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Abstract
Objective

It was to evaluate the anti-in�ammatory effect of ursodeoxycholic acid (UDCA) on concanavalin A
(ConA)-induced immune hepatitis in mice and determine the molecular mechanism.

Methods

Female C57BL/6J mice were randomly classi�ed into Control, ConA, and ConA+UDCA groups. Serum
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels were measured.
Quantitative real-time polymerase chain reaction (qRT-PCR) was applied to detect the expression of
hepatic in�ammatory factor tumor necrosis factor-α (TNF-α), and receptor-interacting protein (RIP)3
mRNA. The percentages of immune cells in liver and spleen were detected and analyzed by �ow
cytometry.

Results

UDCA decreased the serum ALT and AST levels, down-regulated the expression of cytokine TNF-α mRNA
and necroptosis marker RIP3 mRNA in the liver tissue, up-regulated the percentages of
immunomodulatory myeloid-derived suppressor cells (MDSCs) in liver and spleen tissues, and down-
regulated the accumulation of liver macrophages of mice with immune hepatitis.

Conclusions

UDCA attenuates ConA-induced hepatic in�ammation in mice by reducing the production of hepatic
in�ammatory factors, inhibiting the expression of necroptosis signal proteins in hepatocytes, down-
regulating the accumulation of hepatic macrophages, and increasing the percentage of MDSCs with
immunomodulatory properties.

Introduction
The etiology of autoimmune hepatitis (AIH) remains unclear, and its treatment mainly depends on
immunosuppressants including glucocorticoids and azathioprine. Approximately 38–93% of patients
achieve remission after treatment, but 90% relapse after drug withdrawal [Hoeroldt et al. 2011, Czaja et al.
2002]. Long-term use of immunosuppressants can lead to serious side effects such as osteoporosis and
metabolic syndrome [Manns et al. 2010, Summerskill et al. 1975]. Therefore, actively exploring for new
treatments is necessary. Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid that is widely used for the
treatment of various cholestatic diseases. This substance plays an immunomodulatory role in primary
biliary cholangitis, but its liver protection and immunomodulatory effect in AIH remain unclear [Poupon
2012]. Necroptosis plays an important role in liver in�ammation and injury because it is accompanied by
the production of a good many of in�ammatory factors and the release of injury-related molecules
[Zhang et al. 2018]. Autoantibodies to hepatocytes and autoreactive T cells are produced in patients with
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AIH, leading to liver in�ammation. Owing to their immunosuppressive function, myeloid-derived
suppressor cells (MDSCs) can inhibit T cell response and have protective effects on liver injury in both
patients with AIH and mice with immune hepatitis [Diao et al. 2014, Zheng et al. 2018]. In this study, the
mouse model of immune hepatitis induced by concanavalin A (ConA) was used to evaluate the effects of
UDCA on serum transaminase, liver in�ammatory factors, necroptosis-related molecules, and percentages
of immune cells in liver and spleen. With this model, the anti-in�ammatory effect of UDCA on immune
hepatitis were determined, and the possible molecular mechanism was explored.

Materials And Methods

Experimental animals
Eighteen 6-week-old female C57BL/6J mice (Animal Certi�cate No.: 1103222011006028) weighing
20±2g were obtained from Beijing Huafukang Biotechnology Limited Company. The mice were housed in
the Animal Experimental Center of Tianjin Medical University at a room temperature 24±2°C and a
humidity 40–60% with a 12 h alternating light and dark cycle. Six mice were housed in a standard cage
and allowed to drink and eat freely. All procedures were carried out in accordance with Guide for the Care
and Use of Laboratory Animals, and the regulations of the People's Republic of China on the
Administration of Experimental Animals and the requirements of ethics and morality.

Treatments of mice with UDCA and ConA
Eighteen 6-week-old female C57BL/6J mice were randomly classi�ed into three groups each with six
mice: normal control (Control group), model (ConA group) and UDCA pretreatment (ConA+UDCA group)
groups. The mice in Control and ConA group were intragastrically administered with normal saline once a
day for 1 week. The mice in ConA+UDCA group were intragastrically administered with UDCA (50 mg/kg,
Aladdin Reagent, Shanghai) once a day for 1 week. ConA and ConA+UDCA groups were injected with
ConA solution (15 mg/kg Solarbio, China) via tail vein. After 12 hours post-ConA injection, the blood was
collected to detect the levels of serum ALT and AST by using an automatic biochemical detector. The liver
and spleen tissues were harvested and preserved in 4% tissue �xation solution, liquid nitrogen, and
precooled phosphate buffer solution (PBS) for testing.

