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 Background: Autoimmune hepatitis (AIH) is a chronic hepatic disorder. This study investigated role of Foxp3+ regulatory T 
cells (Treg) and methylation-regulated Tregs in AIH pathological processes.

 Material/Methods: Forty consecutive patients diagnosed with hepatitis were enrolled and divided into a virus hepatitis (n=20) 
group and an AIH group (n=20). Twenty healthy individuals were assigned to the healthy control group (HC, 
n=20), Liver function biomarkers were detected on an automatic biochemical analyzer. Serum auto-antibodies 
were evaluated using immunofluorescence method. Histopathological evaluation was conducted with liver tis-
sues. Treg cells were counted using FACS flow cytometry. Peripheral lymphocytes surface/intracellular biomark-
ers, CD4+CD25+, CD127, and Foxp3, were examined. Serum cytokines were evaluated using cytometric bead ar-
ray. Methylation-specific PCR (MS-PCR) was conducted to identify the status of Foxp3 gene methylation.

 Results: Levels of liver function biomarkers were significantly increased in the AIH group compared to the HC group 
(p<0.05). Levels of ANA and ASMA were significantly enhanced in the AIH group compared to the HC group 
(p<0.05). Other auto-antibodies, including anti-AHA, anti-ribosome P protein, and anti-RO-52, were also dis-
covered in the AIH group. Severe lymphocytic infiltration and inflammatory cells clustering were discovered in 
AIH patients. There were significantly fewer CD4+CD25+ T cells in the AIH group, and interleukin 6 (IL-6) and 
IL-10 levels were significantly decreased compared to the HC group (p<0.05). CD127+ Treg and Foxp3+ Treg ex-
pressions were decreased in the AIH group compared to the HC group (p<0.05). Foxp3 in Treg cells of AIH pa-
tients exhibited higher methylation frequency compared to that of HC patients (p<0.05).

 Conclusions: Foxp3+ regulatory T cells were involved in pathological processes by activating methylation modification in au-
toimmune hepatitis patients.
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Background

Autoimmune hepatitis (AIH) is a chronic hepatic disorder 
caused by unknown pathogenesis or etiology, and is charac-
terized by autoimmune response, abundant polyclonal immu-
noglobulin G (IgG), transaminases, hypergammaglobulinemia, 
and specific auto-antibodies [1–3]. AIH is morphologically char-
acterized by chronic and inflammatory liver disease in the liv-
er parenchyma [4,5]. A previous study [6] conducted in the 
Netherlands reported that dysregulation of adaptive respons-
es, such as infiltration of T cells and plasma cells, cause clini-
cal AIH. Therefore, immunomodulatory abnormality is also an 
important factor in AIH progression and development. In re-
cent years, regulatory T cells, natural killer T cells (NKT), reg-
ulatory B cells, and follicular T cells have been proven to be 
involved in AIH pathogenesis [7,8]. Immunosuppressive regu-
latory T cells (Treg cells) have been become an especially im-
portant topic in AIH investigations [9].

Treg cells regulate the functions of antigen-presenting cells 
(APCs) and immune effector cells, and play critical roles in ho-
meostasis regulation in the immune system. Treg cells express 
the transcription factor Foxp3, which mainly derives from the 
thymus and supports immunological tolerance [10]. There are 
a few surface markers for Treg cells, including CD4+ and CD25+; 
therefore, Treg cells are also referred to as CD4+CD25+ Foxp3 
T cells. Sakaguchi et al. [11] reported that transplantation of 
CD4+CD25+ knocked-out T cells into nude mice can induce sev-
eral autoimmune diseases, including AIH. However, treatment 
with Treg cells significantly inhibits the occurrence of autoim-
mune diseases. Treg cells inhibit the function of APCs and im-
mune effector cells by releasing transforming growth factor 
beta (TGF-b) and secreting interleukin (IL), or by interacting 
with dendritic cells (DCs) to suppress immune effector cell ac-
tivation [12]. Recently, Treg cells have been extensively applied 
in investigation of autoimmune diseases to explore pathogenic 
mechanisms. A previous study [13] conducted in the UK also il-
lustrated that Treg cell levels in AIH patients were significantly 
lower than in normal health individuals. The Foxp3 gene mu-
tation always causes severe autoimmune diseases, and plays 
key roles in regulation of immunological homeostasis. Foxp3 
also regulates Treg cell activity by directly modulating some 
downstream genes.

