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Abstract
Background and Aim: Acute liver failure (ALF) poses a serious public health issue. The
menstrual blood-derived mesenchymal stem cells (MenSCs) have been applied to cure
various liver-related diseases. However, the efficacy and mechanism are far from clear.
This study aims to explore the efficacy and potential mechanism of MenSCs to cure ALF.
Methods: We investigate the potential mechanism of MenSCs on the ALF in vitro and
in vivo. A2A adenosine receptor (A2AR) activation was investigated as the potential
reinforcer for MenSCs treatment. Lipid polysaccharide/D-galactosamine (D-GalN) was
employed to induce ALF. Diverse techniques were used to measure the inflammatory
cytokines and key signaling molecules. Hematoxylin–eosin stain and aminotransaminases
were applied to evaluate the liver injury. Flow cytometry was employed to assess the
T cells.
Results: The MenSCs can decrease the lipid polysaccharide-induced inflammatory
cytokine elevation and related signaling molecules in ALF, including TLR4,
phosphorylated-NF-kBp65 (p-NF-kBp65), PI3K, and p-AKT, p-mTOR and p-IKK
in vitro. Moreover, MenSCs also can significantly reverse the liver injury, inflammatory
cytokines elevation and related signaling molecules increase, and Treg/Th17 ratio decrease
in vivo. In addition, MenSCs plus A2AR agonist can enhance the above changes.
Conclusions: The MenSCs can attenuate the ALF-induced liver injury via inhibition of
TLR4-mediated PI3K/Akt/mTOR/IKK signaling. Then, this inhibits the p-NF-κBp65
translocate into nuclear, which causes a decrease of inflammatory cytokines release.
Moreover, A2AR agonist can play a synergic role with MenSCs and enhance the
above-mentioned effects.

Introduction
Acute liver failure (ALF) was one of the severe liver diseases
featuring coagulopathy, progressive jaundice and hepatic encepha-
lopathy, which has a rapid progression and high mortality.1–3

However, if early diagnosis and reasonable interventions can be
provided, the prognosis can be significantly improved. For exam-
ple, the mortality rate of ALF was as high as 80%, whereas the
2-year survival rate of patients receiving liver transplantation
was significantly improved, reaching 92.4%.4,5 However, trans-
plantation is difficult to be widely used due to severe shortage of

donor liver, high medical costs, and rapid disease progression.6,7

Thus, it is important to find other effective alternatives.
The activation of the immune system and its cascade-like response

to inflammation may play a key role in the progression of ALF, and
macrophages are one of the important ingredients of this progress.8

The liver has the largest population of macrophages in the body,
Kupffer cells. In acute liver injury, inflammation activates Kupffer
cells in the liver, which results in the release of reactive oxygen spe-
cies (ROS) and the secretion of a series of cytokines. These cyto-
kines can recruit other potentially cytotoxic inflammatory cells.
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Throughout the process, macrophages play an important role in the
liver injury. When ALF occurs, intestinal and liver axis disorders, in-
testinal mucosal damage, and intestinal flora imbalance may lead to
immune imbalance and endotoxemia in patients. The main compo-
nent of endotoxin is lipopolysaccharide (LPS).9 The LPS can travel
to liver and activate Toll-like receptor 4 (TLR4), which actives the
downstream intracellular NF-κB signaling, thereby releasing a large
number of inflammatory cytokines.10,11