Quantitative real-time polymerase chain reaction (qRT-PCR)
RNA was extracted from animal liver samples using the Trizol reagent (GIBCO, USA) in accordance with
the experimental procedure. Total RNA was converted into cDNA using cDNA �rst strand synthesis kit
(Beijing Tiangen Biotechnology Limited Company) following the experimental procedure. Real-time RT-
PCR was performed in a Realtime PCR apparatus. The expression quantity of genes was calculated by
2−ΔΔCt. The primer sequences used were as follows: TNF-α gene, 5′-GTGCGTCCCTTGCAGCCACT-3′
(forward) and 5′-GCAACAGCACCGCAGTA GCTGA-3′ (reverse); GAPDH gene, 5′-
CATCACTGCCACCCAGAAGACTG-3′ (forward) and 5′-ATGCCAGTGAGCTTCCCGTTCAG-3′ (reverse); RIP3
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gene, 5′-AAGTGCAGATTGGGAACTACAACTC-3′ (forward) and 5′-AGAATGTTGTGAG CTTCAGGAAGTG-3′
(reverse).

Analysis of immune cells percentage in liver and spleen by
�ow cytometry
Flow-cytometric analysis of CD45+F4/80+ macrophage and CD11b+Gr-1+MDSCs was performed using
fresh liver and spleen tissue samples following the protocol. Immediately after the mice were sacri�ced,
fresh liver and spleen tissue samples were collected in tubes �lled with PBS solution precooled at 4°C.
The tissues were cut into pieces, digested in trypsin (SIGMA, USA) at 37°C for 0.5–1 hour, ground into
homogenate, �ltered, and centrifuged. The supernatant was discarded. The cell precipitation was added
with 30% Percoll solution (Solarbio, China) and 70% Percoll separation solution. The intermediate layer
obtained after centrifugation was mononuclear cells. After being cleaned with PBS, the mononuclear cells
were re-suspended, transferred into �ow tube, and incubated with rabbit anti-mouse CD11b antibody,
rabbit anti-mouse Gr-1 antibody, rabbit anti-mouse F4/80 antibody, and rabbit anti-mouse CD45 antibody
(BD Pharmingen, USA) following the protocol. Flow Jo �ow analysis software was used for data analysis.

Statistical analysis
SPSS 21.0 software was used for statistical analysis, and the measurement data were shown as mean ±
standard deviation (±s). Independent sample T test was used for the comparison between two groups,
and P< 0.05 was considered statistically signi�cant.

Results

UDCA decreases the serum levels of ALT and AST in mice
with immune hepatitis
After a single tail vein injection of ConA, liver in�ammation and hepatocyte injury occurred in mice in a
short time. Fig. 1 shows that compared with the Control group, ConA group had signi�cantly increased
serum ALT and AST levels. Compared with the ConA group, the ConA+UDCA group had signi�cantly
decreased serum ALT and AST levels. The results show that UDCA effectively protects against ConA-
induced liver injury in mice.

UDCA improves the pathological manifestation of liver in
mice with immune hepatitis
Figure 2 shows that 12 hours after a single injection of ConA via the tail vein, the liver and spleen of mice
in ConA group became congested and swollen, and the liver granules were thickened. Under a
microscope, hepatocyte edema, in�ammatory cell in�ltration, and patchy necrosis were observed in the
liver of mice in ConA group. Only slight hepatocyte edema, in�ammatory cell in�ltration, and necrosis
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were found in ConA+UDCA group. This result con�rms that UDCA pretreatment can improve liver
in�ammation in mice with immune hepatitis.

