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A B S T R A C T

Introduction and Objectives: MicroRNA-326 is abnormally expressed in autoimmune diseases, but its roles in

autoimmune hepatitis (AIH) are unknown. In this study, we aimed to investigate the effect of miR-326 on

AIH and the underlying mechanism.

Materials and Methods: Concanavalin A was administrated to induce AIH in mice and the expression levels of

miR-326 and TET2 was evaluated by qRT-PCR and western blot, respectively. The percentages of Th17 and

Treg cells were evaluated by flow cytometry and their marker proteins were determined by western blot

and ELISA. The mitochondrial membrane potential (MMP) and ROS level were tested with the JC-1 kit and

DCFH-DA assay. The binding relationships between miR-326 and TET2 were verified by dual-luciferase

reporter assay. The liver tissues were stained by the HE staining. In vitro, AML12 cells were cocultured with

mouse CD4+T cells. The expression levels of pyroptosis-related proteins were assessed by western blot.

Results: Concanavalin A triggered AIH and enhanced the expression level of miR-326 in mice. It increased

both Th17/Treg ratio and the levels of their marker proteins. The expression of TET2 was decreased in AIH

mice. Knockdown of miR-326 could decrease the levels of pyroptosis-related proteins, the ROS level and

increase MMP. In mouse CD4+T cells, miR-326 sponged TET2 to release IL-17A. Coculture of AML12 cells

with isolated CD4+T cells from miR-326 knockdown AIH mice could relieve pyroptosis.

Conclusions: Knockdown of miR-326 exerted anti-pyroptosis effects via suppressing TET2 and downstream

NF-kB signaling to dampen AIH. We highlighted a therapeutic target in AIH.

© 2023 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Autoimmune hepatitis (AIH) is a chronic inflammatory disease

regulated by autoimmune reactions. Its clinical features are elevated

serum transaminases, hypergammaglobulinemia, positive autoanti-

bodies, and histological features [1]. It mainly interfaces hepatitis

with lymphocyte and plasma cell infiltration, and severe cases can

rapidly progress to liver cirrhosis and liver failure [2]. Due to

insidious onset of AIH and lack of effective treatment, a considerable

number of AIH patients eventually develop liver cirrhosis, hepatic

encephalopathy and even die [3]. Currently, glucocorticoids and

immunosuppressants are commonly used. The treatment effect is

often unsatisfactory with side effects such as femoral head necrosis,

diabetes, infection, etc., there are many limitations and deficiencies,

resulting in a decline in the quality of life of patients [4]. It is impera-

tive to explore the pathogenesis and treatment of AIH.

MicroRNAs (miRs) are small non-coding RNAs that recognize spe-

cific target mRNAs to regulate their translation and their protein syn-

thesis [5]. MiRNAs mediate immune system development and

function and show different influences on innate and adaptive immu-

nity [6]. Our previous study found that miR-155 was abnormally

expressed in the liver tissues of AIH mice [7]. Besides, miR-326 is

highly expressed in mice CD4+T cells [8] and is involved in different

autoimmune diseases that used as a therapeutic target, such as
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autoimmune thyroiditis [9] and lupus erythematosus [10]. However,

the expression level of miR-326 in AIH and its roles have not been

studied.

Ten-eleven translocation 2 (TET2) protein is a DNA demethylase

that belongs to the TET protein family. Specifically, TET2 converts 5-

methylcytosine (5mC) to 5-hydroxymethylcytosine (5hmC) to con-

trol DNA demethylation [11]. Studies have shown that deletion of

TET2 suppresses cytokine production from Th1 and Th17 cells, lead-

ing to reduced binding of 5hmC to key transcription factors [12].

TET2 is highly expressed in the hematopoietic system, and the muta-

tion or silencing of TET2 is closely related to hematopoietic cancers

[13]. Recently, Lu et al. have raised that TET-mediated conversion of

5mC to 5hmC contributed to the differentiation of mice CD4+ T cells.

Hypermethylation occurs at high levels in the DNA of naive T cells

and increased 5hmC predicts DNA demethylation and gene activation

in differentiated T cells. Thus, TET regulates the transformation of

naive T cells into T helper (Th)1, Th2, regulatory Treg cells and Th17

cells [14]. They have also reported that the patients with allergic rhi-

nitis downregulated TET2 in their CD4+T cells compared with healthy

donors [14]. Another literature shows that TET2 is highly expressed

in normal rats’ hepatocytes [15]. TET2 in B cells regulates autoimmu-

nity by suppressing CD86 expression [16]. A recent review elucidated

the inhibitory role of TET2 in autoimmunity in details [17], but the

roles of TET2 in AIH remained unclear.

