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Abstract
Background Autoimmune hepatitis (AIH) is serious autoimmune liver diseases that threaten people’s
health worldwide, emphasizing the need to identify novel treatment. Stem cells from human exfoliated
deciduous teeth (SHED), which is easy to obtain and non-invasive, showed pronounced proliferation and
immunomodulation capacity. This study aims to investigate the effect of SHED on ConA-induced AIH and
the potential underlying mechanisms.

Methods: We used a concanavalin A (ConA) induced acute hepatitis mouse model and in vitro co-culture
system to study the protective effects of SHED on ConA-induced autoimmune hepatitis and the
underlying mechanisms.

Results: SHED infusion could prevent aberrant histopathological architecture of liver with in�ltration of
abundant of CD3+, CD4+, TNF-α+ and IFN-γ+ in�ammatory cells induced by ConA. The expression of ALT
and AST which indicated the liver function signi�cantly elevated in hepatitis mice. While SHED infusion
could block the elevation of ALT and AST induced by ConA. Mechanistically, Con-A upregulated TNF-α
and IFN-γ expression activated NF-κB pathways to induced hepatocyte apoptosis, resulting in acute liver
injury. SHED administration protected hepatocytes from Con-A-induced apoptosis. 

Conclusions: These results demonstrated that SHED alleviated ConA-induced acute liver injury via
inhibition of hepatocyte apoptosis mediated by the NF-κB pathways. Our �ndings could provide a
potential prevention and therapeutic strategy for hepatitis and acute hepatic injury.

Introduction
Autoimmune hepatitis (AIH) is an immune-mediated liver in�ammatory disease that has a variety of
clinical manifestations, including occult onset without any symptoms, acute onset and even acute liver
failure[1]. The course of AIH can undulate, which may start from acute hepatitis, leading to �brosis,
cirrhosis, liver transplantation, and even death in a short period of time[2, 3]. The therapeutic aim of
autoimmune hepatitis is to alleviate the state of liver in�ammation and prevent �brosis. Generally, the
treatment of AIH requires long-term or even lifelong use of immunosuppressants, which may cause
serious side effect. 10%-20% of AIH patients are not sensitive to immunosuppressant treatment and can’t
be well controlled even after treatment, who will develop to end-stage cirrhosis[4, 5]. AIH is becoming a
worldwide health problem, which highlights the need to explore alternative treatment strategy.

As mesenchymal stem cells (MSCs) have multi-lineage differentiation and immunomodulation properties,
stem cells therapy for in�ammation related diseases have attracted more attention recently. It has
reported that MSC infusion could be alleviate a variety of diseases such as autoimmune disease, nerve
injury, spinal cord injury and diabetes[6]. Previous studies have shown that injection of bone marrow
mesenchymal stem cells (BMMSCs), adipose mesenchymal stem cells and tonsil derived stem cells can
alleviate the autoimmune hepatitis induced by ConA in mice [7–9]. However, the limited sources of
BMMSCs have greatly narrowed their therapeutic applications. Stem cells from human exfoliated
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deciduous teeth (SHED) was found in the pulp of deciduous teeth, which showed more pronounced
proliferation and immunomodulation capacity compared to BMMSCs[10, 11]. Yamaza also reported that
the spleen transplantation of SHED signi�cantly improved CCl4 induced cirrhosis, in�ammation and
�brosis of rats[12]. SHED was also reported to differentiate into hepatocytes in vitro,indicating that SHED
maybe the proper stem cells for treat hepatitis[13]. In view of the above effects of SHED, we wonder
whether the non-traumatically collected stem cells-SHED can block the occurrence of autoimmune
hepatitis.