DNA methylation is one of the first discovered and most stud-
ied epigenetic regulation mechanisms [14]. The TSDR segment 
in the Foxp3 gene is a highly-conserved and CpG-enriched re-
gion and is also the promoter region of the Foxp3 gene. The 
TSDR region in natural Treg cells is completely demethylated, 
but is completely methylated in non-Treg cells [15]. A previous 
study [16] performed in Germany also showed that methyla-
tion of the TSDR gene segment is associated with stable ex-
pression of Foxp3. However, methylation of the Foxp3 gene 

in autoimmune diseases, chronic infection, and tumors also 
needs to be clarified. Moreover, the levels of Foxp3 gene ex-
pression and Foxp3 gene methylation in AIH pathogenic pro-
cesses are also elusive. To investigate these Treg cell-medi-
ated mechanisms, as well as to assess the development and 
prognosis of AIH, it is important to assess Foxp3 gene expres-
sion and DNA methylation levels. In this study, we investigat-
ed the levels of Treg cells and Foxp3 gene methylation in the 
AIH mouse model and discovered the mechanism of Foxp3 
gene expression in autoimmune hepatitis.

Material and Methods

Subjects

From October 2015 to March 2017, we enrolled 40 consecutive 
patients (22 males and 18 females) with proven hepatitis virus 
infection in our department, and divided them into a hepati-
tis virus-infected group (VH, n=20) and an AIH group (n=20). 
We also enrolled 20 healthy subjects as a control group (HC, 
n=20). The diagnosis of AIH was made according to interna-
tionally accepted criteria [17]. The diagnosis for hepatitis virus 
infection was based on the national criteria of China (No. WS-
2008). For comparison, a control group of healthy volunteers 
presenting at our medical examination center was included.

All of the procedures were in accordance with the ethics stan-
dards of the local Committee on Human Experimentation and 
with the Helsinki Declaration of 1975, as revised in 2008 [18]. 
The present study protocols were approved by the Ethics 
Committee of People’s Hospital of Yibin, Yibin, China. All of the 
patients signed the written informed consents for this study.

Liver	function	analysis

The peripheral blood was collected into serum separation tubes 
and centrifuged at 3500 r/min for 15 min. Then, the super-
natant was harvested and stored at –20°C for further tests. 
Serum samples were analyzed for alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), g-glutamyl transpep-
tidase (g-GT), alkaline phosphatase (ALP), albumin (ALB), total 
protein (TP), total bilirubin (TBi), and direct bilirubin (DBi) on 
an automatic biochemical analyzer (Mode: 7600-020, Hitachi 
Inc., Tokyo, Japan). All experiments were performed strictly ac-
cording to the manufacturer’s instructions of the liver function 
test kits (Nanjing Jian Cheng Ke Ji, Nanjing, China).

Auto-antibodies	evaluation

The serum auto-antibodies, including anti-nuclear antibody 
(ANA), anti-smooth muscle antibody (ASMA), anti-mitochon-
drial antibody (AMA), anti-nuclear ribonucleoprotein antibody 
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(anti-nRNP), anti-smith extractable nuclear (anti-SM), anti-
Sjogren’s A (anti-SSA), anti-Sjogren’s B (anti-SSB), anti-acute 
hepatitis A (anti-AHA), anti-double-stranded DNA (anti-dsD-
NA), JO-1, Sc-70, and anti-RO-52 antibodies, were tested us-
ing indirect immunofluorescence kits (Euroimmun Company, 
Germany). The dilution more than 1: 100 (not including 1: 100, 
only including 1: 320 and 1: 1000) was considered as positive 
for the ANA, ASMA, AMA, and other auto-antibodies.

Histopathological analysis

Histopathological evaluation was conducted using liver tissues 
obtained from needle biopsy of livers of AIH patients. Briefly, 
liver tissues were fixed with 10% paraformaldehyde (Sigma-
Aldrich, St. Louis, Missouri, USA). Then, the fixed liver tissues 
were cut into 4-μm sections and stained using hematoxylin 
and eosin (HE) using the standard processes described in a pre-
vious published study [19]. Finally, the images were captured 
using an inverted microscope (Mode: CKX41, Olympus, Japan).

Peripheral lymphocytes isolation and surface/intracellular 
markers examination

Cell surface and intracellular markers expression was evaluat-
ed on the fresh whole EDTA-anti-coagulated peripheral blood 
according to the method described in a previous study [20] 
conducted in Sweden. The lymphocytes were isolated using 
density gradient centrifugation at 900×g at room tempera-
ture for 20 min over Lymphoprep™ (Nycomed, Oslo, Norway) 
according to the manufacturer’s instructions. Briefly, for the 
surface staining, the lymphocytes were incubated using FITC-
conjugated anti-human CD4+ antibody (BD Biosciences, San 
Jose, CA, USA), PE-conjugated anti-human CD25+ antibody (BD 
Biosciences), PerCP-labeled anti-human CD127 antibody (BD 
Biosciences), APC anti-human CD3+ monoclonal antibody (BD 
Biosciences), and eBioscienceTM Anti-Human Foxp3 Staining 
St FITC (Cat. No. 71-5776, Thermo Fisher Scientific, Hudson, 
NH, USA) for 20 min at 4°C in the dark. Then, the lymphocytes 
were centrifuged (1200 r/min) for 5 min and re-suspended in 2 
ml PBS. The above samples were analyzed using an FACSCanto 
II flow cytometer (BD Biosciences, San Jose, CA, USA). All flow 
cytometry data were analyzed using BD DIVA software 4.1 (BD 
Biosciences, San Jose, CA, USA). The results are presented as 
the percentage of CD4+CD25+ T cells, Treg CD127+ T cells, or 
Treg Foxp3+ cells of total lymphocytes.

