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Human amniotic mesenchymal stromal cells alleviate acute liver
injury by inhibiting the pro-inflammatory response of liver resident
macrophage through autophagy
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Background: The activation and polarization of macrophages are crucial during the pathogenesis of liver
injury induced by the toxin. Human amniotic mesenchymal stromal cells (hAMSCs) are newly identified
mesenchymal stem cells and have been shown to have an immunoregulatory ability for multiple autoimmune
diseases.

Methods: Mice were intraperitoneally injected with Acetaminophen (APAP) to establish a liver injury
model. hAMSCs were injected through the tail vein, and the liver function was observed through a liver
function and pathology analysis. To test the regulative ability of hAMSCs in vitro, the supernatant of
hAMSCs were collected and co-cultured with Kupffer cells (KCs). Liposome was used to abolish the
function of KCs in vivo.

Results: Infusion of hAMSCs reduced the level of liver function injury and inflammation expression in
APAP-induced liver injury. hRAMSCs markedly promoted M2 polarization of KCs instead of M1 polarization
in vitro. Furthermore, the mechanism study also proved that hAMSCs reduced autophagy, as revealed by
down-regulated LC3B-II levels. The elimination of KCs iz vivo abolished the protective ability of hAMSCs
in liver injury, which resulted in a significant increase of liver pathogenesis along with an increase in alanine
aminotransaminase (AL'T) and aspartate aminotransaminase (AST) levels.

Conclusions: Our results proved that hAMSCs suppressed M1 polarization and promoted M2 polarization
of KCs through regulating autophagy in the model of APAP-treated livers. Thus, the injury of the liver was

attenuated. This study provides us a new therapeutic strategy for the disease of acute liver injury.
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Introduction

Mesenchymal stem or stromal (MSC) cells are
immunomodulatory cells for numerous immune cell
types (1) and protect against the various murine models
of autoimmune disease, including colitis (2), autoimmune
arthritis, (3) and graft versus host disease (4). Human term
placenta has attracted interest as it’s the superior rate in cell
yielding and rarely express human leukocyte antigens or
co-stimulatory molecules. Human amniotic mesenchymal
stromal cells (hRAMSCs) derived from term placenta have
now been realized as a valuable candidate to be the source
of therapeutic MSC generation. Studies have shown that
hAMSC:s also present a robust protective ability against
immune cells.

The most essential function of the Liver is to metabolize
the drugs or other toxic compounds, which make itself viable
target organ for toxicity. Macrophages in the liver [Kupffer
cells, (KCs)] had been identified to play a core role during the
pathogenesis of toxin-induced liver injury (5). Ju reported that
KCs settled down in the liver and maintained the homeostasis
of liver in different liver disease (6). KCs also release cytokines
and chemokines to attract other inflammatory cells, which
amplificated inflammatory signal (7).

Macrophages can be mainly divided into two cell
types, a pro-inflammatory type (M1) and an anti-
inflammatory type (M2). M1 macrophage can be controlled
by the phosphorylation of STAT1 and IRFS5, while the
activation of IRF4 and PPARYy regulated the polarization
of M2 macrophage (8). Recent studies had defined that
autophagy controlled the function and polarization in
macrophages (9). The autophagy of macrophage increases
liver injury by accelerating M1 polarization (10,11).

Given the findings above, we investigated the function of
hAMSC:s in regulating liver injury and inflammation as well
as the cross-talk between hAMSCs and KC autophagy and
polarization.

Methods
Animals

C57BL/6] male mice (8 weeks old) were obtained from the
Animal Resources Center, Nanjing Medical University.
The mice were housed with standard rodent diet and
water provision. Relevant legal and ethical requirements
were followed carefully according to the protocol (number
NMU08-092, which was approved by the Institutional Animal
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Care and Use Committee of Nanjing Medical University.

Isolation and enrichment of ammnion-derived MSCs

hAMSCs were isolated, as described previously (12).
Briefly, the amnion was manually separated, washed, and
cut into small pieces. Trypsin and collagenase I was used
to digesting the minced amnion. Finally, the harvested
cells were cultured under culture medium composed of
DMEM medium with heat-inactivated fetal bovine serum
(FBS, 10%), with the addition of penicillin (100 U/mL),
streptomycin (100 g/mL), and I-glutamine (Gibco, 2 mM)
at 37 °C with 5% CO,. The cell passages between passage 3
to passage 7 were used for this study.