Concanavalin A (ConA), from the jack bean Canavalia ensiformis, could bound to sugar residues on the
surface of multiple cell types[14, 15]. It has been reported that AIH induced by ConA has the same
pathogenicity and histopathological characteristics in accordance with AIH. ConA can induce hepatocyte
damage by activating in�ammation cytokines produced by macrophages and T cells. It has reported that
the in�ammatory cytokines such as interleukin-2 (IL-2),IL-6 tumor necrosis alpha (TNF-α) and interferon
gamma (IFN-γ) play important role during the process of acute hepatitis[16–18]. Therefore, the previous
studies used drugs to down regulate the relevant pro-in�ammatory factors through different channels
(TRADD/TRAF2 JAK2/STAT, ROS, PI3K and JNK), so as to achieve the purpose of reducing liver damage
and treating AIH[19–21]. However, the effect of these drugs is limited in some phenomena, and its exact
mechanism needs more studies. SHED have showed profound immunomodulatory ability to inhibit T
lymphocyte proliferation and anti-in�ammation in vitro and in vivo[22]. Whether SHED infusion could
block the acute in�ammation caused by ConA need to be further investigated.

Here, we explored the effects of SHED on ConA-induced AIH in mice, as well as the potential underlying
mechanisms. The results showed that SHED infusion alleviated ConA-induced acute liver injury via
inhibition of hepatocyte apoptosis mediated by the NF-κB pathways.

Materials And Methods
Animals and treatment

Male Balb/c mice (6–8 weeks old, 23 ± 2 g) were purchased from Vital River Laboratory Animal
Technology (Beijing Vital River Laboratory Animal Technology, China). Mice were randomly assigned to
three groups: control group (n = 10); ConA group (n = 10); intravenous injections with 20 mg/kg ConA (20 
mg/kg weight, Sigma, USA); SHED+ConA group (n = 10); intravenous injections with SHED cell (1x106) 7d
prior to ConA challenge. After injection of ConA for 24 h, the mice were scari�ed for further analysis
(Fig.1a). The protocols were approved by the Animal Care and Use Committee of the Health Science
Center, Peking University (# 2015‐186).

Biochemical assay

Mice serum was collected for the in�ammatory cytokine, ALT and AST analysis. The levels of ALT and
AST were evaluated by the transaminase kit according to the manufacturer's instructions (Nanjing
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Jiancheng Bioengineering Institute, Nanjing, China). TNF-α and IFN-γ levels were measured using ELISA
kits according to the manufacturer's instructions ebioscience, USA [19].

Immunohistochemistry

For immunohistochemistry, the sections were dewaxed with xylene, treated with gradient concentration of
ethanol, washed with deionized water, followed by heated with a microwave in 10mmol / L sodium citrate
(PH 6), added with 0.05% Tween 20, then blocked for 1 hour with 5% BSA and 0.1% Triton X-100 in PBS.
Anti-CD3 (1:100), anti-CD4(1:100), anti-total caspase3 (1:100), anti TNF-α (1:100), anti IFN-γ (1:100) and
anti NF-κB (1:400) were incubated overnight at 4 ℃. After washed three times, The sections were
incubated with secondary antibody at room temperature for 1h, and observed under microscope (Leica,
Wetzlar, Germany). The positive area was measured with Image-Pro Plus software 6.0 (Media
Cybernetics, Silver Spring, MD, USA).

Immuno�uorescence

After washed in PBS for 5 min, the frozen sections of tissues were treated with 0.1% Triton to rupture the
membranes at room temperature for 30 min, and non-speci�c antigen binding site was blocked by 5%
BSA. Rabbit anti-total caspase3 (1:100), anti-pNF-κB (1:400) and anti-NF-κB (1:400) were incubated
overnight at 4 ℃.   Nuclear staining was performed by DAPI (Vector Lab, Burlingame, CA)mounting
medium after incubated with secondary antibody for 1h. All sections were observed with Zeiss
�uorescence microscope (Zeiss, Thornwood, NY).