Treg cells counting

Lymphocytes in the liver were used to count Treg cells accord-
ing to the method described in a previous study [21]. Treg cells 
were stained and counted using the eBioscience™ Human 
Regulatory T Cell Staining Kit (Cat. No. 88-8999, Thermo Fisher 
Scientific, Hudson, NH, USA). Briefly, a new Treg cells counting 

process was used as follows. The concentration of lymphocytes 
was adjusted to 1×107/ml. A total of 100 μl hepatic lympho-
cytes suspension was treated with 20 μl FITC anti-human CD4+ 
monoclonal antibody, 20 μl PE anti-human CD25+ monoclonal 
antibody, 20 μl PerCP-labeled anti-human CD45+ monoclonal 
antibody, and 20 μl APC anti-human CD3+ monoclonal anti-
body (BD Biosciences, San Jose, CA, USA) and incubated for 20 
min in the dark. Then, the lymphocyte suspension was incu-
bated with 450 μl FACS lysing solution (Catalogue No. 349202, 
BD Biosciences, San Jose, CA, USA) at room temperature for 
15 min in the dark. The lymphocyte suspension was also cen-
trifuged at 1500 r/min and re-suspended in 2 ml phosphate 
buffer solution (PBS, Sigma-Aldrich), centrifuged again, and 
then the supernatant was discarded. Finally, the pillets were 
dissolved in PBS and prepared for FACS flow cytometry (BD 
Biosciences, San Jose, CA, USA).

Cytometric bead array analysis

To evaluate the levels of serum cytokines, including interleukin 
2 (IL-2), IL-4, IL-6, IL-10, and tumor necrosis factor a (TNF-a), 
the cytometric bead array was conducted according to the 
instructions of the manufacturer (Cell Gene Bio., Hangzhou, 
China) with a few minor modifications. In brief, 25 μl of se-
rum sample was analyzed using cytometric bead array kits on 
an FACSCanto II flow cytometer (BD Biosciences, San Jose, CA, 
USA). Serum cytokine concentrations were quantified using 
Cytometric Bead Array software version 1.4 (BD Biosciences, 
San Jose, CA, USA).

DNA isolation

Peripheral mononuclear cells (Treg cells) were isolated from 
peripheral blood using a GE Healthcare Ficolli-Hypaque densi-
ty gradient kit (Cat. No. 17144002, GE Healthcare Life Science, 
Little Chalfont, UK), and we magnetically separated them us-
ing the CD4+CD25+ Regulatory T Cell Isolation Kit (Cat. No. 130-
091-301, Milteny Biotec. Bergish Gladbach, Germany) accord-
ing to the manufacturer’s instruction. Total RNA was extracted 
from Treg cells using RNA extracting mini kits (Qiagen, Hilden, 
Germany). Then, DNA was synthesized with RNA as the tem-
plate using a cDNA synthesis kit (Qiagen, Hilden, Germany). 
Simultaneous purification for the genomic DNAs and total RNAs 
was conducted from the single-biological sample. The quan-
tity and the quality of the last DNAs were evaluated and de-
termined using a NanoDrop spectrophotometer 3300 (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

Methylation-specific	PCR	(MS-PCR)

The methylation-specific PCR (MS-PCR) was conducted to iden-
tify the methylation status of targeting genes. Treg cells pre-
treated with Bisulfite Genomic Sequence (BSP) method were 
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used to prepare samples for MS-PCR. The 50 μl MS-PCR multi-
plex PCR system (Cat. No. GK8015, Shanghai Generay Biotech. 
Co., Shanghai, China) included Taq DNA polymerase (1 μl), Mg2+ 
(2 μl), dNTPs (25 nM, 2.5 μl), multiplex PCR buffer (10×, 5 μl), 
Q solution, primers (300 ng/μl sense primer 1 μl, 300 ng/μl 
antisense primer 1 μl), RNAse-free water (35.5 μl), and the 
bisulfite-converted template DNA (2 μl). All PCR processes 
were conducted using 96-well PCR plates (Thermo Scientific, 
Waltham, MA, USA). The thermal cycling parameters for am-
plification were set as follows: denaturation step at 95°C for 
4 min, followed by 40 cycles of amplification of 94°C for 30 s, 
55°C for 30 s, and 72°C for 40 s, with a final extension step 
at 72°C for 10 min. The primer sequences of MS-PCR are list-
ed in Table 1. The MS-PCR products were analyzed by agarose 
gel electrophoresis. The PCR product was calculated using the 
Real-time PCR Detection System (Shanghai Generay Biotech. 
Co., Shanghai, China). The samples were defined as methyl-
ated Foxp3 depending on the amplified visual bands with the 
methylated primers. Relative quantification of the Foxp3 gene 
expression was conducted using the 2–DDct method.