APAP-induced acute liver injury

For the establishment of liver injury model, C57BL/6] mice
were intraperitoneally injected with Acetaminophen (APAP)
(Sigma, Saint Louis, MO, USA, 400 mg/Kg). Mice from the
control group received PBS via intraperitoneal injection.
After 24 hours, the mice were sacrificed while the tissue,
as well as the serum, were collected. In some experiments,
mice were pretreated with liposome (Clodronate liposomes,
Haarlem, The Netherlands) to eliminate the KCs (200 pL
per mouse, i.v.) before APAP administration.

Liver function analysis

Murine serum samples were collected, centrifuged, and
analyzed with automated chemical analyzer (Olympus
Company, Tokyo, Japan) to test the levels of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST).

Immunobhistochemical staining and bistopathology

Liver tissue sections obtained from the model (4 pm) were
stained with hematoxylin-eosin and observe through light
microscopy. Rat anti-mouse F4/80, CD11b, and Ly6G mAb
(BD Biosciences, San Jose, CA, USA) were used to label and
evaluate the macrophages and neutrophils in the liver. Cells
were counted blindly in 10 HPF/section.

KCs isolation and cell culture

KCs were isolated and cultured, as described previously (13).

Ann Transl Med 2019;7(16):392 | http://dx.doi.org/10.21037/atm.2019.08.83


file:///D:/3-%e8%8b%b1%e6%96%87%e8%bf%9e%e7%89%88/GS/2019/%e2%80%9cGS-V8N4%e2%80%9d%e6%96%87%e4%bb%b6%e5%a4%b9/javascript:;

Annals of Translational Medicine, Vol 7, No 16 August 2019

Briefly, Mouse livers were perfused via the portal vein with
HBSS and collagenase IV. Then, the perfused livers were
dissected and teased, followed by suspension in culture
media for 15 min at 37 °C. Then we removed the non-
adherent cells and collected the adherent cells for further in
vitro experiments.

Western blots and quantitative reverse transcription-
polymerase chain reaction

Proteins were extracted from with ice-cold lysis buffer,
and then the protein was subjected to 10% SDS-PAGE
and transferred to polyvinylidene difluoride nitrocellulose
membrane. Abs against LC3B and B-actin (Cell Signaling
"Technology, MA, USA) were used.

Total RNA was extracted from the frozen liver tissues
and cells using TRIZOL reagent (Invitrogen, Carlsbad,
CA, USA) and was reverse-transcribed into cDNA using
the Transcriptor First Strand cDNA Synthesis Kit (Roche,
Indianapolis, IN, USA). Quantitative real-time PCR was
performed using SYBR green (Roche, Indianapolis, IN,
USA). The expression levels of target genes and the results
were normalized against GAPDH expression.

ELISA

The expression of Cytokines such as TNF-a, IL-6, IL-10,
CXCL-10 in the serum was measured by ELISA according
to the manufacturer's protocol (eBioscience, San Diego,

CA, USA).

Immunofluorescence staining

Rat anti-mouse F4/80, CD11b (BD Biosciences, San Jose,
CA, USA), Ly6G, iNOS, and CD206 mAb (Cell Signaling
Technology, MA, USA) were applicated to identify the
macrophages and neutrophils. Goat anti-mouse Texas
Red-conjugated IgG (Sigma, St. Louis, MO, USA) were
incubated with VECTASHIELD medium with DAPI
(Vector). Positive cells were blindly observed in 10 HPF/
section (200x).

Statistical analysis

Results are shown as the mean + SEM. All analyses were
performed using Stata software (version 11.0). P values
less than 0.05 (two-tailed) was considered statistically
significant.
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Results
bhAMSCs attenuate acute liver injury induced by APAP

Firstly, we evaluated the level of liver injury induced by
APAP with or without hAMSCs. 5x10°hAMSCs was
transferred on the same day while APAP (500 mg/kg)
were injected intraperitoneally into B6 mice. Adoptive
infusion with hAMSCs attenuated APAP-induced acute
liver injury significantly comparing with APAP group
(Figure 1A), in the meanwhile, lower serum ALT and AST
levels were detected in the hAMSCs group (Figure 1B,C).
Thus, hAMSC treatment ameliorates APAP-induced acute
liver injury.

Innate immune responses were reduced by hAMSCs in
APAP-exposed livers

Next, we evaluated the regulative function of hAMSCs in
macrophage and neutrophil infiltration iz vive. We found
that hAMSCs reduced intrahepatic macrophages (F4/80%)
in the APAP + hAMSCs group comparing with control
group or APAP group (Figure 1D). Besides, hAMSCs
also significantly downregulated CD11b" infiltrating
macrophages or Ly6G" neutrophils in APAP + hAMSCs
treated livers (Figure 1E,F).