So far, there are numerous studies indicating the therapeutic
effect of mesenchymal stem cells (MSCs) on liver diseases,
including ALF.12 For example, MSCs may increase expression
of heme oxygenase-1 to play anti-inflammatory effect in treatment
of ALF.13 In addition, the human umbilical cord MSCs-derived
exosomes are found to ameliorate IL-6-induced ALF through
miR-455-3p.14 Menstrual blood-derived stem cells (MenSCs)
were first extracted and identified from human menstrual blood
by Cui et al.15 Studies have found that it has characteristics similar
to other MSCs, such as multi-lineage differentiation ability.
Compared with other tissue-derived MSCs, MenSCs have higher
proliferation capacity.16,17 In addition, MenSCs are obviously
easier to access compared with other MSCs, such as bone marrow
MSCs (BMMSCs). Thus, it received increasingly attention in the
treatment of various diseases, including ALF. For example,
exosomes derived fromMenSCs is found to alleviate the fulminant
hepatic failure.18 However, the efficacy and mechanism of
MenSCs in treatment of ALF is still largely unclear. On the other
hand, the effects of MSCs transplantation are often unsatisfactory
due to complicated in vivo environment. Activation of A2A aden-
osine receptor (A2AR) was found to play an anti-inflammatory
and immune regulation role in diverse of diseases.19,20 Moreover,
A2AR activation was found to enhance the curative effect of
BMMSCs transplantation on hepatic fibrosis.21 Therefore, the
present study explores the efficacy and potential mechanism of
MenSCs to treat ALF. In addition, the potential role of A2AR on
improving the therapeutic effect of MenSCs is also investigated.

Materials and methods

Cell culture. RAW264.7 was purchased from the Shanghai
Institute of Cell Sciences, the Chinese Academy of Sciences. It
was cultured in DMEM (Irvine Scientific) with a mixture of 1%
penicillin and streptomycin, and 10% FBS (Irvin Scientific).
MenSCs were donated from Xiang’s laboratory.22 Cells from
two to eight passages were cultured in Chang’s cell complete me-
dium (Irvin Scientific).

Co-culture model of MenSCs and RAW264.7 cells
in vitro. We applied a Transwell insert (diameter: 24 mm, filter
pore size: 0.4 um, Corning) to construct co-culture model. The insert
was placed in six-well plates, and then RAW264.7 cells were seeded
in the lower well of chamber with the number of 1 × 106. Then,
MenSCs were placed on the upper layer of the chamber, and the num-
ber was about 1 × 105. The model was incubated in 37°C with 5%
CO2 in complete medium. We set four different groups: RAW264.7
(control), RAW264.7 + 100 ng/mL LPS (LPS group),
MenSCs + RAW264.7 + 100 ng/mL LPS (LPS + MenSCs group),
and TAK242 100 ng/mL (TLR4 inhibitor) + RAW264.7 + 100 ng/
mL LPS group (LPS + TLR4 inhibitor group). Except for the control

group, the other three groups were all added with LPS in the lower
wells and incubated for 24 h. For LPS + TLR4 inhibitor group,
RAW264.7 cells were pretreated with TLR4 inhibitor (Merck) for
30 min. After 24 h of incubation, the supernatant in the lower well
was collected, centrifuged at 5000g for 3 min at 4°C to remove the in-
soluble material, and rest was stored at �80°C until use. The experi-
ments were from duplicate wells for each experimental group and
repeated three times.

Reverse transcriptase semi-quantitative polymer-
ase chain reaction for mRNA measurement. Cell
pellet was collected and total RNA was extracted using the tradi-
tional Trizol (Irvin Scientific) method. Reverse transcription was
performed using the iScript Reverse Transcription Kit (Bio-Rad,
USA) according to the instructions, and then submitted to subse-
quent semi-quantitative polymerase chain reaction.
Primers were designed using the BLAST tool and purchased

from Invitrogen (Shanghai, China) (Table S1) [Correction added
on 15 April 2021, after first online publication: Table 1 citation
has been corrected to Table S1]. For semi-quantitative polymerase
chain reaction, SYBR Green Supermix kit (Bio-Rad, USA) was
used. GAPDH was used as an internal reference. The polymerase
chain reaction was carried out with the condition as following:
95°C for 30 s as initial denaturing follow by 35 cycles of denatur-
ing at 95°C for 15 s, annealing at 60°C for 60 s, and elongating at
72°C for 2 min. After the reaction was completed, the cycle thresh-
old (CT) values of the internal reference GAPDH and the target
gene were recorded, and the relative mRNA expression was calcu-
lated using the 2�ΔΔ CT method.