Statistical analysis

All data were analyzed using SPSS 19.0 software (SPSS Inc., 
Chicago, IL, USA) and are presented as percentages for cate-
gorical variables and as mean ± standard deviation (SD) for 
continuous variables. Continuous variables among multiple 
groups were compared using ANOVA, and categorical vari-
ables among groups were compared with the chi-square test. 
p<0.05 was considered as statistically significant.

Results

Liver	functions	were	damaged	in	AIH	patients

The liver function parameters, including ALT, AST, ALP, ALB, TP, 
g-GT, TBi and DBi, were examined. The results showed that 
levels of ALT, AST, ALP, g-GT, TBi, and DBi of AIH patients were 
significantly increased compared to patients in the HC group 
(Table 2, p<0.05). However, there were no significant differ-
ences in the above liver function parameters between the VH 
group and AIH group (Table 2, p>0.05). These results suggest 

Primers Sequences Length	(bp)

B183_Foxp3_P1F TTTYGGTATTAGTGGGTGTGG
329

B183_Foxp3_P1R AACTTCCTTTTACRACCACC

B183_Foxp3_P2F GGTGGTYGTAAAAGGAAGTTTAG
302

B183_Foxp3_P2R AAAAAAAACTTACCCCRA

B183_Foxp3_P3F TGAGGGTTYGGGGTAAGT
307

B183_Foxp3_P3R TATAACRCRTACRACCCCTATA

B183_Foxp3_P4F TATAGGGGTYGTAYGYGTTATAT
346

B183_Foxp3_P4R AACTATCTACTTCTATTTTCTTCATCA

Table 1. Primers for the Foxp3 gene.

Groups
Items

ALT	(U/L) AST	(U/L) ALP	(U/L) ALB	(g/L) TP	(g/L) g-GT	(U/L) TBi	(μmol/L) DBi	(μmol/L)

HC group
17.5± 
9.8

16.7± 
6.9

14.9± 
4.4

43.8± 
3.7

68.9± 
17

14.3± 
39

31.1± 
4.6

6.7± 
1.9

VH group
147.6± 
24.5**

127.4± 
101.9**

50.9± 
30.6*

35.7± 
5.6

68.2± 
3.9

56.1± 
43.8*

40.54± 
23.7*

21.5± 
13.4*

AIH group
179.2± 
59.6**,#

168.4± 
55.8**,#

170.3± 
44.1**,##

40.4± 
4.01

66.9± 
5.6

173.9± 
55**,##

77.5± 
31.5*,#

46.3± 
16.7**,##

Table 2. Liver function examination for the patients in health control, virus hepatitis and autoimmune hepatitis groups (mean ±SD).

HC group – health control group; VH group – virus hepatitis group; AIH group – autoimmune hepatitis group; 
ALT – alanine aminotransferase; AST – glutamic acid transferase; ALP – alkaline phosphatase; ALB – albumin; TP – total protein; 
g-GT – glutamyltransferase; TBi – total bilirubin; DBi – direct bilirubin. * p<0.05, ** p<0.01 vs. HC group, # p<0.05, ## p<0.01 vs. 
VH group.
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that the damaged liver functions of autoimmune hepatitis are 
as serious as in viral hepatitis.

ANA	and	ASMA	levels	were	enhanced	in	AIH	patients

According to the Euroimmune immunofluorescence results, the 
blood samples were diluted to 1: 100, 1: 320, and 1: 1000. The 
results indicated that there were 15 ANA-positive samples in the 
AIH group (including 8 cases of 1: 320 and 7 cases of 1: 1000 di-
lution) (Figure 1A). However, there was only 1 ANA-positive sam-
ple of 1: 320 dilution in the VH group and no ANA-positive sam-
ples in the HC group (Figure 1A). Moreover, immunofluorescence 
images showed significantly more ASMA-positive stained cells in 
liver tissues in the AIH group than in the HC group (Figure 1B).

