lesions were 
observed in the ANIT group (Figure 2A). His- 
tological scoring demonstrated that hAMSC 
transplantation and CM administration signifi-
cantly suppressed biliary hyperplasia (Figure 
2B). However, fibroblast proliferation was not 
decreased by hAMSC or CM treatment. Biliary 
neutrophilic infiltration was not significantly in- 
creased by ANIT, and no change was observed 
following hAMSC transplantation or CM admin-
istration. The number of necrotic lesions was 
significantly decreased by hAMSC transplanta-
tion (Figure 2C). 

Effects of hAMSC transplantation and CM 
administration on biliary hyperplasia in ANIT-
treated rats

To confirm the results of histological findings, 
we performed immunohistological examina-
tion. The expression of CK19 was significantly 
increased in the ANIT group, an effect that  
was significantly decreased by hAMSC trans-
plantation and CM administration (Figure 3A). 
Consistently, CK19 mRNA expression in the 
liver was significantly increased in ANIT group, 
and hAMSC transplantation and CM adminis-
tration significantly decreased its expression 
(Figure 3B). These results suggest that hAMSC 
transplantation and CM administration sup-
press ANIT-induced biliary hyperplasia.

Effects of hAMSC transplantation and CM 
administration on peribiliary fibrosis in ANIT-
treated rats

We next investigated peribiliary fibrosis in the 
liver. Sirius Red staining demonstrated that 
peribiliary fibrosis was induced by ANIT; mean-
while, hAMSC transplantation significantly re- 
duced fiber accumulation, and CM administra-
tion tended to reduce fiber accumulation (Fi- 
gure 4A). Immunohistological examination de- 
monstrated that the expression of α-SMA, a 
maker for activated hepatic stellate cells, was 
significantly increased in the ANIT group, and 
hAMSC transplantation and CM administration 
tended to reduce α-SMA expression, albeit 
without significance (Figure 4B). Type I colla- 
gen expression was significantly increased by 
ANIT and significantly decreased by hAMSC 
transplantation and CM administration (Figure 
4C). Quantitative PCR demonstrated that the 
mRNA expression of type I collagen, MMP-2, 
and MMP-9 was significantly increased by ANIT 
exposure, and α-SMA, TGF-β, and TIMP-1 ex- 
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Figure 2. Effect of human amnion-
derived mesenchymal stem cells 
(hAMSCs) and conditioned me-
dium (CM) obtained from hAMSCs 
on histological parameters. A. He-
matoxylin and eosin staining. Glis-
son’s sheath (upper) and necrotic 
lesions (lower, arrows) are shown. 
Scale bars, 100 μm. B. Liver his-
tology scores regarding biliary hy-
perplasia, fibroblast proliferation 
and neutrophilic infiltration in Glis-
son’s sheath in 10 sections per 
sample in each high-power field. 
C. Number of necrosis lesions in 
whole field (WF). Values are ex-
pressed as the mean ± SEM (N = 
6-10 animals/group). **P < 0.01 
vs. the control group. †P < 0.05 
and ††P < 0.01 vs. the alpha-naph-
thylisothiocyanate (ANIT) group.

pression tended to be incre- 
ased (Figure 4D). hAMSC tr- 
ansplantation and CM admi- 
nistration significantly decre- 
ased the mRNA levels of 
MMP-9 and tended to decre- 
ase those of α-SMA, TGF-β, 
type I collagen, MMP-2, and 
TIMP-1.

Effects of hAMSC transplanta-
tion and CM administration 
on inflammation in Glisson’s 
sheath in ANIT-treated rats

We finally investigated the in- 
flammatory reaction in the 
peribiliary area. Immunohisto- 
logical examination demonst- 
rated that the number of CD- 
68-positive Kupffer cells was 
significantly increased in the 
ANIT group, and hAMSC trans-
plantation and CM administra-
tion significantly reduced the 
number of CD68-positive Kup- 
ffer cells (Figure 5A). TNF-α 
and MCP-1 mRNA expression 
was significantly increased by 
ANIT treatment. Their expres-
sion was significantly decre- 
ased by hAMSC transplanta-
tion, and it tended to be de- 
creased by CM administration 
(Figure 5B). These results sug-
gest that the inflammatory 
reaction induced by ANIT was 
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suppressed by hAMSC transplantation and CM 
administration.

Discussion

This was the first study to investigate the the- 
rapeutic potential of hAMSCs and CM in rats 
with ANIT-induced sclerosing cholangitis, which 
resembles sclerosing cholangitis in humans. 
We found that both hAMSC transplantation  
and CM injection significantly improved biliary 
hyperplasia, peribiliary fibrosis, and inflamma-
tion in Glisson’s sheath.

