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Abstract. Myeloid-derived suppressor cells (MDSCs) have 
been demonstrated with possess the ability to suppress T-cell 
responses. Therefore, MDSCs are an attractive candidate for 
immune intervention aimed at reconstituting self-tolerance 
in autoimmune conditions. The present study investigated the 
frequency and function of MDSCs in the peripheral blood of 
patients with autoimmune hepatitis (AIH), and examined its 
correlation with disease progression. Peripheral blood samples 
were obtained from 48 patients diagnosed with AIH and 
24 healthy controls. The frequency of MDSCs was analyzed 
using flow cytometry, and its correlation with liver biochemical 
indicators was assessed. The sorted peripheral blood mono-
nuclear cells and MDSCs, cocultivated with CD3 and CD28 
monoclonal antibodies, were labeled with carboxylfluorescein 
succinimidyl ester and detected using flow cytometry for the 
proliferation of T cells. T cell apoptosis was detected using 
annexin V and 7-aminoactinomycin D. Interferon γ and nitric 
oxide were detected using ELISA, and inducible nitric oxide 
synthase (iNOS) was detected using immunohistochemical 
staining. The frequency of MDSCs in the patients with 
non‑cirrhotic AIH was significantly higher, compared with 
the healthy controls and patients with cirrhotic AIH (P<0.05). 
However, no significantly differences were observed between 
the patients with cirrhotic AIH and the healthy controls 
(P>0.05). In addition, the frequency of MDSCs in the periph-
eral blood was positively correlated with alanine transaminase 
and aspartate transaminase in patients with AIH. The T cells 
of the incubation system were suppressed by the MDSCs, 
which was associated with the iNOS expressed on MDSCs. In 
patients with non-cirrhotic AIH, the peripheral frequency of 
MDSCs was increased through a feedback loop and autoim-

mune responses were inhibited. However, a variety of causes 
led to a decrease in the number of MDSCs in patients with 
cirrhotic AIH, therefore, accelerating the progression of liver 
injury and liver cirrhosis.

Introduction

Autoimmune hepatitis (AIH) is a type of chronic, autoimmune 
inflammation of the liver, which is characterized by histological 
interface hepatitis, hypergammaglobulinemia and the produc-
tion of autoantibodies (1). During AIH, the self-tolerance, 
also termed homeostatic processes, is defective, resulting in 
dysfunction of T-lymphocytes, including over-activated CD4 
and CD8 T-cells, which mediate autoimmune liver injury (2). 
Previous evidence has indicated that immune regulatory cells, 
including regulatory T-cells (3) and natural killer T cells (4) 
are critical for the maintenance of immune tolerance in AIH. 
Another subset of regulatory cells, termed myeloid-derived 
suppressor cells (MDSCs) have identified to possess a marked 
ability to suppress T-cell responses, therefore, representing an 
attractive candidate for immune intervention to reconstitute 
self-tolerance in autoimmune conditions (5).

MDSCs are a heterogeneous population of immature 
myeloid cells, derived from dendritic cell (DC) progenitors, 
macrophages and granulocytes in cancer, inflammation and 
autoimmune disease, which have been defined as CD11b 
(Mac-1) and Gr-1 for granulocytic MDSCs and CD11b, Gr-1, 
CD115 and F4/80 for monocytic MDSCs (6). These exist in 
an activated state, which is characterized by the increased 
production of reactive oxygen species (ROS), reactive nitrogen 
species (RNS) and arginase-1. They are potent suppressors 
of T-cell functions, using arginase-1 and inducible nitric 
oxide synthase (iNOS) (7). In humans, the identification of 
MDSCs is indistinct due to the absence of specific markers 
therefore, their phenotype is established, according to their 
functional definition (8). Generation and accumulation of 
MDSCs in peripheral blood and regional tissues in response to 
tumor, infection or trauma is associated with multiple growth 
factors and cytokines, including granulocyte macrophage 
colony-stimulating factor, vascular endothelial growth factor, 
interleukin (IL)-1β, IL-6, stem cell factor, cyclooxygenase-2 
(prostaglandin-endoperoxide synthase 2), interferon (IFN)-γ, 
IL-4, IL-13 and transforming growth factor (TGF)-β, which 