Severe lymphocytic infiltration appeared in liver tissues of 
AIH	patients

The liver needle biopsy and HE staining results showed that 3 
out of 8 AIH patients had severe lymphocytic infiltration and 
inflammatory cells clustering (Figure 1C, 1D). Hepatocytes 
showed obvious cell swelling, denaturation, and necrosis. Liver 
tissues in AIH patients showed the characteristics of chron-
ic active hepatitis.

Multiple	auto-antibodies	were	discovered	in	blood	of	AIH	
patients

We isolated the blood of the patients and examined the au-
to-antibodies in patients in the HC, VH, and AIH groups. The 
results indicated that no high-titer auto-antibodies were dis-
covered in the HC and VH groups (Table 3). However, auto-an-
tibodies of AIH patients were diverse, and 8 patients had spe-
cific auto-antibodies. Among all of the specific auto-antibodies, 
the positive rates of anti-nRNP, anti-AHA, and anti-ribosome 
P protein were higher significantly (Table 3).

Changes in CD4+CD25+	Treg	cells	and	lymphocytes	in	AIH	
patients

The results showed that the total lymphocytes and T cells in 
the AIH group were significantly increased compared to the 
HC group (Figure 2A, p<0.05). However, the amounts or per-
centages of CD4+CD25+ T cells in the AIH group were signif-
icantly lower compared to the HC group (Figure 2A, p<0.05).
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Figure 1.  ANA and ASMA levels examination and lymphocytic infiltration observation. (A) ANA examination using Euroimmune 
immunofluorescence assay. (B) ASMA examination using Euroimmune immunofluorescence assay. (C) Hepatic tissue 
inflammation examination by using hematoxylin staining method and eosin staining method (HE staining). (D) Hepatic tissue 
inflammation examination using hematoxylin staining method. ANA – anti-nuclear antibody; ASMA – anti-smooth muscle 
antibody; HE – hematoxylin and eosin.
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IL-6	and	IL-10	levels	were	increased	in	AIH	patients

We assessed levels of cytokines IL-2, IL-4, IL-6, IL-10, TNF-a, 
and IFN-g. The results showed that the levels of both IL-6 and 
IL-10 were significantly lower in the AIH group than in the HC 
group (Figure 2B, p<0.05).

CD127+ Treg and Foxp3+ Treg cells expressions were lower 
in	AIH	patients

Because dysfunction of Foxp3 causes severe autoimmune dis-
eases, we examined Foxp 3 and CD127 expression in Treg cells. 
The results indicated that the expression of CD127 in Treg cells 
in the AIH group was significantly lower than in the HC group 
(Figure 2C, p<0.05), while the expression of Foxp3 was signif-
icantly decreased in Treg cells in the AIH group compared to 
the HC group (Figure 2D, p<0.05).

AIH	patients	had	more	methylated	Foxp3	in	Treg	cells

MS-PCR results showed there were obviously more Foxp3-
methylated Treg cells in the AIH group than in the HC group 
(Figure 3A). The ratio of methylation in the AIH group was also 
significantly higher compared to the HC group (Table 4, p<0.05) 
for the P1, P2, and P3 methylation sites.

Foxp3	in	Treg	cell	of	AIH	patients	exhibited	higher	
methylation frequency

At methylation sites P1, P2, and P3, there were significantly 
more methylation sites in the AIH group more compared to the 
HC group (Figure 3B, p<0.05). The results also indicated that the 
methylation frequency of Foxp3 in the AIH group was significant-
ly higher compared to that in the HC group (Figure 3C, p<0.05).

Discussion

AIH is an autoimmune liver disease characterized by infiltra-
tion of plasma cells, positive serum antibodies, and serum hy-
pergammaglobulinemia [22,23]. The pathophysiology for the 
AIH is a complex process affected by environmental factors, 
auto-antigens, genetic factors, and immune dysfunction [24]. 
Previously, research on AIH mainly focused on immune system 
regulation, gene polymorphism, inflammation, and hepatocyte 
apoptosis [25]. However, in recent years, studies reported that 
autoimmune T cell activation and immunological regulation dys-
function play critical roles in the pathophysiology of AIH [26].

In this study, we first assessed liver function changes in AIH 
patients. The results showed that AIH patients had signifi-
cantly higher levels of ALT, AST, ALP, g-GT, TBi, and DBi com-
pared with the healthy patients and viral hepatitis patients, 
which suggests that the liver function damage caused by AIH 
is more serious than that caused by viral hepatitis. This re-
sult is consistent with a previous study [27] conducted by 
New York University, which reported that viral hepatitis slow-
ly progresses to autoimmune hepatitis. Auto-antibodies have 
been considered to be relatively specific biomarkers for au-
toimmune diseases in recent years [28,29]. The detection of 
auto-antibodies, such as ANS, SMA, anti-RO-52, and anti-F-
action, has been become the hallmark for the AIH diagnosis 
in clinical practice [30]. In the present study, we also detect-
ed auto-antibodies in the blood of AIH patients, showing that 
the positive rates of anti-nRNP, anti-AHA, and anti-ribosome 
P protein were significantly higher in the AIH patients com-
pared to the HC group. ANA and ASMA levels in AIH patients 
were also significantly higher compared to healthy individu-
als. However, there no auto-antibodies were discovered in the 
healthy individuals and viral hepatitis patients.