Cell culture and treatment

Murine liver cell line NCTC-1469 cells were purchased from the Institute of Biochemistry and Cell Biology,
Chinese Academy of Science (Shanghai, China). Stem cells from human exfoliated deciduous teeth
(SHED) cells were provided by Oral stem cell bank (Beijing, China) and isolated as previously reported[10].
NCTC-1469 cells were cultured in DMEM supplemented with 10% fetal bovine serum (FBS), 100 U/mL
penicillin, and 100 U/mL streptomycin. SHED cells were cultured in α-MEM supplemented with 15% fetal
bovine serum (FBS), 100 U/mL penicillin, and 100 U/mL streptomycin. NCTC cells (2 × 105 cells/well, 2
mL/well) were cultivated in 6-well plates and incubated with ConA of different concentrations(10 20 50
80 100μg/ml), which were studied in cell proliferation by cell counting. Then we selected the appropriate
treatment concentration (50μg/ml). In order to study whether SHED cells can inhibit the death of NCTC
cells caused by ConA in vitro. PKH26 labeled NCTC-1469 cells were inoculated into 6-well plates with
density of 2 × 105cells/mL for 12 h. Then the cells were cultured with 50μg/ml Con A and SHED cells (1 ×
105 cells/well) for 24h. The cells on the slide were �xed and observed with Zeiss �uorescence microscope
(Zeiss, Thornwood, NY).

Determination of apoptosis and DNA damage

https://www.sciencedirect.com/topics/medicine-and-dentistry/dapi
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Apoptosis in liver tissues was detected by Terminal dUTP nick-end labeling (TUNEL) staining. The
para�n-embedded sections were depara�nized and digested with 20 μg/mL proteinase K for 30 min at
room temperature. After washed with PBS, the slices were incubated with the TUNEL reaction overnight at
4°C, followed by incubation with rabbit anti-mouse �uorescein isothiocyanate, and DAPI for nuclear
labeling. The TUNEL+ cells were observed and counted in at least three different �elds per section.

For the in vitro study NCTC1469 cells were inoculated in 6-well plates at a density of 2 × 105cells/well,
followed by the addition of ConA (50 μg/ml) and SHED cell (1 × 105 cells/well). After 24 hours of culture,
the cells were collected, washed with PBS, and stained with Annexin V apoptosis detection kit. Flow
cytometry was used to observe the �uorescence of cell. The cells on the slide were �xed and then
immuno�uorescence staining was used to determine the expression of apoptosis. After incubation in
blocking buffer, cells were incubated with anti–caspase3 (1:400) overnight at 4°C, followed by incubation
with goat anti-rabbit �uorescein isothiocyanate. Nuclear staining was performed by DAPI. The sections
were observed with Zeiss �uorescence microscope (Zeiss, Thornwood, NY).

Result
SHED moderated ConA-induced acute liver injury in mice

To analyze the effects of SHED infusion to autoimmune hepatitis induced by Con A, we infused the SHED
cells (1×106) 7 days prior to Con A injection (Fig.1a). The results showed that pretreatment of SHED
infusion signi�cantly inhibited transaminase (ALT and AST) release of AIH (Fig.1b,1c). Anatomical and
histological examinations, which were used to estimate the liver injury, showed that the structure of liver
lobule and the arrangement were aberrant with in�ammatory cells in�ltration and massive necrotic areas
in the hepatitis group. Infusion of SHED could signi�cantly restore the structure of liver and reduce
in�ammatory cells in�ltration (Fig.1d,1e). The results showed that SHED infusion demonstrated
protective effect on acute liver injury.

SHED-pretreatment reduced in�ammation in ConA-induced hepatitis

T cell mediated immune response plays a crucial role in the occurrence and development of autoimmune
hepatitis. We further explored the underlying mechanism by analyzing the T cells in�ltration and they
mediated the in�ammation. The results showed that the number of CD3+and CD4+T cells in the liver
tissues of mice in ConA group was signi�cantly higher than that in control group, and that SHED
pretreatment was markedly reduced the number of CD3+and CD4+T cells (Fig.2a-2c). Hepatitis is
associated with changes in the levels of in�ammatory cytokines. TNF-α and IFN-γ were signi�cantly
increased in the ConA-treated group, while pretreatment with SHED cells signi�cantly reduced the ConA-
induced increase of TNF-α and IFN-γ expression in liver tissues (Fig.2d-2f). In addition, biochemical assay
was used to detect the level of TNF-α and IFN-γ in mouse serum, which are consistent with the results of
in the liver tissues (Fig.2g,2h). These results showed that SHED played an immunomodulatory role in AIH
mice, which alleviated liver tissue damage by inhibiting the activation of Th1 cell mediated in�ammation.