Evidence has shown that mitochondrial oxidative stress and the

NLRP3 inflammasome plays an important role in pyroptosis in human

hepatocytes [18]. NLRP3 is an intracytoplasmic immunosensor pro-

tein related to pyroptosis. The main features of pyroptosis are the

cleavage of caspase-1 and GSDMD-N-terminal, and the secretion of

inflammatory factors such as IL-1b. As an innate immune barrier,

pyroptosis can resist the invasion of external pathogens. But it can

induce various long-term chronic inflammatory diseases. In AIH, NF-

kB pathway and the assembly of the NLRP3 inflammasome are acti-

vated [19], and NLRP3 induces further inflammation and pyroptosis

[20]. In addition, it has been shown in the literature that IL-17, the

main secretory factor of Th17, is one of the important activators of

pyroptosis, and induces normal cell pyroptosis in rheumatoid arthri-

tis [21,22] and pneumonia-induced sepsis [23]. IL-17A can destroy

mitochondrial function by binding to IL-17R on cells, thereby releas-

ing ROS, activating NF-kB pathway, and inducing pyroptosis [24].

Concanavalin A-induced liver injury model is considered to be a

CD4+ T helper cell (Th) activation model in AIH [25]. AML12 cells

have been used in several autoimmune hepatitis studies [26,27].

Therefore, we established AIH mouse model using concanavalin A

and AML12 cells were cocultured with CD4+T cells to investigate the

effects of miR-326 and its potential target in AIH, and provide poten-

tial therapeutic options for AIH.

2. Material and methods

2.1. Mice

Male C57BL/6 mice (6-8-week old) (Changsheng, China) were

housed under 12 h light/dark cycles with food and water supply. Con-

canavalin A was injected at a dose of 20 mg/kg via tail vein, and the

level of miR-326 was measured at different time points (0, 6, 12, 24,

48, 72 h) in liver tissue. To knock down intrinsic miR-326, 100 nmol

of antagomiR-326 (KD-miR-326) or negative control antagomiR-NC

(KD-NC) (GenePharma, China) were injected into tail vein of mice

before the establishment of the AIH model. Mice were assigned into

blank group, AIH group, AIH+KD-NC group and AIH+KD-miR-326

group. After knockdown of miR-326 in mice, concanavalin A was

injected via the tail vein to trigger AIH. 48 h later, the mice were

anesthetized using thiopental (40 mg/kg, ip). Blood was obtained

from the retro-orbital plexus. Then, mice were euthanized by carbon

dioxide asphyxiation and liver tissues were rapidly isolated for sub-

sequent experiments [7,28,29].

2.2. Cell culture, coculture and transfection

Peripheral blood mononuclear cells (PBMCs) were isolated using

Lymphocytes separation medium (Dakewe, China). PBS was added to

the blood and transferred into 5 ml separation medium. After

centrifuging at 500 g for 0.5 h, PBMCs were collected.

CD4+ T cells were isolated from the liver using the Mouse CD4+ T

cell isolation kit (nwbiotec, China). After verifying the purity, 1£104

cells/mL of CD4+ T cells were inoculated in 5 mL X-Vivo 15 medium

(Lonza, Switzerland) with 10 % autologous serum and 100 U/mL anti-

biotics.

Murine AML12 cells were inoculated in DMEM/F-12 (Procell,

China) containing ITS supplement (Procell, China) and FBS (Procell,

China). A total of 1£105 AML12 cells were cultured for 24 h and then

cocultured with mouse 1£106 CD4+ T cells for 48 h, and then col-

lected for subsequent experiment [30].

To knock down and over express miR-326, CD4+T cells were

transfected by miR-326 inhibitor (KD-miR-326) / negative control

(KD-NC) and miR-326 mimic / mimic NC, respectively. siRNA TET2

was transfected into CD4+T cells to knock down TET2. The transfec-

tion was performed by Lipofectamine 3000 (Invitrogen, USA).

2. 3 qRT-PCR

RNA extraction was conducted with RNApure Kit (Bioteke, China).

The reverse transcription was performed with Super M-MLV Kit (Yea-

sen, China). QRT-PCR was executed with the QuantStudio 7 Pro Sys-

tem (ABI, USA) using the SYBR Green Realtime PCR Master Mix

(Solarbio, China) and 2 £ Power Taq PCR Master Mix (Bioteke, China).