Biliary hyperplasia is a characteristic change in 
the livers of ANIT-exposed rats [21-24]; howev-

er, the mechanisms of biliary hyperplasia are 
not entirely understood. Bile duct ligation  
(BDL) is one model of cholestasis, and biliary 
hyperplasia is also caused by BDL due to cho- 
lestatic liver injury similarly as observed for 
ANIT exposure [35, 36]. In addition, hepatic 
neutrophil accumulation and necrosis have 
been observed in both ANIT- and BDL-induced 
liver injury [37]. These studies supported the 
hypothesis that biliary hyperplasia is related  
to inflammation and necrosis. However, the 
connections of biliary hyperplasia and neutro-
phil inflammation with necrosis in ANIT-induc- 
ed sclerosing cholangitis have not been clari-
fied [38]. The report suggested that inflamma-

Figure 3. Effects of human amnion-derived mesenchymal 
stem cells (hAMSCs) and conditioned medium (CM) ob-
tained from hAMSCs on biliary hyperplasia. A. Cytokeratin 
19 (CK19) expression. B. Quantitative reverse transcrip-
tion-polymerase chain reaction for CK19. The stained 
areas were measured from 10 sections per sample in 
each low-power field. Scale bars, 100 μm. Values are ex-
pressed as the mean ± SEM (N = 6-10 animals/group). 
*P < 0.05 and **P < 0.01 vs. the control group. †P < 0.05 
vs. the alpha-naphthylisothiocyanate (ANIT) group.
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Figure 4. Effects of human amnion-derived mesenchymal stem cell (hAMSCs) and conditioned medium (CM) ob-
tained from hAMSCs on fibrosis, collagen deposition, and fibrosis-related marker expression. A. Sirius Red staining. 
B. α-smooth muscle actin (SMA) expression. C. Type I collagen expression. D. Quantitative reverse transcription-
polymerase chain reaction. Stained areas were measured from 10 sections per sample in each low-power field. 
Scale bars, 100 μm. Values are expressed as the mean ± SEM (N = 6-10 animals/group). *P < 0.05 and **P < 0.01 
vs. the control group. †P < 0.05 and ††P < 0.01 vs. the alpha-naphthylisothiocyanate (ANIT) group.

tion was partially involved in biliary hyperplasia. 
Therefore, it is possible that hAMSCs and CM 
reduced peribiliary fibrosis in part through sup-
pressing inflammation and the consequent bili-
ary hyperplasia.

In the present study, hAMSC and CM adminis-
tration reduced peribiliary fibrosis in rats with 
ANIT-induced sclerosing cholangitis. Although 
there was no difference in the fibroblast prolif-
eration score between the ANIT group and the 
treatment groups, this can be explained by sev-
eral factors. First, the histological assessment 

of fibroblast proliferation using H&E staining 
was based on subjective scoring. Faiola et al. 
reported modest differences in the degree of 
injury based on subjective scoring [27]. Only 
subjective differences of > 0.2 units were inter-
preted as significant changes in their report. 
Second, assessments of fibroblast prolifera- 
tion using H&E staining in previous reports  
[27, 28] focused on several bile ducts oppos- 
ed to all intrahepatic bile ducts. Meanwhile, it 
has been reported that various humoral factors 
including anti-fibrotic factors are secreted by 
cultured hAMSCs, such as hepatocyte growth 
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factor, vascular endothelial growth factor, insu-
lin-like growth factor 1, and basic fibroblast 
growth factor [39, 40]. In addition, MSCs 
secrete MMP, which can mediate fibrolytic 
effects [41]. In the present study, the mRNA 
expression of TIMP-1, which is a marker of fi- 
brosis [42], was decreased in the ANIT+hAM- 
SCs and ANIT+CM groups. Similarly, MMP-2 
and MMP-9 mRNA expression was also decre- 

ased in these groups. Therefore, it appeared 
that hAMSCs and CM influenced inflammation 
rather than the fibrinolytic system in rats with 
ANIT-induced sclerosing cholangitis.