Myeloid-derived suppressor cells suppress CD4+ and 
CD8+ T cell responses in autoimmune hepatitis

HAIWEN LI,  FU DAI,  QIONG PENG,  HUIZHONG GAN,  JISHUN ZHENG,  
YUNLING XIA  and  WANYUAN ZHANG

Department of Gastroenterology, The Third Affiliated Hospital of Anhui Medical University, 
Hefei, Anhui 230061, P.R. China

Received August 3, 2014;  Accepted April 16, 2015

DOI: 10.3892/mmr.2015.3791

Correspondence to: Professor Fu Dai, Department of 
Gastroenterology, The Third Affiliated Hospital of Anhui Medical 
University, 390 Huaihe Road, Hefei, Anhui 230061, P.R. China
E-mail: hefeiyiyuan@gmail.com

Key words: autoimmune hepatitis, liver cirrhosis, regulatory 
T-lymphocytes, immunosuppressant, myeloid-derived suppressor cells



LI et al:  MYELOID-DERIVED SUPPRESSOR CELLS SUPPRESS T CELL RESPONSES IN AUTOIMMUNE HEPATITIS3668

induce MDSCs generation and promoted MDSCs activa-
tion (9).

In autoimmune diseases, including inflammatory bowel 
disease, experimental autoimmune encephalomyelitis and 
experimental autoimmune uveoretinitis, the frequency of 
human MDSCs with suppressive function are increased in 
peripheral blood from patients and rodents, which suggests a 
novel MDSC-mediated immune regulatory pathway in auto-
immune diseases (10). The characterization of MDSCs during 
AIH remains to be elucidated. The present study investigated 
the frequency and function of MDSCs in AIH, and further 
analyzed the clinical relevance of MDSC frequency with 
disease status in patients with AIH.

Subjects and methods

Subjects and healthy donors. A total of 48 peripheral blood 
and three liver samples were obtained from patients with 
AIH between October 2009 and October 2010 at The Third 
Affiliated Hospital of Anhui Medical University (Hefei, 
China). AIH was diagnosed, according to the International 
Autoimmune Hepatitis Group diagnostic scoring system in 
1999 (total score >17) (11). A number of the patients were diag-
nosed, according to pathology (Table I). None of the patients 
received treatment with glucocorticoids or immunosuppres-
sants, and 15 patients with AIH were treated with Prednisone 
for 6 months. Prednisone alone was used to achieve a clinical 
remission, at an initial dose of 40 mg/day for 4 weeks, followed 
by 10 mg/day for maintenance. In addition, 24 peripheral blood 
samples and two liver tissue samples were obtained from 
healthy individuals, as a normal control. Tissue samples were 
obtained by liver biopsy. No statistically significant differ-
ences were observed between the two groups in age or gender 
ratio (P>0.05). The present study was approved by the Ethics 
Committee of The Third Affiliated Hospital of Anhui Medical 
University, and written informed consent was obtained from 
each subject. Table I shows the clinical characteristics of the 
patients with AIH, who were involved in the present study.