Items
Groups

HC	group	(n=20) VH	group	(n=20) AIH	group	(n=20)

Anti-SM 0 0 0

Anti-SS-A 0 0 0

Anti-SS-B 0 0 0

Anti-dsDNA 0 0 0

Anti-AHA 0 0 5

JO-1 0 0 0

Sc-70 0 0 0

Anti-AMA 0 0 0

Anti-ribosome P protein 1 0 2

Anti-RO-52 1 1 3

Table 3. The autoantibodies of the patients in health control, virus hepatitis and autoimmune hepatitis groups.

HC group – health control group; VH group – virus hepatitis group; AIH group – autoimmune hepatitis group.
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A previous study [31] reviewing data of AIH patients in 
European countries reported that there were significantly 
fewer CD4+CD25+ Treg cells and cytokines (IFN-g and IL-4) in 
type I AIH patients compared to healthy subjects. In the pres-
ent study, we assessed changes of CD4+CD25+ Treg cells and 
lymphocytes in AIH patients, showing that the AIH group had 
significantly fewer total lymphocytes and T cells, and the AIH 
group had significantly fewer CD4+CD25+ T cells compared to 
the HC group. These results suggest that the pathological pro-
cess causes the decrease in CD4+CD25+ T cells. We also found 
that the levels of both IL-6 and IL-10 were significantly low-
er in the AIH group compared to the HC group. These results 
suggest that IL-6 and IL-10 participate in AIH, which is consis-
tent with a previous study [32] in the United States.

The forkhead/winged helix transcription factor, Foxp3, acts as 
a specific transcription molecule for Treg cells and is a critical 

factor for development and function of T cells [33]. We found 
that the Treg cell count and the levels of Foxp3 protein in 
AIH patients were significantly lower than in the healthy con-
trol group, which is also consistent with the results of Wang 
et al. [4]. Our results also showed that the CD127 levels were 
significantly lower in the AIH group compared to the HC group. 
Therefore, we speculate that there may be a correlation be-
tween Foxp3 and CD127 expression in AIH patients, which 
should be further investigated in subsequent studies.

The methylation process always participates in the pathogen-
esis of diseases; therefore, we speculate that Foxp3 methyl-
ation may be involved in the progression of AIH. Our results 
indicate that more Foxp3-methylation occurs in the Treg cells 
of AIH patients, and there were significantly more Foxp3-
ethylated Treg cells in AIH patients than in the HC group. The 
ratio of methylation in the AIH group was significantly higher 
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Figure 2.  Evaluation for the CD4+CD25+ T cells, CD127+ Treg, Foxp3+ Treg cells, and cytokines. (A) CD4+CD25+ T cells evaluation. 
(B) Cytokines evaluation. (C) Percentage or amounts of CD127+ Treg. (D) Percentage or amounts of Foxp3+ Treg. 
Treg – regulatory T cells. * p<0.05: AIH group vs. HC group.
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compared to the HC group. There were significantly more meth-
ylation sites in the AIH group compared to HC group; therefore, 
the methylation frequency of Foxp3 in AIH group was higher 
significantly compared to that in the HC group. These results 
suggest that Foxp3 methylation participates in the pathogen-
ic processes of AIH.

There have been few investigations to clarify the roles of Tregs 
in the pathological mechanisms of autoimmune hepatitis. Liang 
et al. [34] reported that an imbalance between Tregs and Th1-
Th17-Th22 cells might contribute to the pathogenic process of 
AIH. Hao et al. [35] found that impaired Tregs differentiation 

participates in the pathogenesis of AIH. John et al. [36] dis-
covered that the apoptosis of Tregs was increased in active 
autoimmune hepatitis patients. Although our study and all 3 
of the above studies demonstrated the roles of Tregs in the 
pathological progression of AIH, they proved their conclusions 
with different approaches and methods. All of these conclu-
sions may represent novel strategies for protecting against 
damage caused by AIH.

Although our study produced some interesting results, it also 
has a few limitations. First, the laboratory models were not 
established and were not compared with the results of AIH 

Methylation 
sites

HC	group	(number	of	methylation	site) AIH	group	(number	of	methylation	site)

Methylation Non-methylation Ratio Methylation Non-methylation Ratio

P1 161 159 50.30% 207 113 64.80%*

P2 224 126 64.00% 273 77 78.00%*

P3 85 365 18.80% 214 236 47.50%**

P4 161 159 50.30% 160 160 50.00%

Table 4. Methylation detection data for Foxp3 gene of Treg cells.