Previous data had already proved that the activation of
innate immune responses participated in the pathogenesis
of APAP-induced acute liver injury (14). We examined
the gene induction of cytokine or chemokine for different
groups by qRT-PCR. As shown in Figure 24, APAP
treatment significantly increased TNF-a, IL-6, IL-10, and
CXCL-10 compared with the control group. Meanwhile,
co-infusion of hAMSCs presented significantly lower
TNF-o, IL-6, and CXCL-10, but much higher IL-10 gene
induction comparing with APAP group. Furthermore, we
evaluated the expression of TNF-a, IL-6, and CXCL-
10 in the serum, which is parallel to the qRT-PCR result
(Figure 2B).

bAMSCs regulate KCs M1/M2 polarization in response to
APAP treatment through autopbagy

As Macrophages can be classified into M1 (classical) and
M2 (alternative) subtypes (15), therefore, we identified the
regulative effect of hAMSCs for M1/M2 polarization. KCs
isolated from B6 mice were plated and cultured in vitro with
the absence of LPS. Indeed, after 6 h, KCs stimulated with
LPS exhibited a higher induction of M1 markers ((NOS
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Figure 1 hAMSC pretreatment attenuates APAP-induced acute liver injury and reduces innate immune cell activation in APAP-treated
livers. Liver injury was evaluated in terms of liver histopathology (A), serum ALT (B), and AST (C). F4/80" macrophage (D), CD11b"
macrophage (E), and Ly6G" neutrophil (F) infiltration in the liver was detected by immunohistochemical staining. *, P<0.05, n=6 for
each group. hAMSC, human amniotic mesenchymal stromal cell; APAP, Acetaminophen; ALT, alanine aminotransferase; AST, aspartate

aminotransferase.

and MCP-I) but a lower level of M2 markers (Arg-1 and
CD206) compared with the KCs-alone group. Interestingly,
pretreatment with the supernatant of hAMSCs suppressed
the expression of iNOS and MCP-1 while improving the
expression of Arg-1 and CD206 (Figure 34). We next
analyzed levels of TNF-a, IL-6, and IL-10 protein during
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KC culturing. KCs were treated with supernatant for
6 h; then the cells were washed and cultured in standard
culture medium for 24 h, while the expression of multiple
cytokines was evaluated through ELISA. As shown in
Figure 3B, hAMSCs reduced the expression of pro-
inflammatory cytokines such as TNF-a and IL-6, while
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Figure 2 Innate immune responses were reduced by hAMSCs in APAP-Exposed Livers. Inflammatory gene (A) and cytokine (B) expression

were measured from liver tissue or serum by quantitative RT-PCR and ELISA. *, P<0.05. Data are mean + SEM from 5 independent

experiments. *, P<0.05, n=6 for each group. hAMSC, human amniotic mesenchymal stromal cell; APAP, Acetaminophen; RT-PCR, reverse

transcription-polymerase chain reaction.

increasing that of IL-10. We also tested the polarization
of KCs through immunofluorescence staining, which
also proved that hAMSCs reduced the iNOS* M1 cells
and enriched CD206™ M2 cells. These data indicate
that hAMSCs preferentially polarized into the M2-like
phenotype (Figure 3C,D).

Growing evidence illustrates that the polarization of
KCs can be regulated through the autophagy pathway
(16,17). Based on these findings, we examined whether
hAMSC:s affect KC autophagy. KCs were pretreated with
the supernatant of hAMSCs, and autophagy marker was
analyzed by western blot. As shown in Figure 3E, the
LC3B-II level was increased in the LPS-treated group
but decreased in the LPS + hAMSC KCs, indicating
that hAMSCs regulated the polarization of KCs through
autophagy-related pathways.

bAMSCs protect APAP-induced acute liver injury through
regulating KCs in vivo

To evaluate whether the effects of hAMSCs on the
protective effect of APAP-induced acute liver injury
is dependent on controlling KCs, liposome was used
to eliminate the function of KCs (18). Liposome was
transferred one day before hAMSC transfer and liver injury

© Annals of Translational Medicine. All rights reserved.

model establishment. Compared with the APAP group,
pretreatment with hAMSCs significantly attenuated APAP-
induced acute liver injury (Figure 44), as demonstrated
by lower serum ALT and AST (Figure 4B). However,
injection of liposome partly abolished the protective effect
of hAMSCs, while the level expression of ALT and AST

increased with the addition of liposome.