Antibodies. Fluorescein isothiocyanate (FITC)-conjugated Lin1 
(cat. no. 340546; 20 µl), mouse anti-human leukocyte antigen 
(HLA)-DR, peridin chlorophyl protein (PerCP)-conjugated 
mouse anti-HLA-DR (cat. no. 552764; 20 µl), mouse anti-CD8 
(cat. no. 561967; dilution, 0.2 mg/ml), allophycocyanin 
(APC)-conjugated mouse anti-CD11b (cat. no. 553312; dilution, 
0.2 mg/ml), anti-CD3 and mouse anti-CD4 (cat. no. 340443; 
dilution, 6 µg/ml) and mouse phycoerthrin (PE)-conjugated 
anti-CD33 (cat. no. 555450; 20 µl) antibodies were purchased 
from Becton Dickinson (San Diego, CA, USA). Mouse 
anti-CD3 (cat. no. SAB4700040; dilution, 1 mg/ml) and 
mouse anti-CD28 (cat. no. SAB4700739; dilution, 1 mg/ml) 
monoclonal antibodies were purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Flow cytometric analysis. Cell surface staining was 
performed, according to established methods (12). A total 
of 1-3x105 cells/condition were incubated for 30 min at 4˚C 
with different combinations of the following antibodies: 
(FITC)-Lin1 (20 µl/test), (PerCP)-HLA-DR (20 µl/test), 
(APC)-CD11b (10 µl/test) and (PE)-CD33 (20 µl/test). 

Following two washes with 1 ml phosphate buffered saline 
(PBS), the cells were resuspended in 100 µl 1% paraformalde-
hyde (Beijing Ding Guo Chang Sheng Biotechnology Co., Ltd., 
Beijing, China) and analyzed using a FACSCalibur (Becton 
Dickinson). The data were analyzed using FlowJo v.5.7.2 soft-
ware (Tree Star, Ashland, Oregon, USA).

Cell isolation and sorting. Peripheral blood mononuclear 
cells (PBMCs) were isolated using Ficoll-Hypaque density 
gradient centrifugation (IAE‑1) at 2,700 x g for 20 min at 22˚C 
from heparinized blood. The Lin1-/low HLA-DR- CD33+ 

CD11b+ MDSCs were isolated from the PBMCs using Lin1 
and HLA-DR negative selection (Miltenyi Biotech, Bergisch 
Gladbach, Germany), followed by analysis using a BD FACS 
Aria (Becton Dickinson). The purity of the MDSCs was 
>85%. The CD3+ T cells were separated from the PBMCs 
via CD3-positive selection using a MidiMACS separator 
unit, according to the manufacturer's instructions (Miltenyi 
Biotech,). The purity of the CD3+ T cells was >96%.

Proliferation assay and the detection of cytokines. 
Carboxylfluorescein succinimidyl ester (CFSE) labeling 
was used to detect the proliferation of CD3+ T cells. Briefly, 
1.3x106 CD3+ T cells were co-cultured with MDSCs at ratios 
of 1:0, 1:1, 3:1 and 10:1 in RPMI-1640 medium, supplemented 
with 10% fetal bovine serum (FBS; Gibco Life Technologies, 
Carlsbad, CA, USA) and stimulated with anti-CD3 and CD28 
monoclonal antibodies (Sigma-Aldrich). All CD3+ T cells were 
seeded into a 96-well plate (Costar, Lowell, MA, USA) in the 
presence or absence of MDSCs, as mentioned above. The cells 
were harvested following culturing for 5 days and stained with 
anti-CD4-APC and anti-CD8-PerCp. As the CFSE signal was 
diluted with each cell division, cells exhibiting low fluores-
cence intensity of CFSE were considered to have proliferated. 
IFN-γ in the supernatant was measured using an ELISA kit 
(RapidBio Laboratory, Calabasas, CA, USA), according to the 
manufacturer's instructions.

Apoptosis assay. The CD3+ T cells were co-cultured with 
MDSCs at the ratios mentioned above and treated with 
anti-CD3 and CD28 monoclonal antibodies. Following 
incubation for 48 h, the cells were collected and stained 
with annexin-V-FITC, 7-amino-actinomycin D (7-AAD) 
(eBioscience, San Diego, CA, USA), anti-CD4-APC and 
anti-CD8-PerCp to analyze the apoptosis of the CD4 and CD8 
cells.