HC group – health control group; AIH group – autoimmune hepatitis group. * p<0.05, ** p<0.01 vs. HC group.

Figure 3.  Foxp3 gene methylation in Treg cells of AIH patients. (A) Fox3 gene methylation observation using methylation-specific 
PCR (MS-PCR) assay. (B) Statistical analysis for the number of methylation sites. (C) Statistical analysis for the methylation 
frequency. * p<0.05: AIH group vs. HC group.
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patients. In our next study, we plan to establish animal mod-
els for the further investigation of AIH. Second, the mecha-
nism for the methylation of Foxp3+ regulatory T cells has not 
been fully clarified, and this needs to be investigated. Third, 
the methylation of VH patients was not tested because it is 
indirectly associated with the focus of this study. Fourth, the 
counting of cells with Treg markers was not sufficient to illus-
trate the biological activity. In the future, we plan to conduct 
functional tests to accurately evaluate the cell counts. Fifth, 
the clinical relevance of Tregs in pathological processes in AIH 
has not been fully clarified, and we intend to explore the clin-
ical association between Treg cells and pathological process-
es of AIH in future research.

Conclusions

Our data shows that autoimmune hepatitis patients had dam-
aged liver function, presented a series of auto-antibodies, and 
exhibited the downregulation of Foxp3, CD127, and 2 inflamma-
tory cytokines (IL-6 and IL-10). Foxp3 methylation frequency was 
significantly lower in AIH patients. Therefore, Foxp3+ regulatory T 
cells were associated with the pathological processes by activating 
the methylation modification in autoimmune hepatitis patients.

Conflict of interest

None.

References:

 1. Shibuki T, Otsuka T, Isoda H et al: Seropositivity and titers of anti-smooth 
muscle actin antibody are associated with relapse of type 1 autoimmune 
hepatitis. Med Sci Monit, 2017; 23: 4028–33

 2. An Haack I, Derkow K, Riehn M et al: The role of regulatory CD4 T cells in 
maintaining tolerance in a mouse model of autoimmune hepatitis. PLoS 
One, 2015; 10: e0143715

 3. Yuksel M, Laukens D, Heindryckx F et al: Hepatitis mouse models: From 
acute-to-chronic autoimmune hepatitis. Int J Exp Pathol, 2014; 95: 309–20

 4. Wang L, Du H, Liu Y et al: Chinese medicine bu xu hua yu recipe for the reg-
ulation of treg/th 17 ratio imbalance in autoimmune hepatitis. Evid Based 
Complement Alternat Med, 2015; 2015: 461294

 5. Al-Mogairen SM, Al Sheikh A, Husain S et al: Effect of exposure to silica in 
inducing autoimmune hepatitis: an experimental animal-controlled study. 
Eur Rev Med Pharmacol Sci, 2015; 19: 3881–85

 6. de Boer YS, van Gerven NM, Zwiers A et al: Genome-wide association 
study identifies variants associated with autoimmune hepatitis type 1. 
Gastroenterology, 2014; 147: 443–52

 7. Ma L, Qin J, Ji H et al: Tfh and plasma cells are correlated with hypergam-
maglobulinaemia in patients with autoimmune hepatitis. Liver Int, 2013; 
34: 405–15

 8. Qian J, Meng Z, Guan J et al: Expression and roles of TIPE2 in autoimmune 
hepatitis. Exp Ther Med, 2017; 13: 942–46

 9. Ohira H, Abe K, Takahashi A et al: Autoimmune hepatitis: Recent advances 
in the pathogenesis and new diagnostic guidelines in Japan. Intern Med, 
2015; 54: 1323–28

 10. Sakaguchi S, Yamaguchi T, Nomura T et al: Regulation T cells and immune 
tolerance. Cell, 2008; 133: 775–87

 11. Sakaguchi S, Ono M, Setoguchi R et al: Foxp3+ CD25+ CD4+ natural regula-
tory T cells in dominant self-tolerance and autoimmune disease. Immunol 
Rev, 2006; 212: 8–27

 12. Shevach EM: Mechanisms of Foxp3+ T cell-mediated suppression. Immunity, 
2009; 30: 636–45

 13. Liberal R, Grant CR, Yuksel M et al: Regulatory T cell conditioning endows 
activated effector T cells with suppressor function in autoimmune hepati-
tis/autoimmune sclerosing cholangitis. Hepatology, 2017; 66: 1570–84

 14. Li B, Feng ZH, Sun H et al: The blood genome-wide DNA methylation anal-
ysis reveals novel epigenetic changes in human heart failure. Eur Rev Med 
Pharmacol Sci, 2017; 21: 1828–36