Primer sequences were shown in Table 1. U6 was used as the internal

control gene of miR-326 and b-actin was used as the internal control

gene of TET2. Relative expression levels were normalized by the

2�DDCt method.

2.4. Western blot

Proteins were extracted with RIPA Lysis Buffer (Solarbio, China)

and quantified using a BCA Kit (Solarbio, China). After separation via

SDS-PAGE (Genscript, China) and transferring to the PVDF membrane

(Merck, USA), primary antibodies against TET2 (1:1000, Abcam, USA),

FOXP3 (1:1000, Abcam, USA), RORgT (1:1000, Abcam, USA), NLRP3

(1:1000, Abcam, USA), IL-1b (1:1000, Abcam, USA), cleaved caspase 1

(1:1000, CST, USA), GSDMD-N (1:1000, Abcam, USA), TNF-a (1:1000,

Abcam, USA), p-IkBa (1:1000, Abcam, USA), IkBa (1:1000, USA), p-

P65 (1:1000, Abcam, USA), IkBa (1:1000, Abcam, USA), GAPDH

(1:5000) and b-actin (1:5000) (Abcam, USA) were administrated at

4°C for 12 h. Next, secondary HRP-conjugated antibody (1:2000) was

added and incubated for 1 h. The bands were visualized with a DAB

kit (Solarbio, China). The relative expression levels were calculated

via Image J 1.53H (NIH, USA).

Table 1

The primer sequences for RT-qPCR.

Primer sequences

miR-326 (forward) 5ʹ-CTTGTTACGGTACTCGG-3ʹ

(reverse) 5ʹ-CACTCTATGTGGCAGCTTA-3ʹ

U6 (forward) 50-CACGGATCCTGCAACTAA-30

(reverse) 50-TGCGCAGTTAGAGTCAGG-30

TET2 (forward) 50-GTGCCTGAACGATACCAGAA-30

(reverse) 50-CAGAAGCAACTCTCGGTAGG-30

b-actin (forward) 5ʹ-CACGAAACTACGTGCAGCTCC-3ʹ

(reverse) 5ʹ- CATACTCATGCATGCTGATC-3ʹ
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2.5. ELISA

The levels of IL-10, IL-17A and IL-23 were determined by ELISA

kits (MultiScience, China) and the indicators of liver function (ALT,

AST and ALP) were assessed by detection kits (Jiancheng, China).

2.6. Hematoxylin-eosin (HE) staining

Mouse liver tissues were stored in 10 % formalin (Solarbio, China).

For HE staining, the samples were resected, fixed in 4 % paraformal-

dehyde (Hushi, China) and embedded. The slides were sectioned and

stained with H&E staining kit (Solarbio, China), and observed under

the microscope (Olympus, Japan).

2.7. Dual-luciferase reporter assay

The binding relationship was detected by Promega Luciferase

Assay System (Promega, USA). Wildtype (WT) TET2 containing miR-

326 binding site and mutant (MT) TET2 without miR-326 binding site

were sub-cloned into PsiCHECK2 luciferase reporter vectors. Then,

the vectors and miR-326 mimic / mimic-NC were co-transfected into

CD4+T cells. Forty-eight hour later, relative luciferase activity (Lucif-

erase/Renilla) was determined.

2.8. Flow cytometry

To obtain a single-cell suspension, mouse liver tissues were

homogenized and washed by PBS. Collagenase was added for diges-

tion at 37°C for 4 h. Disperse cells and tissue fragments were sepa-

rated through 70-mm nylon cell strainers. Cell suspensions were

washed twice by PBS. Re-suspension of the precipitation with 33 %

Percoll superimposed on 70 % Percoll solution in another centrifuge

tube. After spinning at 2400 rpm for 25 min, the white blood cell

layer at the interface of 2 layers of Percoll solution was absorbed into

another centrifuge tube and was spun at 800 rpm for 5 min following

washing with 1 £ PBS solution for twice. The collected cells were

lymphocytes [31].

To evaluate the percentage of T cells in liver lymphocytes, cells

were stained with FITC anti-CD3 antibody (ab239226, Abcam) plus

Alexa Fluor 488 anti-CD4 antibody (ab252149, Abcam). To determine

the proportion of Treg cells and Th17 cells, Alexa Fluor 488 anti-CD4

antibody (ab252149, Abcam) plus APC anti-FOXP3 (ab200568,

Abcam) or Alexa Fluor 488 anti-CD4 antibody (ab252149, Abcam)

plus APC anti-IL-17A (17-7177-81, Thermo Fisher, USA) were applied

respectively. The samples were analyzed using CytoFLEX (Beckman-

Coulter, USA).