Enzyme-linked immunoassay for the detection of
IL-6, IL-1β, and TNF-α. The concentrations of cytokines
IL-6, IL-1β, and TNF-α were determined by an enzyme-linked
immunoassay kit (BD Biosciences, San Diego, CA, USA) with
antibodies against IL-6, IL-1β, and TNF-α, respectively, according
to the manufacturer’s instructions.

Protein extraction from cells and tissues. Cells were
collected in a microfuge tube and were extracted with RIPA buffer
(Promega) following the standard protocols. Cell lysate was stored
in a refrigerator at �80°C until use. Tissue protein extraction is
similar to cell protein extract except tissue was grinded in lysate.
For nuclei protein extraction, after cell pellet or grinded tissue were

mixed with at least two times volume of cell lysate (10-mM Tris
pH 7.5, 25-mM NaF, 1-mM EDTA, 1× protein inhibitor, 0.5-mM
AEBSF). Place the tube in the ice for 20min, and then the crude nuclei
were isolated by passing through a 23G injection needle accompanied
with centrifugation. Subsequently, the crude cell nucleus was precipi-
tated by sucrosemethod, and then the precipitationwas resuspended in
another lysate (20% Glycerol, 20-mMHepes, pH 7.9, 420-mMNaCl,
1.5-mMMgCl2, 0.2-mMEDTA)with centrifugation. The supernatant
containing nucleoprotein was carefully collected. After concentration
measurement by BCA kit (Pierce Company), the protein was stored
at �80°C until use.

Western blot detection of TLR4 and related pro-
teins. The standard protocols were employed, and we used dif-
ferent primary antibodies against different proteins: anti-TLR4
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polyclonal antibody (Abcam, UK), anti-Akt monoclonal antibody
(Thermo Fisher, USA), anti-phospho-Akt monoclonal antibody,
anti-phospho-NF-κB p65 monoclonal antibody, anti-IKK poly-
clonal antibody, anti-phospho-IKK monoclonal antibody,
anti-mTOR polyclonal antibody, anti-phospho-mTOR monoclonal
antibody, anti-PI3K monoclonal antibody, anti-histone H3
monoclonal antibody, and anti-GAPDH monoclonal antibody
(USA CST company). The bands were exposed to films, and the
quantification and analysis of the bands were performed using
the Quantity One image analysis system.

Establishment ALF mouse model with different in-
terventions. Male C57B/6 mice weighing 18.0–22.0 g about
6–8 weeks old were purchased from Shanghai Experimental
Animal Centre (Shanghai). All mice were housed in a
temperature-controlled and humidity-controlled room under
specific-pathogen-free (SPF) conditions. Animal experiments
were approved by the Ethics Committee of Zhejiang University.
Eighty-four C57BL/6 mice were randomly divided into six groups:

control group, ALF model group, MenSCs transplantation group,
TLR4 inhibitor group, MenSCs transplantation + A2AR agonist
(CGS21680) group, and A2AR agonist (CGS21680) group. There
were 14 mice in each group, of which eight were used to establish sur-
vival curves. Except mice in the control group that were treated with
phosphate-buffered saline (PBS), mice in other groups were intraperi-
toneally injected with 800 mg/kg D-galactosamine (D-GalN) and
50 μg/kg LPS to induce ALF model. The other interventions were
treated according to different groups. Specifically, TLR4 groups ac-
cepted 3 mg/kg TLR4 inhibitor injection 1 h before induction of
ALF; 2 mg/kg A2AR agonist, CGS21680 (R&D Systems), was
injected 1 h after induction of ALF for A2AR agonist alone and
A2AR agonist plus MenSCs transplantation groups; and 300 μl of a
1.0 × 107/ml of freshly isolated MenSCs cell suspension was injected
1 h after induction of ALF for all MenSCs-related groups (Table 1).
All treatments were through tail vein.
After the sacrifice, blood was drawn from the sub-hepatic vena

cava. Serum was extracted from blood and was stored at �80°C
until use. Moreover, a portion of the liver tissue samples was im-
mediately placed in liquid nitrogen for proteins and RNA extrac-
tion; another part of the liver tissue was used for hematoxylin–
eosin staining.