https://www.sciencedirect.com/topics/medicine-and-dentistry/fluorescein-isothiocyanate
https://www.sciencedirect.com/topics/medicine-and-dentistry/fluorescein-isothiocyanate
https://www.sciencedirect.com/topics/medicine-and-dentistry/dapi
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SHED-pretreatment inhibited apoptosis of hepatocytes induced by Con A

As ConA could induce hepatocyte damage, we analyzed whether ConA treatment affected the liver cells
apoptosis. The results showed that ConA group showed more apoptosis of liver cells, and SHED
signi�cantly reduced the trend of apoptosis (Fig.3a, 3b). In order to test whether SHED infusion could
protect liver cells from apoptosis, we used mouse liver cells NCTC 1469 co-cultured with SHED in vitro.
ConA treatment decreased the viability of NCTC cells in a dose-dependently manner (Figure S1a, S1b).
NCTC cells were stimulated with ConA at concentration of 50 μg/mL for 24 h, then co-cultured with SHED
to analyze the protective effect of SHED. The data showed that pretreatment with SHED considerably
increased the viability of NCTC cells which inhibited by ConA treatment (Figure S1c, S1d). To verify the
effects of SHED, NCTC cells were labeled with PKH26 and co-cultured with SHED, the results showed that
PKH26 labeled NCTC cells signi�cantly decreased after ConA treatment, while SHED co-culture could
block the decrease of live PKH26 labeled NCTC cells (Fig.3c,3d). Furthermore, �ow cytometry showed
ConA treatment induced a remarkable (Annexin-V+PI- and Annexin-V+PI+) cell apoptosis, which could be
blocked by SHED pretreatment (Fig.3e,3f,3g). Caspase3 is one of the most important end shear enzymes
in the process of apoptosis, we found that the expression of Caspase3 were upregulated in ConA treated
NCTC cells, while SHED co-culture decreased the up-regulated expression of caspase3 by ConA treatment,
as assessed by immuno�uorescence staining (Fig.4a,4b). Furthermore, we found the number of
caspase3+ cells were also increased in the liver of ConA induced-hepatitis mice. SHED pretreatment could
block the increase of caspase3+ cells in liver. (Fig.4c,4d). These results indicated that SHED infusion
could protect hepatocytes from apoptosis induced by ConA.

SHED infusion inhibited the NF-κB signaling pathway in ConA-induced hepatitis

The in�ammatory cytokines TNF-α and IFN-γ were elevated in ConA induced hepatitis, as NF-κB pathway
played crucial in these cytokine mediated in�ammation[23].We analyzed the NF-κB pathway and found
that the number of NF-κB (Fig5a,5b) and p-NF-κB (Fig5c,5d) positive cells were signi�cantly increased in
the ConA-treated group and signi�cantly decreased in the SHED cell-pretreated groups. In addition, the
results of immunohistochemical staining were consistent with immuno�uorescence staining (Fig5e,5f). It
suggested that SHED cells treatment might ameliorate liver injury in ConA-induced hepatitis in partly
through the NF-κB pathway.

Discussion
Autoimmune hepatitis (AIH) is an immune-mediated in�ammatory disease of the liver with increasing
incidence and mortality rate, which can exist in acute or chronic forms. It is characterized by the elevation
of serum transaminase and immunoglobulin G levels and positive circulating autoantibody [24]. Here we
found that pretreatment with SHED 7 days showed protective effects for ConA induced hepatitis to
restore the liver structure and reduce the level of serum transaminase. Studies have reported several
MSCs could partially alleviate the hepatitis induced by ConA in mice when infusion MSCs with ConA at
the same time[8, 9]. Here, we �rstly reported that pretreatment with SHED group showed protective effects
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for acute hepatitis. As ConA induced hepatitis progressed rapidly, it caused more than 50% mice death
without intervention in 24 hours (data was not shown). The phenomenon suggests that the earlier
infusion of SHED may bene�t for the treatment of acute hepatitis using stem cells. SHED is derived from
the pulp of deciduous teeth, which is easy to obtain and non-invasive[25]. These data indicated the
pretreatment with SHED maybe one alternative strategy to prevent and treat severe acute hepatitis and
liver injury.