The apoptosis of AML12 cells was assessed using an Annexin V-

FITC/PI staining kit (Beyotime, China). The cells were treated with

Annexin V-FITC and PI accordingly and analyzed using the CytoFLEX

(Beckman-Coulter, USA).

2.9. ROS assay

ROS level was checked using the DCFHDA kit (Abcam, USA). The

supernatant was obtained from fresh liver tissue homogenized and

administrated by 10mMDCFDA diluent for 30 min. AML12 cells were

incubated in 6 well plates (106 cells/well) and cultured for 24 h.

DCFDA 10 mM diluent was administrated for 30 min and cells were

washed by serum-free medium for three times. Fluorescence was

recorded by a Varioskan LUX multiplate reader (Thermo Fisher, USA)

with a wavelength of 485nm/535nm.

2.10. Evaluation of mitochondrial membrane potential (MMP)

The JC-1 MMP Assay Kit (Abcam, USA) was selected to detect

MMP. MinuteTM Mitochondria Isolation kit (Invent Biotechnologies,

USA) was used to extract mitochondria in liver tissue according to

the manufacturer’s instruction [32]. Briefly, 0.9 ml JC-1 solution was

mixed with 0.1 ml of 100 mg extracted mitochondria. And AML12

cells were collected and stained with JC-1 solution. Higher MMP

would trigger aggregation of JC-1 to show red fluorescence while JC-

1 would stay as monomers and show green fluorescence due to low

MMP. Excitation wavelength 485 nm, emission wavelength 590 mm.

The results were captured by a fluorescence spectrophotometer.

2.11. MTT assay

AML12 cells ( 104 cells/well) were maintained in 96-well plates.

Then, 10 mL 5 mg/ml MTT (Solarbio, China) was added and main-

tained for 4 h. Then the formazan crystals (Solarbio, China) were dis-

solved with 150 mL dimethyl sulfoxide (DMSO; Solarbio, China). OD

value was measured at 490 nm by a Varioskan LUX multiplate reader

(Thermo Fisher, USA).

2.12. Statistical analysis

The experiments were performed in triplicate and repeated for

three times. Data were expressed as mean § SEM. Graphpad Prism

9.3.1 was used for data analyses. The differences were analyzed by

Student’s t-test or one-way ANOVA. P<0.05 indicated a statistical sig-

nificance.

2.13. Ethical statement

All animal experiments complied with the Animal Research:

National Institutes of Health guide for the care and use of Laboratory

animals (NIH Publications No. 8023, revised 1978). This research was

approved by the Animal Care Committee of Shandong Provincial Hos-

pital Affiliated to Shandong First Medical University and followed the

Guide for the Care and Use of Laboratory Animals.