Expression of iNOS and determination of NO. To confirm 
the suppression of MDSCs, iNOS were first detected on the 
surface of MDSCs from the patients and healthy subjects 
using anti-iNOS (Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA). The NO content of the supernatant was 
subsequently determined using an ELISA kit (Rapidbio Lab, 
CA). Immunohistochemistry was also performed to detect the 
expression levels of iNOS in the liver tissues and MDSCs. The 
expression of iNOS was detected using a rabbit-anti-iNOS 
antibody (cat. no. ab92765; Abcam, Cambridge, UK) in 
lymphocyte markers on the liver tissue and PBMCs were 
detected using an immunohistochemical kit (Zhongshan 
Golden Bridge Co., Beijing, China).
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Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 software for Windows (SPSS, Inc., Chicago, IL, 
USA). Comparisons between different groups were analyzed 
using a Mann-Whitney U test. A Wilcoxon matched-pairs 
signed ranks test was used to compare the data from the same 
individuals. Correlation analysis was performed using the 
Spearman rank correlation test. All data are presented as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Increased frequency of MDSCs (Lin1‑/low HLA‑DR‑ CD33+ 
CD11b+) in peripheral blood from patients with AIH. Due to 
the heterogeneity of MDSCs in humans, mature lymphocytes 
and HLA-DR+ groups were excluded from the present study, 
with CD33+ was reserved as a myeloid marker and CD11b as its 
functional marker. Accordingly, MDSCs were defined as the 
population of CD33+ CD11b+ Lin1- HLA-DR- (Fig. 1A) cells. 
The MDSCs frequency in PBMCs was determined in samples 
from patients diagnosed with AIH without cirrhosis, AIH with 
cirrhosis, and healthy subjects. There was a significantly higher 
frequency of circulating MDSCs in the AIH patients without 
cirrhosis compared with the AIH patients with cirrhosis and 
the healthy subjects (P=0.012). No significant difference was 
observed between the healthy subjects and the AIH patients 
with cirrhosis (Fig. 1B; PControl:AIH<0.001, PAIH:Cirrhosis<0.001).

Frequency of MDSCs in the peripheral blood correlates 
with clinical features. A significant positive correlation was 
observed between the MDSC frequency and the levels of 
ALT/AST (Fig. 1C), which suggested that the frequency of 
MDSCs was associated with liver inflammation. However, 
other clinical indicators, including total bilirubin, direct 
bilirubin, cholinesterase, alkaline phosphatase, immuno-
globulin G and prealbumin, revealed no correlation with the 
frequency of MDSCs (P>0.05). In order to determine the 

effect of hormones on the frequency of MDSCs, 15 patients 
receiving hormone therapy were included. After 6 months of 
treatment, the majority of these patients were in remission, 
accompanied with a reduced frequency of MDSCs (Fig. 1D; 
P=0.0017).

MDSCs inhibit the proliferation of T cells in vitro. To inves-
tigate the effects of MDSC on T cells, MDSCs were sorted 
and subsequently co-cultured with CFSE-labeled CD3+ 

T cells at different ratios. Following culture for 5 days, the 
proliferation of the CD4 and CD8 T cells were detected using 
flow cytometry. As the cell density of the MDSCs increased, 
the proliferation of CD4 and CD8 T cells was inhibited 
(Fig. 2A and B). In addition, the present study examined the 
capacity of MDSCs to inhibit cytokine secretion. An ELISA 
was performed to detect IFN-γ in the culture supernatant. The 
results demonstrated that the concentration of IFN-γ decreased 
with the increase in MDSCs (Fig. 2C; PALT=0.047, PAST=0.051), 
which suggested that the MDSCs inhibited cytokine secretion 
in a dose-dependent manner.

MDSCs promote T cell apoptosis in vitro. Apoptosis detection 
was performed using annexin V and 7AAD staining. (Fig. 3). 
The sorted MDSCs were cocultured with PBMC, and the 
apoptosis of CD4 and CD8 T cells was detected. The results 
revealed that MDSCs promoted CD4+ and CD8+ T cell apop-
tosis in a dose-dependent manner (Fig. 3; P=0.018).