TNF-α and IFN-γ secreted by T cells play important roles in in�ammatory response[26]. Previous studies
have shown that mice pretreated with TNF-α inhibitors or anti TNF-α antibodies can reduce ConA induced
hepatitis[27]. TNF-α and IFN-γ knockout mice could not be induced liver damage after ConA
stimulation[26–28]. It’s reported that SHED possessed superior anti-in�ammatory effects compared to
BMMSCs[29]. In this study, the number of CD3+ and CD4+T lymphocytes in the liver was decreased by
injection of SHED, so as to inhibit the in�ammatory factors produced by Th1 cells, and down regulate the
expression of TNF-α and IFN-γ in the liver tissues and peripheral blood. In vitro, we found that SHED can
reverse the decrease of Con-induced liver cells, and then we studied its effect on the apoptosis of liver
cells. The results indicated that SHED could reverse liver cells apoptosis induced by ConA. Several
pathways, such as NF-κB, Fas/FasL,JNK, MAPK and ROS, play crucial roles in cell apoptosis[30–32].
Based on the signi�cant protective effects of SHED, we explored the potential underlying mechanisms of
SHED against ConA induced apoptosis. The results showed that pretreatment with SHED could
effectively inhibit the phosphorylation of p65, suggesting that SHED might inhibit the activation of NF-κB
by reducing the expression of TNF-α and IFN-γ, thus protecting mice from the invasion of AIH [32–
35].Since apoptosis may also be regulated by death receptor or mitochondrial pathway, caspase family
needs to be activated in both cases [36, 37]. The results showed that SHED may block the activation of
caspase3 to inhibit the external apoptosis (Fig. 6). However, the details of the mechanism and whether
our signaling contributed to the protective effects of SHED to ConA induced hepatitis needs to be further
investigated.

Conclusions
In summary, the results showed that the SHED exhibited protective effects in a ConA-induced mouse AIH
model. SHED treatment could inhibit the activation of Th1 cells and reduce the secretion of TNF-α and
IFN-γ to inhibit the activation of NF-κB pathway induced by ConA, so as to reduce the apoptosis of
hepatocytes and the in�ammatory damage of liver. Our results suggested that SHED could be used as a
potential preventing and therapeutic strategy for acute hepatitis and liver injury.
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Abbreviations

α-MEM Minimal essential medium-alpha

AIH: Autoimmune hepatitis

ALT: Alanine aminotransferase

AST: Aspartate aminotransferase

BMMSCs: Bone marrow mesenchymal stem cells

CCl4: Carbon tetrachloride

ConA: Concanavalin A

DAPI:4',6-Diamidino-2-phenylindole

DMEM: Dulbecco’s modi�ed Eagle’s medium

FasL: Fas ligand

FBS: Fetal bovine serum

IL: Interleukin

IFN-γ: Interferon gamma

JAK: Janus-family tyrosine kinase

JNK: Jun N-terminal kinase

MAPK: Mitogen-activated protein kinase

MSCs: Mesenchymal stem cells

NCTC 1469 :normal liver cells

NF-κB: nuclear factor kappa B

PBS: Phosphate-buffered saline

PDLSCs: Periodontal ligament stem cells

PI3K: Phosphoinositide 3 kinase

ROS: Reactive oxygen species
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SHED: Stem cells from human exfoliated deciduous teeth

STAT: Signal transducer and activator of transcription

TNF-α: Tumor necrosis alpha

TRADD: TNF receptor-1-associated death domain protein

TRAF: TNF receptor-associated factor

TUNEL: Terminal dUTP nick-end labeling
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Figure 1