 15. Wang L, Liu Y, Han R et al: Mbd2 promotes foxp3 demethylation and 
T-regulatory cell function. Mol Cell Biol, 2013; 33: 4106–15

 16. Schreiber L, Pietzsch B, Floess S et al: The Treg-specific demethylated re-
gion stabilizes Foxp3 expression independently of NF-kB signaling. PLoS 
One, 2014; 9: e88318

 17. Alvarez F, Berg PA, Bianchi FB et al: International autoimmune hepatitis 
group report: Review of criteria for diagnosis of autoimmune hepatitis. J 
Hepatol, 1999; 31: 929–38

 18. Salas SP, Russo NM: Analysis of the main ethical conflicts in the 2008 dec-
laration of Helsinki and the proposed changes in the new version. Rev Med 
Chil, 2014; 142: 475–80

 19. Xiong DD, Zhang M, Li N et al: Mediation of inflammation, obesity and fatty 
liver disease by advanced glycation end-products. Eur Rev Med Pharmacol 
Sci, 2017; 21: 5172–78

 20. Rabe H, Nordstrom I, Andersson K et al: Staphylococcus aureus convert neo-
natal conventional CD4+ T cells into Foxp3+ CD25+ CD127 (low) T cells via 
the PD-1/PD-L1 axis. Immunology, 2014; 141: 467–81

 21. Gong YX, Wang BM: Type I autoimmune hepatitis: An analysis of 102 cas-
es. World Chin J Digest, 2008; 16: 322–25

 22. Zhang J, Ying H, Wei L et al: Effect of nucleoside analogues in the treatment 
of hepatitis B cirrhosis and its effect on Th17 cell. Eur Rev Med Pharmacol 
Sci, 2017; 21: 416–20

 23. Krawitt EL: Autoimmune hepatitis. N Engl J Med, 2006; 354: 54–66

 24. Longhi MS, Hussain MJ, Mitry RR et al: Functional study of CD4+CD25+ reg-
ulation T cells in health and autoimmune hepatitis. J Immuol, 2006; 176: 
4484–91

 25. Bettilli E, Carrier Y, Gao W et al: Reciprocal developmental pathways for 
the generation of pathogenic effector Th17 and regulatory T cells. Nature, 
2006; 441: 235–38

 26. Moy L, Levine L: Autoimmune hepatitis: A classic autoimmune liver disease. 
Curr Probl Pediatr Adolesc Health Care, 2014; 44: 341–46

 27. Hu ZD, Deng AM: Autoantibodies in pre-clinical autoimmune disease. Clin 
Chim Acta, 2014; 437: 14–18

 28. Luo Q, Deng Z, Xu C et al: Elevated expression of immunoreceptor tyrosine-
based inhibitory motif (TIGIT) on T lymphocytes is correlated with disease 
activity in rheumatoid arthritis. Med Sci Monit, 2017; 23: 1232–41

 29. Hennes EM, Zeniya M, Czaja AJ et al: Simplified criteria for the diagnosis 
of autoimmune hepatitis. Hepatology, 2008; 48: 169–76

 30. Zachou K, Muratori P, Koukoulis GK et al: Review article: autoimmune hep-
atitis: Current management and challenges. Aliment Pharmacol Ther, 2013; 
38: 887–913

 31. de Aquino MT, Kapil P, Hinton DR et al: IL-27 limits central nervous system 
viral clearance by promoting IL-10 and enhances demyelination. J Immunol, 
2014; 193: 285–94

 32. Hon S, Nomura T, Sakaguchi S: Control of regulatory T cell development by 
the transcription factor Foxp3. Science, 2003; 299: 1057–61

 33. Wang L, Du H, Liu Y et al: Chinese medicine bu xu hua yu recipe for the reg-
ulation of treg/th 17 ratio imbalance in autoimmune hepatitis. Evid Based 
Complement Alternat Med, 2015; 2015: 461294

 34. Liang M, Liwen Z, Yun Z et al: The imbalance between Foxp3+ Tregs and 
Th1/Th17/Th22 cells in patients with newly diagnosed autoimmune hep-
atitis. J Immunol Res, 2018; 2018: 3753081

 35. Hao X, Li Y, Wang J et al: Deficient O-GlcNAc glycosylation impairs regu-
latory T cell differentiation and Notch signaling in autoimmune hepatitis. 
Front Immunol, 2018; 9: 2089

 36. John K, Hardtke-Wolenski M, Jaeckel E et al: Increased apoptosis of regu-
latory T cells in patients with active autoimmune hepatitis. Cell Death Dis, 
2017; 8: 3219

6212
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Chen J. et al.: 
Foxp3+ Treg autoimmune hepatitis by methylation

© Med Sci Monit, 2019; 25: 6204-6212
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