Liver histopathological hematoxylin–eosin stain-
ing and quantitative determination of ALT and
AST in serum. According to standard protocols, liver sections
were stained with hematoxylin and eosin solutions and mounted.23

Then placed under a light microscope to observe histological
changes. Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) kits (Nanjing Jiancheng Biotechnology Re-
search Institute) were used to quantify serum ALT and AST
levels according to the manufacturer’s instructions. The amounts
of ALT and AST were determined according to a standard curve.

Flow cytometry. The fresh spleen was removed from mice
and spleen lymphocytes were separated with Lymphocyte
Separation Medium Kit (TBDscience, Tianjin, China). After
obtaining spleen-derived lymphocytes, Treg and Th17 cells were
analyzed by flow cytometry. To analyze Treg cells, the isolated
lymphocytes were incubated with anti-mouse CD4 FITC (Thermo
Fisher Scientific) and CD25 APC (Thermo Fisher Scientific) anti-
bodies, and then stained with anti-mouse Foxp3 PE antibody
(Thermo Fisher Scientific). To analyze Th17 cells, the isolated
lymphocytes were first incubated with anti-mouse CD4 FITC
and then incubated with anti-mouse IL-17 PE (Thermo Fisher
Scientific). Cells were analyzed using a BD FACS Calibur flow
cytometer (BD Bioscience, CA, USA). The percentage of cells
was analyzed by FLOWJO software (USA).

Statistical analysis. All experimental data were expressed
as mean ± standard deviation. Continues data were compared by
independent Student t test. The comparisons between multiple
groups were performed by one-way ANOVA, and pairwise
comparisons between groups were run by Tukey HSD method
with SPSS 19.0. Survival analysis was calculated by Kaplan–Meier
survival curve with log–rank test. P < 0.05 was considered
statistically significant. Graphs were drawn using GRAPHPAD

Prism (version 5.0 for Windows).

Results

MenSCs attenuated LPS-induced inflammatory cy-
tokines in RAW264.7 cells. As shown in Figure S1, LPS
induced a significant increase of IL-6, IL-1β, and TNF-α at both
protein and mRNA levels in LPS-treated RAW264.7 cells
compared with negative control. MenSCs co-culture significantly
attenuated LPS-induced these elevations. In the other hand, when
LPS was added into TLR4 inhibitor pretreated RAW264.7 cells,
the increase of inflammatory cytokines was also significantly
inhibited to some extent.

Table 1 The interventions for various groups

Group Intervention*

Control group PBS PBS PBS PBS
Model group PBS LPS/D-GalN PBS PBS
MenSCs group PBS LPS/D-GalN PBS MenSCs transplantation
TLR4 inhibition TAK242 LPS/D-GalN PBS PBS
MenSCs + A2AR agonist group PBS LPS/D-GalN CGS21680 MenSCs transplantation
A2AR agonist group PBS LPS/D-GalN CGS21680 PBS

Note: *All the intervention was added sequentially and PBS was applied as negatives.
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MenSCs reduced LPS-induced TLR4 mediated
PI3K/Akt/mTOR/IKK expression in RAW264.7
cells. The result indicated that TLR4 and nuclear phosphory-
lated NF-κBp65 (p-NF-κBp65) significantly increased in
LPS-induced inflammatory status cells (Fig. 1). MenSCs signifi-
cantly reduced LPS-induced elevation of TLR4 and nuclear
p-NF-κBp65. Similar results were observed in pretreatment of
TLR4 inhibitor. Then, as shown in Figure 2, LPS treatment signif-
icantly increased PI3K and phosphorylated Akt (p-Akt), p-mTOR

and p-IKK proteins, whereas those proteins were significantly de-
creased in the MenSCs co-culture group, and similar results were
observed in the TLR4 inhibitor pretreatment group.