SHED-pretreatment moderated ConA-induced acute liver injury in mice. a Mice were subjected to
intravenous injections with SHED cell (1x106) 7d prior with Con A (20mg/kg) challenge. After injection for
1d, mice were scari�ed. b The level of serum ALT. c The level of serum AST. d Anatomical examinations
and HE staining showed necrotic area in three groups. The arrows indicate massive cell death in the liver
section. e The percentage of liver tissue necrotic areas. scale = 200 μ M (d), * * *, P < 0.001, * *, P < 0.01, *,
P < 0.05, ns showed no statistical difference (mean ± SD), n ≥ 3(b, c, e).
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Figure 2

SHED-pretreatment reduced in�ammation in ConA-induced hepatitis. a The expression of CD3+, CD4+ T
cells in the liver tissues. b Quantitative analysis showed the number of CD3+ T cells. c Quantitative
analysis showed the number of CD4+ T cells. d The expression of TNF-α and IFN-γ in the liver tissues. e
Quantitative analysis showed that the number of TNF-α+ cell. f Quantitative analysis showed that the
number of IFN-γ+ cell. g The level of serum TNF-α. h The level of serum IFN-γ. The arrows indicate
positive cell in the liver section. scale = 100 μ M (a, d), * * *, P < 0.001, * *, P < 0.01, *, P < 0.05, ns showed
no statistical difference (mean ± SD),n ≥ 3(b, c, e, f, g, h).
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Figure 3

SHED-pretreatment inhibited apoptosis of hepatocytes induced by Con A. a TUNEL staining showed
apoptotic cells. b Semi-quantitative analysis showed the percent of Tunel+ area in liver tissues. The
arrows indicate positive cell death in the liver section. c NCTC-1469 liver cell number in the indicated
treatment group, NCTC cells was labeled by PKH26. d Quantitative analysis showed NCTC-1469 liver cell
number. e Apoptosis of NCTC cells were detected by �ow cytometry. f Quantitative analysis of Annexin
V+ PI- rate. g Quantitative analysis of Annexin V+ PI+ rate. scale = 100 μ M (a, c), * * *, P < 0.001, * *, P <
0.01, * , P < 0.05, ns showed no statistical difference (mean ± SD),n ≥ 3(b, d, f).
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Figure 4

SHED-pretreatment reduced caspase3 in ConA-induced hepatitis. a The expression of caspase3 protein in
NCTC cells. b Semi quantitative analysis showed that the �uorescence intensity of caspase3 protein. c
The expression of caspase3 protein in liver tissues. d Quantitative analysis showed the number of
caspase3+ cell. The arrows indicate positive cell in the liver section. scale = 100 μ M (a, c), * * *, P < 0.001,
* *, P < 0.01, *, P < 0.05, ns showed no statistical difference (mean ± SD), n ≥ 3(b, d).
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Figure 5

SHED-pretreatment reduced NF-κB in ConA-induced hepatitis. a The expression of NF-κB protein in liver
tissues. b Quantitative analysis showed the number of NF-κB + cells of protein. c The expression of pNF-
κB protein in liver tissues. d Quantitative analysis showed the number of pNF-κB+ cell. e
Immunohistochemistry showed the expression of NF-κB protein in liver tissues f Quantitative analysis
showed the number of NF-κB+ cells of protein in Immunohistochemistry. The arrows indicate positive cell
in the liver section. scale = 100 μ M (a, c, e), * * *, P < 0.001, * *, P < 0.01, *, P < 0.05, ns showed no
statistical difference (mean ± SD), n ≥ 3(b, d, f).
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Figure 6

Schema of SHED treatment for ConA- induced hepatitis. In ConA-induced acute liver injury, TNF-α and
IFN-γ activated the NF-κB and caspase3 to induce hepatocyte apoptosis. SHED alleviated ConA-induced
acute liver injury via inhibition of hepatocyte apoptosis mediated by the NF-κB pathways.
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