UDCA down-regulates the expression of cytokine TNF-α mRNA and necroptosis marker RIP3 mRNA in the
liver tissue of mice

To explore the mechanisms of UDCA protection against liver injury, we detected the expression of hepatic
in�ammatory factor TNF-α and RIP3 mRNA by qRT-PCR. Compared with the Control group, ConA group
had signi�cantly increased expression levels of TNF-α and RIP3 mRNA. Compared with the ConA group,
ConA+UDCA group had signi�cantly decreased expression levels of TNF-α and RIP3 mRNA. (Fig. 3).
These results indicate that UDCA pretreatment can reduce the release of TNF-α and inhibit the expression
of signal protein in hepatocyte necroptosis pathway.

UDCA regulates immune cell in�ltration in the liver and
spleen of mice with immune hepatitis
To determine whether the protective effect of UDCA pretreatment on liver is related to MDSCs with
immunosuppressive effect, the cell percentages of CD45+F4/80+ macrophages and CD11b+Gr-1+MDSCs
in liver and CD11b+Gr-1+MDSCs in the spleen tissues of mice were detected by �ow cytometry (Fig. 4 and
Fig. 5). Compared with the Control group, ConA group had increased percentage of liver macrophages
and MDSCs in liver and spleen. Compared with ConA group, ConA+UDCA group had signi�cantly
decreased percentage of liver macrophages and signi�cantly increased percentage of MDSCs in liver and
spleen. These results show that UDCA can up-regulate the percentages of immunomodulatory MDSCs in
liver and spleen tissues and down-regulate the accumulation of liver macrophages.

Discussion
AIH is an in�ammatory lesion of the liver caused by autoantibodies to hepatocytes and autoreactive T
cells. Its etiology is still unclear and is considered to be related to genetic susceptibility and molecular
simulation. There are signi�cant differences in the response to the existing immunosuppressant therapy
and prognosis of different AIH patients. Poor response can often lead to liver cirrhosis [Gleeson et al.
2011], liver failure, and even death, hence, suitable treatment is needed. UDCA is the most hydrophilic and
least toxic bile acid formed by the isomerization of 7α-hydroxy-chenodeoxycholic acid by bacteria in the
intestine. This substance reaches the liver through enterohepatic circulation in the body and has the
functions of cholagogic, antioxidant, anti-in�ammatory, immunomodulatory, and cellular protection.
UDCA is widely used in many liver diseases, especially cholestatic diseases [Roma et al. 2011]. This bile
acid can improve the biochemical and immunological indexes of patients with AIH [Li et al. 2015], but the
speci�c mechanism is unknown.

ConA-induced liver injury in mice is currently recognized as an immune-mediated liver injury model; ConA
induces circulating T lymphocytes to converge into the hepatic sinusoid and locally proliferate, thus
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release various of cytokines and stimulating macrophages to produce TNF-α, the most important
cytokine leading to ConA-indued liver injury [Trautwein et al. 1998, Watanabe et al. 1996, Tiegs et al.
1992]. In this experiment, the serum ALT and AST levels in mice were signi�cantly increased 12 hours
after ConA was injected via the tail vein. Congestion and edema of liver and spleen were visible even to
naked eyes, and hepatocyte edema, in�ammatory cell in�ltration, and patchy necrosis were observed in
mouse liver under a microscope. These �ndings are consistent with previous reports. In UDCA-pretreated
group, the serum ALT and AST levels decreased, the congestion of liver and spleen improved, and only
slight hepatocyte edema, in�ammatory cell in�ltration, and necrosis were observed. These results con�rm
that UDCA can improve liver in�ammation in mice with immune hepatitis.

Necroptosis is regulated by signal molecules and driven by the activation of RIP1, RIP3, and MLKL. The
best initiating factor is cytokine TNF-α produced by macrophages [Galluzzi et al. 2008]. RIP3 is a key
molecule in necroptosis pathway, and its knockout blocks cell necrosis induced by LPS and TNF-α
[Kearney et al. 2014]. RIP3-mediated in�ammatory signaling pathway may be involved in the occurrence
and development of AIH and thus could be a potential therapeutic target [Zhang et al. 2018]. In this study,
the expression of TNF-α and RIP3 mRNA in liver tissue of mice with immune hepatitis induced by ConA
increased, suggesting the destruction of hepatocytes and the activation of necroptosis pathway, and this
�nding was consistent with previous reports [Trautwein et al. 1998, Deutsch et al. 2015]. UDCA
pretreatment decreased the expression of TNF-α and RIP3 mRNA in liver tissue, indicating that it can
reduce the release of TNF-α and inhibit the expression of signal protein in hepatocyte necroptosis
pathway.