Discussion

As studies had proved that the activity and function of MSCs
declined with increasing age of the sources (19), researchers
had begun to investigate the potential therapeutic efficacy
of the hAMSCs which was isolated from the term human
amnion due to their MSC-like characteristics. The reported
advantages of hAMSCs include higher cell harvest at the
beginning, low donor site morbidity, more “youthful”
phenotype, compatibility for use in allogeneic transplants,
and powerful immunomodulatory properties compared with
hBMSCs and hADSCs (20-22). Research has proven that
hAMSC:s protect multiple disease models, including chronic
kidney disease (23), T1 diabetes (24), and smoke-induced
lung injury (25). However, no study has yet revealed the
function of hAMSCs in APAP-induced liver injury.

The results of the present study revealed that
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Figure 3 hAMSCs regulate KC M1/M2 polarization in response to APAP treatment through autophagy. (A) KCs were treated with
hAMSC:s supernatant for 6 hours, the level of gene induction of iINOS, MCP-1, Arg-1, and CD206 were analyzed by qRT-PCR; (B) the

cytokine expression of the KCs’ supernatant was measured by ELISA. Representative figures of immunofluorescence staining of iNOS (C)

and CD206 (D) in KCs; (E) representative figure of the expression of LC3B in different groups as analyzed by Western Blot. Data are mean

+ SEM from 5 independent experiments, and each experiment was repeated four times. *, P<0.05, n=6 for each group. hAMSC, human

amniotic mesenchymal stromal cell; APAP, Acetaminophen; KC, Kupffer cell; qRT-PCR, quantitative reverse transcription-polymerase

chain reaction.

pretreatment with hAMSCs attenuates acute liver injury
through adjusting KCs related innate immune inflammation.
Although the immune regulative ability of hAMSCs in
inflammatory diseases has been preliminarily revealed, its
role in acute liver injury remains to be elucidated. Our
study showed that hAMSCs inhibited M1 polarization but

© Annals of Translational Medicine. All rights reserved.

promoted M2 polarization, thereby attenuated intrahepatic
inflammation and alleviated hepatocellular injury in
APAP-treated livers. The mechanism study also revealed
that hAMSCs regulate KC autophagy. Additionally, we
eliminated the macrophage using liposome and tested the
role of KCs in vivo, which showed that hAMSCs protected

Ann Transl Med 2019;7(16):392 | http://dx.doi.org/10.21037/atm.2019.08.83
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Figure 4 hAMSCs protect against APAP-induced acute liver injury through regulating KCs in vivo. Mice were administrated with hAMSC

and APAP administration as described previously. Liposome was added through intraperitoneal injection. Liver injury was evaluated in terms

of liver histopathology (A), serum ALT, and AST (B). Data are shown as mean + SEM from 3 independent experiments. *, P<0.05, n=6 for

each group. hAMSC, human amniotic mesenchymal stromal cell; APAP, Acetaminophen; ALT, alanine aminotransferase; AST, aspartate

aminotransferase.

APAP-induced acute liver injury partly via regulating KC
cells. This work is the first study to demonstrate hAMSCs
regulate KCs polarization via induction of autophagy in the
acute liver injury model.

Kupffer cells are liver-resident macrophages which
reside in the hepatic sinusoid and serve as important
defender against various liver diseases and injuries. M1/
M2 polarization of KCs regulated the pathogenesis of
liver disease or injuries, Rao proved that hyperglycemia
aggravates hepatic ischemia and reperfusion injury by
inducing M2 polarization (26). Autophagy is a conserved
catabolic process in which cellular components are finally
degraded in lysosomes (9). Evidence had shown that
autophagy regulated of M1/M2 polarization, but the
effect remains not clear. In this study, we proved that
hAMSC induced M2 but not M1 polarization of KCs
in APAP-treated groups. We first measured the protein
expression related to autophagy of LC3B in KCs by
western blot, which proved that hAMSCs significantly

© Annals of Translational Medicine. All rights reserved.

induces KC autophagy in APAP-treated groups compared
with other groups.

In conclusion, the present result proved that hRAMSCs
markedly protected acute liver injury induced by APAP.
Mechanism study indicated hAMSC-regulated autophagy
of KCs and promoted M2 polarization. Our findings
demonstrated that hRAMSCs would be considered a potent
candidate for acute liver injury treatment.
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