The effect of MenSCs on survival and liver injury in
ALF mouse model. The Kaplan–Meier plot indicated a sig-
nificant difference of overall survival rate among those six groups
(Fig. S2, P < 0.001). The survival analysis showed mice in ALF

Figure 1 Effect of menstrual blood-derived mesenchymal stem cells (MenSCs) on TLR4 and p-NF-κBp65 protein expression in RAW264.7 cells. (a)
Typical image of Western blot. (b) Relative intensity of TLR4 protein. (c) Relative intensity of p-NF-kB-p65 protein. Data are expressed as mean ± SD. *
Indicates P < 0.05 between the control group and the lipopolysaccharide (LPS) model group; # indicates P < 0.05 between the LPS model group and
the other treatment groups.

Figure 2 Effect of menstrual blood-derived mesenchymal stem cells (MenSCs) on PI3K/Akt/mTOR/IKK signaling molecules in RAW264.7 cells after
treatment of lipopolysaccharide (LPS). (a) Typical graph of the results of Western blot. (b–e) Relative intensity of PI3K, pAKT, pmTOR, and pIKK protein,
respectively. Data are expressed as mean ± SD. * Indicates P < 0.05 between the control group and the model group; # indicates P < 0.05 between
the LPS model group and the other treatment groups.
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model were died after 7 h. With MenSCs treatment, 20% of mice
were alive 16 h after ALF establishment. Moreover, there were
50% of mice still alive after transplantation of MenSCs and injec-
tion of A2AR agonist, while with injection of A2AR agonist
alone, only 10% mice survived after 16 h with injection of
LPS/D-GalN.
Liver injury level was shown in Figure 3. There was a signifi-

cant destruction of liver lobule of mice in all groups except con-
trol. However, destruction of liver lobule in MenSCs plus A2AR
agonist group was minimal (Fig. 3a–f). Serum ALT and AST
levels were significantly elevated after injection of LPS/D-GalN
compared with the control. MenSCs transplantation alone, TLR4
inhibitor, MenSCs plus A2AR agonist, and A2AR agonist alone
all significantly attenuated ALT and AST levels to various levels.
Moreover, the most significant reduction of ALT and ASTwas ob-
served in mice of MenSCs plus A2AR agonist group (Fig. 3h,i).

The effect of MenSCs on inflammatory cytokines
and TLR4 mediated PI3K/Akt/mTOR/IKK pathway
in ALF model. As shown in Figure 4, the serum and mRNA
expression of IL-6, IL-1β, and TNF-α were significantly increased
after injection of LPS/D-GalN compared with that in control. All
the groups with different interventions significantly decreased
these changes in ALF model, while the most significant reduction
was observed in the treatment of MenSCs plus A2AR agonist.
Moreover, elevation of TLR4 and nuclear p-NF-kB-p65 were ob-
served in the ALF mice (Fig. 5a,b), and significant reduction in
various levels were observed in all other intervention groups.
The most significant changes were identified in MenSCs plus
A2AR agonist treatment group. In the meantime, TLR4 mediated
pathway-related proteins, including PI3K, p-Akt, p-mTOR, and
p-IKK were also significantly elevated in the ALF model, whereas
all treated groups could attenuate those changes with the most

Figure 3 Histological evaluation of liver sections by hematoxylin and eosin staining and liver transaminase expression in serum in acute liver failure
(ALF) mice model. (a–f) Liver histological image from the control group, model group, menstrual blood-derived mesenchymal stem cells (MenSCs)
group, TLR4 inhibitor group, MenSCs + A2AR agonist group, and A2AR agonist alone group, respectively. (h,i) Serum expression of alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) in different groups. Data are expressed as mean ± SD. * Indicates P < 0.05 between control group
and ALF model group; # indicates P < 0.05 between ALF model group and other treatment groups; △ indicates P < 0.05 between MenSCs + A2AR
agonist group and other groups.
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significance observed in MenSCs plus A2AR agonist group
(Fig. 5c,d).