3. Results

3.1. Knockdown of miR-326 ameliorated the immune imbalance in mice

AIH model

qRT-PCR was to evaluate the expression level of miR-326 in the

liver tissue of concanavalin A-induced AIH mice, and the result

showed that the expression of miR-326 was increased in a time-

dependent manner before 48 h and significantly elevated at 48 h and

72 h, and miR-326 expression was highest at 48 h. It may be due to

massive necrosis of hepatocytes that the expression of miR-326 at

72 hours is lower than that at 48 hours. Based on this, 48 h was cho-

sen as the appropriate time point for concanavalin A treatment

(Fig 1A). After that, the expression of miR-326 in mice after adminis-

tration of KD-miR-326 or KD-miR-NC for 48 h was verified, and miR-

326 expression was successfully inhibited in KD-miR-326 group

(Fig 1B). AIH group had a higher expression level of miR-326 in con-

trast to blank group and miR-326 expression was lower in AIH+KD-

miR-326 group compared with AIH+KD-NC group (Fig 1C). Moreover,

AIH group had a higher level of liver function indicators (ALT, AST

and ALP) compared with blank group, this indicated hepatotoxicity

in AIH mice. Knockdown of miR-326 decreased the levels of liver

function indicators in AIH+KD-miR-326 group, this proved that

knockdown of miR-326 ameliorated concanavalin A-induced liver

damage in mice (Fig 1D). Next, it was reported that the percentage of

CD3+/CD4+ cells in the AIH group was increased and AIH+KD-miR-

326 group had a lower level of CD3+/CD4+ cells compared with AIH

+KD-NC group (Fig 1E). In addition to this, the effects of miR-326

inhibition on the differentiation of Treg cells and Th17 cells were

explored by flow cytometry. Both the percentages of Treg cells

(Foxp3+/CD4+) and Th17 (IL-17A+/CD4+) cells in AIH group were

G. Zhang, S. Wu and G. Xia Annals of Hepatology 29 (2024) 101183

3



Fig. 1. Knockdown of miR-326 ameliorated AIH in mice. (A) The expression level of miR-326 was detected by qRT-PCR in concanavalin A-induced AIH mice at different time points.

(B) The expression level of miR-326 was detected by qRT-PCR in mice treated with antagomiR-326 or antagomiR-NC. (C) The expression level of miR-326 was detected by qRT-PCR

in AIH mice treated with antagomiR-326 or antagomiR-NC. (D) The liver function of mice was tested by commercial kits. (E) The percentage of CD3+/CD4+T cells in mice was evalu-

ated by flow cytometry. (F) The percentage of Th17 and Treg cells in liver tissue was evaluated by flow cytometry. (G) The expression of protein markers of Th17 and Treg cells in

liver tissue were detected by western blot. (H) The levels of protein markers of Th17 and Treg cells in mice were evaluated by ELISA. *: P < 0.05 and **: P < 0.01. ALT, alanine amino-

transferase; AST, aspartate aminotransferase; ALP; alkaline phosphatase.
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higher in contrast to blank group, and the Th17/Treg ratio was also

increased, whereas the percentages of both Treg and Th17 cells and

the Th17/Treg ratio were lower after the treatment of KD-miR-326.

(Fig 1F). Next, the results showed that the levels of Treg cell markers

(FOXP3 and IL-10) and Th17 cell markers (RORgT, IL-17A and IL-23)

were higher in AIH group compared with blank group. Knockdown of

miR-326 in AIH+KD-miR-326 group decreased their expression levels

compared with that in AIH+KD-NC group (Fig 1G-H). This indicated

that knockdown of miR-326 suppressed the Treg/Th17 cells differen-

tiation and ameliorated immune imbalance in mice.

3.2. Knockdown of miR-326 inactivated NF-kB pathway and

ameliorates pyroptosis in mice AIH model

It was observed that the administration of concanavalin A trig-

gered liver focal necrosis and inflammatory infiltration that the

arrows point to in AIH and AIH+KD-NC groups compared with blank

group. And these symptoms were mitigated in AIH mice treated with

KD-miR-326 (Fig 2A). HE result also indicated that the morphology

and arrangement of hepatocytes were normal in blank group, and

inflammatory cell infiltration, degeneration vacuolization and mas-

sive necrosis occurred in liver tissue in AIH and AIH+KD-NC groups,

and knockdown of miR-326 alleviated the inflammatory and necrosis

in AIH+KD-miR-326 group (Fig 2B). Besides, IL-17 could induce mito-

chondrial damages to release ROS and activate NF-kB pathway [24].

In order to investigate the mechanism of miR-326 in concanavalin A-

induced liver inflammatory response, ROS level and MMP were eval-

uated. It was reported that AIH group had a higher level of ROS and a

lower level of MMP compared with blank group. Knockdown of miR-

326 exerted anti-oxidative and protective effects via reducing ROS

level and enhancing MMP in AIH+KD-miR-326 group (Fig 2C-D).

Moreover, Western blot result showed that concanavalin A treatment

upregulated the expression levels of pyroptosis-related proteins and

activated NF-kB signaling pathway, whereas knockdown of miR-326

ameliorated pyroptosis and inactivated NF-kB signaling pathway

(Fig 2E). These results revealed that knockdown of miR-326 inacti-

vated NF-kB pathway and dampened the pyroptosis of hepatocytes

in concanavalin A-induced AIH mice.

3.3. MiR-326 sponged TET2 in mice CD4+T cells, promoted the

production of IL-17A and induced differentiation of Th17 cells

qRT-PCR and western blot results reported that AIH group had a

lower expression level of TET2 in contrast to blank group in the liver

tissues of AIH mice. The expression of TET2 was higher in AIH+KD-

miR-326 group in contrast to AIH+KD-NC group in the liver tissues of

AIH mice (Fig 3A-B). To detect the relationship of miR-326 and TET2

in AIH, Pearson’s correlation test was used to analyze the expression

of miR-326 and TET2 in liver tissues of AIH mice. R2 was 0.4629, and

indicated that the expression level of miR-326 was negatively corre-

lated with TET2 mRNA (P=0.0437, Fig 3C). Using ENCORI, we found

that miR-326 could bind to TET2 mRNA complementarily, this pre-

dicted that there was a targeting relationship between them (Fig 3D).