MDSCs are derived from bone marrow progenitor cells and immature myeloid cells. These cells can
differentiate into mature granulocytes, dendritic cells, and macrophages and enter corresponding organs
and tissues to exert normal immune function. Under the conditions of tumor, infection, and in�ammation,
these progenitor cells fail to mature and instead become immunosuppressive MDSCs that inhibit the
activation of macrophages, T cells, B cells, and natural killer cells; activate Treg helper cells; and exert
immune regulation [Souliotis et al. 2015]. MDSCs have a protective effect on liver injury in patients with
AIH and immune hepatitis mouse models [Diao et al. 2014, Zheng et al. 2018]. Flow cytometry was used
to detect and analyze the percentages of CD45+F4/80+macrophages and CD11b+Gr-1+MDSCs in liver
tissues and CD11b+Gr-1+MDSCs in the spleen tissues of mice. The results showed that the percentages
of these immune cells increased, con�rming the in�ltration of macrophages in liver tissues. The
percentage of MDSCs in liver tissues and spleen tissues also increased in mice with immune hepatitis
induced by ConA, and this �nding was consistent with previous reports [Diao et al. 2014, Zheng et al.
2018]. The percentage of CD45+F4/80+ macrophages in liver tissues of mice pretreated with UDCA was
signi�cantly lower than that in ConA group, whereas the percentage of CD11b+Gr-1+MDSCs in liver
tissues and spleen tissues increased. These results shows that UDCA can up-regulate the percentages of
immunomodulatory MDSCs in liver and spleen tissues and down-regulate the accumulation of liver
macrophages.
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The successfully established mouse model of immune hepatitis induced by ConA con�rmed the increase
in transaminase and the release of in�ammatory cytokine TNF-α, expression of necroptosis pathway
signal protein RIP3, macrophage accumulation, and up-regulated percentages of MDSCs with
immunomodulatory properties in mouse liver and spleen. UDCA pretreatment could reduce ConA-induced
liver in�ammation in mice possibly by reducing the release of hepatic in�ammatory factors, inhibiting the
expression of necroptosis signal proteins in hepatocytes, down-regulating the accumulation of liver
macrophages, and increasing the percentages of MDSCs with the immunomodulatory properties of liver
and spleen. These results provide a theoretical basis for the clinical application of UDCA in AIH.

Abbreviations
UDCA
Ursodeoxycholic acid
ConA
Concanavalin A
AIH
Autoimmune hepatitis
ALT
Alanine aminotransferase
AST
Aspartate aminotransferase
TNF-α
Tumor necrosis factor-α
RIP
Receptor-interacting protein
MDSCs
Myeloid-derived suppressor cells.

Declarations
Acknowledgements

None.

Authors’ Contributions

Guixian Ji, Man Liu, and Yi Zhou contributed equally to this work. All authors read and approved the �nal
manuscript.

Funding

The work was sponsored by National Natural Science Foundation of China (81860109).



Page 8/14

Availability of data and materials

Data will be available on request.

Ethics approval

All procedures were carried out in accordance with Guide for the Care and Use of Laboratory Animals, and
the regulations of the People's Republic of China on the Administration of Experimental Animals and the
requirements of ethics and morality.

Consent to participate

Not applicable.

Consent for publication

All authors read and approved the manuscript for publication.

Competing interests

The authors declare that there is no con�ict of interest.

References
Czaja AJ, Menon KVN, Carpenter HA (2002) Sustained remission after corticosteroid therapy for type 1
autoimmune hepatitis: a retrospective analysis. Hepatology 35(4):890-
897. https://doi.org/10.1053/jhep.2002.32485.

Deutsch M, Graffeo CS, Rokosh R, Pansari M, Ochi A, Levie EM, Heerden EV, Tippens DM, Greco S, Barilla
R, Tomkötter L, Zambirinis CP, Avanzi N, Gulati R, Pachter HL, Torres-Hernandez A, Eisenthal A, Daley D,
Miller G (2015) Divergent effects of RIP1 or RIP3 blockade in murine models of acute liver injury. Cell
Death Dis 6(5): e1759. https://doi.org/10.1038/cddis.2015.126.