Expression of iNOS in MDSCs. The present study subsequently 
examined the in situ expression of iNOS by lymphocytes in 
the liver. The expression of iNOS in the lymphocytes of the 
AIH liver tissue was significantly higher, compared with the 
healthy liver tissue (Fig. 4A and B). In addition, MDSCs from 
the peripheral blood were sorted and stained with iNOS mono-
clonal antibody, which demonstrated that the expression level 
of iNOS in the MDSCs was significantly higher than in the 
other PBMCs. (Fig. 4C and D). The PBMCs from 48 patients 

Table I. Clinical characteristics of the patients and healthy subjects recruited.

Group AIH (n=48) LC (n=15) No-LC (n=33) HC

Age (years) 45.6±8.9 52.3±6.5 41.8±5.7 41.2±3.6
Gender M/F 15/33 6/9 9/24 7/17
IAH scoring >17 >17 >17 ND
ALT (U/l) 228.81±275.99 169.67±130.34 255.69±279.82 ND
AST (U/l) 284.93±198.56 219.33±279.89 314.76±272.06 ND
CHE (U/l) 5267.91±2038.02 4473.09±1669.718 5629.185±1988.06 ND
TBIL (µmol/l) 59.00±74.79 48.62±85.12 63.72±84.07 ND
DBIL (µmol/l) 32.59±47.08 29.26±19.11 34.10±53.96 ND
IgG (g/l) 32.53±6.61 33.52±6.81 32.08±6.58 ND
PA (%) 82.03±21.52 77.53±19.09 84.07±23.01 ND
MDSCs (%) 1.76±1.22 0.70±0.42 2.23±1.16 0.91

AIH, autoimmune hepatitis; LC, liver cirrhosis; HC, healthy donors; IAH, intra-abdominal hypertension; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; CHE, cholinesterase; TBIL, total bilirubin; DBIL, direct bilirubin; PA, prealbumin; MDSC, myeloid-derived 
suppressor cell; ND, no data.
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Figure 2. MDSCs inhibit the proliferation and cytokine secretion of T cells in vitro. CFSE-labeled CD3+ T cells were co-cultured with MDSCs and stimulated 
with anti-CD3 and CD28 monoclonal antibodies. The cells were harvested and analyzed after 5 days. (A) CFSE dilution demonstrated that the proliferation of 
T cells was inhibited by MDSCs. (B) Proliferation of the T cells was inhibited by the MDSCs in a dose-dependent manner (n=3). (C) IFN-γ in the supernatant 
was detected using ELISA. Secretion of IFN-γ decreased as the MDSCs increased (n=3). MDSC, myeloid‑derived suppressor cell; CFSE, carboxylfluorescein 
succinimidyl ester; PBMC, peripheral blood mononuclear cell.

  A

  B   C

Figure 1. Increased frequency of circulating MDSCs and its correlation with liver injury and hormone treatment. (A) Representative flow cytometry data 
revealing Lin1-/low HLA-DR- CD33+ CD11b+ MDSCs. (B) Comparison of the MDSC frequency between different groups using a Mann-Whitney U test. 
(C) Correlation between MDSCs and ALT/AST using Spearman's rank correlation test. (D) Effects of 6 months hormone treatment on the frequency of 
circulating MDSCs. ALT, alanine aminotransferase; AST, aspartate aminotransferase; SSC, side scatter; FSC, forward scatter; AIH, autoimmune hepatitis; 
MDSC, myeloid-derived suppressor cell; PBMC, peripheral blood mononuclear cell.

  A   B

  C   D
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and 24 healthy individuals were stained and analyzed. The 
expression of iNOS in the circulating MDSCs from patients 
with AIH was significantly higher than in the healthy 
individuals (Fig. 4E and F; P=0.0195). Correspondingly, 
the concentrations of NO in the supernatant, detected using 
ELISA, were also associated with the frequency of MDSCs 
(Fig. 4G; P=0.0261).