The effect of MenSCs on the Treg and Th17 cells.
The spleen was isolated from the mice in different treatment
groups to further analyze immune system involvement in these
treatments. There was a significant decrease in Treg cells but an in-
crease in Th17 cells in the ALF model group (Fig. S3). All the
treatments groups respectively significantly increased Treg cells
and significantly decreased Th17 cells. Among these interven-
tions, the treatment of MenSCs and A2AR agonist had the most
significant regulatory effect.

Discussion
With in vitro assays, we found that MenSCs co-culture with
RAW264.7 cells significantly attenuate the increases in inflamma-
tory cytokines, which is consistent with other investigations.24 Our
in vitro findings indicated that MenSCs may attenuate the
LPS-induced inflammation via regulation of TLR4 mediated
PI3K/Akt/mTOR/IKK pathway. A previous study has found that
BMMSCs can inhibit the TLR4/NF-κB pathway and then attenu-
ate the inflammatory effects on human umbilical vein endothelial
cells and alveolar macrophages.25 Another study demonstrated
that MenSC-derived exosome may alleviate the ALF through
anti-apoptotic effect, which partially supported our findings from
another perspective.18

With establishment of the promising underlying mechanisms of
MenSC-induced improvement of ALF in vitro, we further
established an ALF mouse model to explore whether the above
mechanism available in vivo. Previous studies have indicated that
the MSCs treatment is often unsatisfactory due to internal environ-
mental disorders, inflammatory reactions, and endotoxemia.26

Therefore, how to improve the curative effect of MSCs transplan-
tation has become another hot issue for liver diseases treatment. A
study indicated that a combination of A2AR agonist and
BMMSCs can enhance the therapeutic effect of MSCs transplanta-
tion on hepatic fibrosis.21 A2AR is expressed on a variety of cell
surfaces, including liver cells, macrophages, and other
ALF-related immune cells. Activation of A2AR plays an impor-
tant role in anti-inflammatory and immune regulation in a variety
of diseases.19,20 Therefore, in the current study, an A2AR agonist
and MenSCs were simultaneously as well as alone employed for
the treatment of ALF. The results showed that mice received com-
bination of MenSCs, and A2AR agonist revealed the best out-
comes compared with others, such as liver injury and OS.
Therefore, A2AR agonist may enhance the curative effect of
MenSCs transplantation on ALF.

The activation of the immune system and its cascade-like re-
sponse to inflammation may play a key role in the ALF progres-
sion, and the liver damage caused by mainly T lymphocytes.27

Specifically, Th17 cells can express corresponding
pro-inflammatory factors such as IL-17, IL-6, and TNF-α and play
an important role in immune activation and pro-inflammatory
response.28,29 In contrast, Treg cells exhibit negative immunomod-
ulatory and anti-inflammatory effects, and they express
anti-inflammatory cytokines such as TNF-β and IL-10.30 Corre-
spondingly, an important mechanism of MSCs for ALF treatment
is the regulation of Th17 and Treg cells.8 In our findings, ALF
showed a significant Treg/Th17 ratio imbalance, which was
closely related to their prognosis, so rebuilding a suitable
Treg/Th17 ratio may ease the progress.31,32 In our findings, the
Treg/Th17 ratio in MenSCs group was close to the control group,
indicating that ALF significantly improved. In addition, A2AR ag-
onists can enhance the regulatory effect of MenSCs on ALF.

The potential mechanism of synergic effect of A2AR activation
and MenSCs in ALF treatment is still unclear. The previous study
found that the immune imbalance and excessive inflammatory
response in the ALF may inhibit MSCs and even cause their
apoptosis.26 A2AR activation can improve the internal environ-
ment by regulating immune cells, such as causing local neutrophil
reduction, and inhibiting inflammation in ALF mice.33