Diao W, Jin F, Wang B, Zhang C, Chen J, Zen K, Li L (2014) The protective role of myeloid-derived
suppressor cells in concanavalin A-induced hepatic injury. Protein Cell 5(9):714-
724. https://doi.org/10.1007/ s13238-014-0069-5.

Galluzzi L, Kroemer G (2008) Necroptosis: A specialized pathway of programmed necrosis. Cell
135(7):1161-1163. https://doi.org/10.1016/j.cell.2008.12.004.

Gleeson D, Heneghan MA, British Society of Gastroenterology (2011) British Society of Gastroenterology
(BSG) guidelines for management of autoimmune hepatitis. Gut 60(12):1611-
1629. https://doi.org/10.1136/gut. 2010.235259.

https://doi.org/10.1053/jhep
https://doi.org/10.1038/cddis.2015.126
https://doi.org/10.1007/%20s13238-014-0069-5
https://doi.org/10.1016/j.cell.2008.12.004
https://doi.org/10.1136/gut.%202010.235259


Page 9/14

Hoeroldt B, McFarlane E, Dube A, Basumani P, Karajeh M, Campbell MJ, Gleeson D (2011) Long-term
outcomes of patients with autoimmune hepatitis managed at a nontransplant center. Gastroenterology
140(7):1980-1989. https://doi.org/10. 1053/j. gastro.2011.02. 065.

Kearney CJ, Cullen SP, Clancy D, Martin SJ (2014) RIPK1 can function as an inhibitor rather than an
initiator of RIPK3-dependent necroptosis. FEBS J 281(21):4921-
4934. https://doi.org/10.1111/febs.13034.

Li S, Zhou L, Zhang J, Luo L, Su H, Jiao G, Cao X, Liu W, Wang B (2015) Analysis of the e�cacy of
ursodeoxycholic acid combined with immunosuppressant in the treatment of autoimmune hepatitis. Chin
J Dig 35(11):767-770.

Manns MP, Woynarowski M, Kreisel W, Lurie Y, Rust C, Zuckerman E, Bahr MJ, Günther R, Hultcrantz RW,
Spengler U, Lohse AW, Szalay F, Färkkilä M, Pröls M, Strassburg CP, European AIH-BUC-Study Group
(2010) Budesonide induces remission more effectively than prednisone in a controlled trial of patients
with autoimmune hepatitis. Gastroenterology 139(4):1198-
1206. https://doi.org/10.1053/j.gastro.2010.06.046.

Poupon R (2012) Ursodeoxycholic acid and bile-acid mimetics as therapeutic agents for cholestatic liver
diseases: an overview of their mechanisms of action. Clin Res Hepatol Gastroenterol 36: Suppl 1: S3-
12. https://doi.org/10.1016/S2210-7401(12)70015-3.

Roma MG, Toledo FD, Boaglio AC, Basiglio CL, Crocenzi FA, Pozzi EJS (2011) Ursodeoxycholic acid in
cholestasis: linking action mechanisms to therapeutic applications. Clin Sci (Lond) 121(12): 523-
544. https://doi.org/10.1042/ CS20110184.

Souliotis VL, S�kakis PP (2015) Increased DNA double-strand breaks and enhanced apoptosis in patients
with lupus nephritis. Lupus 24(8):804-815. https://doi.org/10.1177/0961203314565413.

Summerskill WH, Korman MG, Ammon HV, Baggenstoss AH (1975) Prednisone for chronic active liver
disease: dose titration, standard dose, and combination with azathioprine compared. Gut 16(11):876-
883. https://doi.org/10.1136/gut.16. 11.876.

Tiegs G, Hentschel J, Wendel A (1992) A T cell-dependent experimental liver injury in mice inducible by
concanavalin A. J Clin Invest 90(1):196-203. https://doi.org/10.1172/JCI115836.

Trautwein C, Rakemann T, Brenner DA, Streetz K, Licato L, Manns MP, Tiegs G (1998) Concanavalin A-
induced liver cell damage: activation of intracellular pathways triggered by tumor necrosis factor in mice.
Gastroenterology 114(5):1035-1045. https://doi.org/10.1016/s0016-5085(98)70324-5.