Discussion

MDSCs are essential in regulating immune responses during 
autoimmune diseases. The present study demonstrated for 
the first time, to the best of our knowledge, the frequency 
and function of MDSCs from patients with AIH. The results 
demonstrated that increased frequencies of peripheral blood 
MDSCs were associated with liver injury. Hormone therapy 
reduced the frequency of peripheral blood MDSCs in patients 
with AIH. MDSCs from patients with AIH suppressed the 
proliferation and cytokine secretion of T cells. In addition, 
MDSC promoted the apoptosis of T cells in a dose-dependent 
manner in vitro. Notably, higher expression levels of iNOS 
in the MDSCs were observed in the in situ liver tissues 
from patients with AIH, compared with the healthy subjects. 
Additionally, peripheral blood MDSCs expressed iNOS and 
produced NO.

As precursors of macrophages, granulocytes and dendritic 
cells, MDSCs are heterogeneous, immature and plastic. In 
humans, MDSCs remains to be fully characterized owing to 
the lack of specific markers (13). Generally, human MDSCs 
are identified as CD14-CD11b+ cells, or populations of cells 

expressing the myeloid-associated marker, CD33, but not 
the MHC Class II molecules, HLA-DR, mature myeloid or 
lymphoid cell markers (14). In addition, a group of CD15+ 
MDSCs have been identified in the peripheral blood of patients 
with cancer (15). A previous study characterized a novel popu-
lation of MDSCs, which were CD14+ and HLA-DR-/low. They 
are significantly increased in the peripheral blood and tumor 
tissues of patients with hepatocellular carcinoma, exhibit argi-
nase activity and suppress autologous T cell proliferation (16). 
The present study used Lin1-/low HLA-DR-CD33+ CD11b+ as 
markers of human peripheral blood MDSCs, and investigated 
the frequency of MDSCs in the peripheral blood of patients 
with AIH. The results demonstrated an increased frequency of 
peripheral blood MDSCs, which reduced following hormone 
treatment, suggesting that MDSCs are essential during the 
progression and treatment of AIH.

It has been reported that the immunosuppressive activities 
of MDSCs require direct cell-cell contact, which is through 
cell-surface receptors and soluble mediators, and the suppres-
sive activity of MDSCs is associated with the metabolism of 
arginine and iNOS (17). Another important factor contributing 
to the suppressive activity of MDSCs is ROS (18). Increased 
production of ROS has emerged as one of the predominant 
characteristics of MDSCs from tumor-bearing mice and 
patients with cancer (19). NO, produced by iNOS, is also 
involved in the suppressive activity of MDSCs (20). A previous 
study also demonstrated that peroxynitrite is a crucial mediator 
of the suppression of T-cell function by MDSCs (21). Notably, 
a novel population of MDSCs, described as CD14+ DR-/low, 
have been demonstrated to promote the de novo development 

Figure 3. MDSCs promote the apoptosis of T cells in vitro. CD3+ T cells were co-cultured with MDSCs and treated with anti-CD3 and CD28 monoclonal 
antibodies. Following incubation for 48 h, the cells were harvested and stained with annexin-V and 7-AAD to detect the apoptosis of T cells. (A) Representative 
data of apoptosis analysis demonstrated that MDSCs promoted the apoptosis of CD4+ and CD8+ T cells. (B) Statistical analysis revealed that a higher ratio 
of MDSCs induced an increase in the apoptotic rate of the T cells (n=3). MDSC, myeloid-derived suppressor cell; PBMC, peripheral blood mononuclear cell; 
7-AAD, 7-amino-actinomycin D.