Figure 4 Serum IL-6, IL-1β, and TNF-α and corresponding mRNA ex-
pression in various mice groups. (a,d) IL-6 in serum and mRNA, respec-
tively. (b,e) The amount of IL-1B in serum and mRNA, respectively. (c,f)
The levels of TNF-α in serum and mRNA, respectively. Data are
expressed as mean ± SD. *P < 0.05 between control group and acute
liver failure (ALF) model group; #P < 0.05 between ALF model group
and other treatment groups; △ P < 0.05 between menstrual
blood-derived mesenchymal stem cells (MenSCs) + A2AR agonist group
and other groups.
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Specifically, A2AR activation can increase the proportion and en-
hance the negative immune suppression function of Treg.34 In ad-
dition, after A2AR activation, cAMP response element binding
protein (CREB) is phosphorylated and has a competitive inhibi-
tory effect with NF-κBp65 in the nuclear because it shares the
same co-factor CBP. In this way, it may inhibit cytokine release
and inflammatory responses.35 Besides, A2AR activation also
may inhibit the activation of IKK, a key enzyme of NF-κB activa-
tion, to attenuate inflammation,36 or further inhibit NF-κB activity
via inhibiting Akt.37 Additionally, A2AR activation may directly
inhibit TLR4 expression.38 Taken our findings into consideration,
we speculated the synergic therapeutic effect of A2AR activation
and MenSCs may have through the inhibition of TLR4/NF-κB

pathway as well as the regulation of other immune cells, such as
Treg and Th17 (Fig. 6). The detailed mechanisms required to fur-
ther investigate in future.
In summary, this study demonstrates that MenSCs may reduce

the expression of p-NF-κBp65 in the nucleus by inhibiting the
TLR4-mediated PI3K/Akt/mTOR/IKK pathway on ALF. In
addition, MenSCs may regulate Th17 and Treg immune cells
and finally achieves the result of relieving ALF. At the same
time, our study also found that A2AR activation can enhance
the therapeutic effect of MenSCs. Furthermore, our findings
demonstrate a potential treatment for ALF in future, that is, the
MenSCs-derived exosomes may be infused into ALF patients
with A2AR.

Figure 5 TLR4, p-NF-κBp65, and PI3K/AKT/mTOR/IKK pathway-related proteins expression in various mice groups. (a) typical image of Western blot.
(b,c) Relative intensity of TLR4 and p-NF-kB-p65 protein. (c) typical graph of the results of Western blot. (d) Relative intensity of PI3K, pAKT, pmTOR,
and pIKK, respectively. Data are expressed as mean ± SD. * Indicates P < 0.05 between control group and acute liver failure (ALF) model group; #
indicates P < 0.05 between ALF model group and other treatment groups; △ indicates P < 0.05 between menstrual blood-derived mesenchymal stem
cells (MenSCs) transplantation + A2AR agonist group and other groups.
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Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Expression of IL-6, IL-1β and TNF-α in RAW264.7
cells after treatment of LPS. A and D represent histogram of
IL-6 protein and mRNA respectively. B and E display the amount
of IL-1B protein and mRNA respectively. C and F indicate the
levels of TNF-a protein and mRNA respectively. Data are
expressed as mean ± SD. * Indicates P < 0.05 between the control
and other treatments; # indicates P< 0.05 between LPS model and
other treatment groups.

Figure S2. The KM plot of the overall survival rate among those 6
groups, including control group, ALF model group, MenSCs
transplantation group, TLR4 inhibitor group, MenSCs transplanta-
tion + A2AR agonist (CGS21680) group, and A2AR agonist
(CGS21680) group.

Figure S3. Spleen profile of the CD4 (+) CD25 (+) FoxP3 (+)
Treg cells and CD4 (+) IL17 (+) Th17 cells in mice model. A
shows flow cytometry pictures of Treg cells and panel C displays
scatter profile of Treg cells in different groups. B represents flow
cytometry pictures of Th17 cells and panel D indicates scatter pro-
file of Th17 cells. Data are expressed as mean ± SD. * Indicates
P < 0.05 between the control group and the ALF model group;
# indicates P < 0.05 between the ALF model group and the other
treatment groups; △ indicates P < 0.05 between the MenSCs +
A2AR agonist group and the other groups.

Table S1. RT-qPCR primers sequence. [Correction added on 15
April 2021, after first online publication: Table S1 caption has
been amended]
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