Watanabe Y, Morita M, Akaike T (1996) Concanavalin A induces perforin-mediated but not Fas-mediated
hepatic injury. Hepatology 24(3):702-710. https://doi.org/10.1053/jhep.1996.v24.pm0008781346.

https://doi.org/10.%201053/j.%20gastro.2011.02.%20065
https://doi.org/10.1111/febs.13034
https://doi.org/10.1053/j.gastro.2010.06.046
https://doi.org/10.1016/S2210-7401(12)70015-3
https://doi.org/10.1042/%20CS20110184
https://doi.org/10.1177/0961203314565413
https://doi.org/10.1136/gut.16.%2011.876
https://doi.org/10.1172/JCI115836.
https://doi.org/10.1016/s0016-5085(98)70324-5
https://doi.org/10.1053/jhep.1996.v24.pm0008781346


Page 10/14

Zhang J, Guo L, Liu M, Jing Y, Zhou S, Li H, Li Y, Zhao J, Zhao X, Karunaratna N, Jiang K, Zhou L, Wang B
(2018) Receptor-interacting protein kinase 3 mediates macrophage/monocyte activation in autoimmune
hepatitis and regulates interleukin-6 production. United European Gastroenterol J 6(5):719-
728. https://doi.org/ 10.1177/2050640618756124.

Zhang J, Jing Y, Zhou L, Liu M, Zhou S, Li Y, Guo L, Wang B (2018) Effects of receptor interacting protein
3 on macrophage activation and interleukin-6 in autoimmune hepatitis. Chin J Dig 38(1):25-31.

Zheng W, Du S, Tian M, Xu W, Tian Y, Li T, Fu Y, Wu S, Li C, Jin N (2018) Lepidium meyenii Walp Exhibits
Anti-In�ammatory Activity against ConA-Induced Acute Hepatitis. Mediators In�amm
2018:8982756. https://doi.org/ 10.1155/2018/ 8982756.

Figures

Figure 1

UDCA decreases the serum levels of ALT and AST in mice with immune hepatitis. Notes: mice were
induced by intragastric administration with normal saline or UDCA (50 mg/kg) at 7 days before injection
of ConA (15 mg/kg). ALT (a) and AST (b) levels were determined 12 h after ConA injection. The data were
expressed as mean ± SD (𝑛 = 6, *P<0.05, ** P<0.01).
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Figure 2

UDCA improves the pathological manifestation of liver in mice with immune hepatitis. Notes: mice were
induced by intragastric administration with normal saline or UDCA (50 mg/kg) at 7 days before injection
of ConA (15 mg/kg). Mice were sacri�ced at 12 h after ConA injection. The livers and spleens were
harvested from three groups. Liver tissues from Control (a, d), ConA (b, e), and ConA+UDCA (c, f) groups
were �xed and stained with H&E. H&E: hematoxylin and eosin.
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Figure 3

Levels of TNF-α and RIP3 mRNA in the liver tissues of mice. Notes: female C57BL/6J mice were induced
by intragastric administration with normal saline or UDCA (50 mg/kg) at 7 days before injection of ConA
(15 mg/kg) via the tail vein. qRT-PCR was used to detect the expression of TNF-α (a) and RIP3 (b) mRNA
12 hours after ConA injection. The data were expressed as mean ± SD (𝑛 = 6, *P<0.05, ** P<0.01).

Figure 4
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Effect of UDCA on immune cell in�ltration of liver in mice with immune hepatitis. Notes: mice were
induced by intragastric administration with normal saline or UDCA (50 mg/kg) at 7 days before injection
of ConA (15 mg/kg) via the tail vein. Percentages of CD45+F4/80+ macrophages (a, b, d) and CD11b+Gr-
1+MDSCs (c, e) in liver were detected by �ow cytometric analysis 12 h after ConA injection.

Figure 5
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UDCA enhances splenic MDSCs in�ltration in mice with immune hepatitis. Notes: mice were induced by
intragastric administration with normal saline or UDCA (50 mg/kg) at 7 days before injection of ConA (15
mg/kg) via the tail vein. Percentages of CD11b+Gr-1+MDSCs in spleen (a, b, c) were detected by �ow
cytometric analysis 12 h after ConA injection.