  A

  B
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of forkhead box P3+ regulatory T cells in vivo. In addition, 
MDSCs secrete immunosuppressive cytokines, including 
TGF-β and IL-10, to inhibit T cell function (22). The present 
study demonstrated higher expression levels of iNOS in the 
peripheral blood MDSCs and also in in situ liver tissues from 
patients with AIH. In vitro experiments revealed that MDSCs 
suppressed the function of T cells by inhibiting proliferation 
and the cytokine secretion of T cells, and by promoting apop-
tosis of the T cells.

MDSC expansion is associated with inflammation and auto-
immunity. In experimental autoimmune encephalomyelitis, a 
mouse model of multiple sclerosis, the number of MDSCs has 

been observed to increase in the spleen and blood (23). A signifi-
cant increase in the number of MDSCs has also been detected 
in experimental autoimmune uveoretinitis and in inflamma-
tory bowel diseases (24). In mouse models of systemic lupus 
erythematosus, alopecia areata and type 1 diabetes, MDSCs 
demonstrate increased frequency and immune suppression (25). 
The present study revealed for the first time, to the best of our 
knowledge, that the frequency of peripheral blood MDSCs in 
patients with AIH was increased, which was consistent with the 
mouse models of autoimmune disease.

Previous studies have demonstrated that activated CD4+ 
and CD8+ T cells induce autoimmune liver injury through 

Figure 4. Expression of iNOS in the MDSCs. Representative data demonstrating the expression of iNOS in in situ liver tissues from (A) patients with AIH 
(n=3) and (B) healthy controls (n=2). Representative data of immuohistochemically stained cells revealed that the expression of iNOS in isolated circulating 
(C) MDSCs and (D) MDSC-absent PBMCs. The data are representative of three independent experiments. (E) Representative data and (F) statistical analysis 
demonstrated that the expression of iNOS in the MDSCs was higher in patients with AIH (n=48) than in healthy controls (n=24). (G) NO production by the 
MDSCs was induced by a higher ratio of MDSCs. The data are representative of three independent experiments. MDSC, myeloid-derived suppressor cell; 
PBMC, peripheral blood mononuclear cell; AIH, autoimmune hepatitis; NO, nitric oxide; iNOS, inducible nitric oxide synthase.
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antibody-dependent cell-mediated cytotoxicity and the cyto-
toxic T lymphocyte (CTL) killing effect. Th1 cells cytokines, 
including IFN-γ, IFN‑α, IL‑1 and IL‑2, together with T 
helper 2 cell cytokines, including IL-4, IL-6, IL-10, IL13, IL-17 
and TGF-β, are also induced during the pathology of liver 
injury (26). The activation, recruitment and amplification of 
MDSCs is closely associated with the stimulation of inflam-
matory cytokines (27), among which IFN-γ, IL-6, IL-10, IL-13 
and TGF-β stimulate MDSCs recruitment and amplification, 
and IFN-γ, IL-4, IL-13, IL-17 and TGF-β induce MDSC activa-
tion (28). Therefore, the present study hypothesized that MDSCs 
present a compensatory mechanism against inflammation. The 
present study demonstrated that the level of MDSCs were higher 
during the severe inflammatory reaction stage, and the increase 
in MDSCs was positively correlated with ALT and AST, which 
suggested that MDSCs correlated with the level of liver inflam-
mation. By contrast, during the cirrhosis period of AIH, the 
frequency of MDSCs declined. This weakened suppression of 
MDSCs exacerbated the liver injury.

MDSC are involved in the immune response, not only 
in inflammation associated with cancer, but also in autoim-
mune disease, including AIH. The present study investigated 
the frequency and function of peripheral blood MDSCs from 
patients with AIH. The increased frequency of circulating 
MDSCs in patients with AIH was associated with liver injury, 
and effective hormone treatment reduced the frequency of 
MDSCs. In addition, higher expression levels of iNOS were 
observed in the in situ liver tissues of patients with AIH. This 
characterization of MDSCs improves current understanding of 
the pathogenesis of AIH and may provide a possible method of 
immune intervention.
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