The present study demonstrated that hAM- 
SCs and CM reduced the infiltration of Kupffer 
cells into Glisson’s sheath. In small animals 
with ANIT-induced sclerosing cholangitis, neu-

Figure 5. Effects of human amnion-derived mesenchymal stem cell (hAMSCs) and conditioned medium (CM) ob-
tained from hAMSCs on the infiltration of inflammatory cells and inflammatory mediators. A. CD68 expression. 
B. Quantitative reverse transcription-polymerase chain reaction. The number of positive cells was counted in 10 
sections per sample in each high-power field. Scale bars, 20 μm. Values are expressed as the mean ± SEM (N 
= 6-10 animals/group). *P < 0.05 and **P < 0.01 vs. the control group. †P < 0.05 and ††P < 0.01 vs. the alpha-
naphthylisothiocyanate (ANIT) group.
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trophils invaded the liver within 12 h after ANIT 
treatment and remained abundant in the liver 
for at least 24 h, and their numbers decreased 
within a few days [23]. In addition, it has been 
reported that the number of Kupffer cells was 
increased at the highest treatment level 3 days 
after ANIT injection [33]. In the present study, 
there was no significant difference in biliary 
neutrophil infiltration among the groups (myelo-
peroxidase staining, data not shown); however, 
it is possible that neutrophils had already dis-
appeared at the time of sacrifice. 

It has been reported that transplanted human 
adipose tissue-derived MSCs accumulated in 
bile ducts in mice with liver injury [43]. The- 
refore, we hypothesized that hAMSCs engraft-
ed in bile ducts affected bile injury. To confirm 
the existence of transplanted hAMSCs, we sta- 
ined the tissues with anti-human Ku80 anti-
body, however, there were no human Ku80-
positive cells observed in the liver (data not 
shown). hAMSCs might have already disap-
peared from the liver, or they potentially en- 
grafted in other organs, such as the lungs [15]. 
Conversely, van Poll et al. demonstrated that 
the injection of CM from human MSCs prevent-
ed the release of liver injury biomarkers in a rat 
model of fulminant hepatic failure (FHF) [44]. 
CM injection significantly reduced the maxi-
mum serum levels of liver enzymes 36 h after 
the induction of FHF; however, no significant 
differences were observed at any other time 
points. This suggests that CM only has a short-
term anti-inflammatory effect. Therefore, our 
data indicate that hAMSC transplantation was 
more effective than CM injection at the same 
frequency of administration. However, MSCs 
have been reported to frequently congregate 
within the pulmonary circulation after intrave-
nous administration in small animals and likely 
lead to thromboembolism [45, 46]. The most 
suitable dose and frequency of CM injection 
remain to be clarified.

Few studies have focused on the transplanta-
tion of MSCs in models of acute and chronic 
cholangitis. The efficacy of BM-derived MSCs in 
rat models of primary biliary cholangitis (PBC) 
was investigated, demonstrating that BM-MSCs 
slightly reduced serum liver enzyme levels and 
ameliorated monocyte infiltration in bile du- 
cts [47]. In human studies, transplantation of 

umbilical cord-derived MSCs into patients with 
PBC significantly reduced the serum levels of 
liver enzymes at 12 months; however, the exact 
mechanism of this effect remains unknown 
[48, 49].

The amnion is an attractive cell source for 
MSCs because large quantities of hAMSCs can 
be obtained from human FMs without invasive 
procedures [14]. Furthermore, a first-in-human 
clinical trial of FM-MSC transplantation in nine 
patients with steroid-refractory acute graft-ver-
sus-host disease (GVHD) demonstrated that 
FM-MSCs appeared safe for intravenous infu-
sion, and the overall response rate in patients 
with severe refractory acute GVHD was similar 
to that observed in patients administered 
BM-MSCs [50]. This is encouraging because 
the collection of AMSCs involves less invasive 
procedures than those used to obtain MSCs 
from BM or adipose tissue from donors.

This study has several limitations. First, we did 
not investigate the dose-dependency and opti-
mum frequencies of hAMSC and CM adminis-
tration. Second, although we used hAMSCs and 
CM obtained from a single donor, the existence 
of individual variability of hAMSCs and CM 
should be clarified. Third, as large bile ducts are 
not injured by ANIT, we could evaluate only 
intrahepatic bile ducts. Finally, because we 
used a rat model of sclerosing cholangitis in 
this study, it is unclear whether our results can 
be extrapolated to human sclerosing cholangi-
tis, such as PSC. 

In conclusion, hAMSC transplantation and CM 
administration ameliorated biliary hyperplasia, 
peribiliary fibrosis, and inflammation in Glis- 
son’s sheath in a rat model of sclerosing chol-
angitis. Because FM has been considered med-
ical waste and it can be obtained noninvasively, 
hAMSCs and CM obtained from hAMSC cul-
tures may represent highly relevant therapeutic 
modalities for treating sclerosing cholangitis.
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