This was verified by dual-luciferase reporter assay. miR-326

decreased the relative luciferase activity in miR-326 mimic+TET2 WT

group, and there was no significant difference among relative lucifer-

ase activity of other groups (Fig 3E).

Then the transfection efficiency of knockdown and overexpres-

sion miR-326 in isolated CD4+T cells in mice was verified by qRT-PCR

(Fig 3F). After that, it was found that overexpression of miR-326

inhibited the expression of TET2, whereas knockdown of miR-326

exerted opposite effects in transfected CD4+T cells (Fig 3G-H). After

verifying the transfection efficiency of si-TET2 using qRT-PCR and

western blot (Fig 3I-J), ELISA result verified that knockdown of miR-

326 reduced the secretion of IL-17A, which could subsequently sup-

press the differentiation of Th17 cells. And this impact was reversed

Fig. 2. Knockdown of miR-326 protected mitochondria and ameliorated pyroptosis of hepatocytes in AIHmice. (A) The images of mouse liver. Arrowhead: focal necrosis and inflam-

matory infiltration. (B) HE staining of mouse liver tissues 200£magnification, scale = 50mm; 400£magnification, scale = 20mm). (C) ROS level was measured by DCFHDA assay. (D)

MMP was measured by JC-1 assay. (E) The expression levels of pyroptosis-related proteins and NF-kB pathway-related proteins were determined with western blot. *: P < 0.05 and

**: P < 0.01.
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by knockdown of TET2 (Fig 3K). These results indicated that miR-326

sponged TET2 in mice CD4+T cells and increased the production of IL-

17A to promote the differentiation of Th17 cells.

3.4. Knockdown of miR-326 ameliorated the pyroptosis of AML12 cells

cocultured with mouse CD4+T cells

The CD4+T cells in PBMCs of four groups of mice was obtained.

AML12 were cocultured with CD4+T cells for 48 h. MTT assay result

showed that the viability of AML12 cells in AIH group was decreased.

Knockdown of miR-326 rescued the decrease of cell viability caused

by AIH in AIH+KD-miR-326 group (Fig 4A). Flow cytometry showed

similar findings. Coculture of AML12 cells with CD4+T cells in AIH

group upregulated the apoptotic rate of AML12 cells, whereas these

effects were counteracted by knockdown of miR-326 (Fig 4B).

Then ROS level and MMP in cocultured AML12 cells were also

evaluated. The cells in AIH group had a higher level of ROS and a

lower level of MMP compared with blank group. Knockdown of miR-

326 exerted anti-oxidative and protective effects via decreasing ROS

level and enhancing MMP (Fig 4C-D). Last but not least, the results

exhibited that the cocultured AML12 cells in AIH group expressed

higher levels of pyroptosis-related proteins in contrast to those in

blank group. Knockdown of miR-326 neutralized the cell pyroptosis

by reducing the expression levels of pyroptosis-related proteins in

AIH+miR-326 group. These results above revealed that the knock-

down of miR-326 ameliorated the pyroptosis of AML12 cells cocul-

tured with CD4+T cells.

4. Discussion

Currently, an increasing prevalence of AIH is observed globally,

with a relative increase in the percentage of male patients [33]. It is

of great significance to investigate the pathogenesis of AIH and effec-

tive drugs. Due to the development of basic immunology, the diagno-

sis and treatment of immune diseases have advanced rapidly. In

particular, biological therapy has achieved certain results in systemic

lupus erythematosus and rheumatoid arthritis. But unfortunately,

Fig. 3. miR-326 sponged TET2 in mice CD4+T cells and promoted the production of IL-17A. (A) and (B) The expression of TET2 in mice was detected by qRT-PCR and western blot,

respectively. (C) The relationship between the levels of miR-326 and TET2 mRNA in liver tissue of AIH mice was analyzed by Person’s correlation test. The binding relationship

between miR-326 and TET2 in mice was (D) predicted by ENCORI and (E) verified by the dual-luciferase reporter assay. (F) The transfection efficiency was verified by qRT-PCR. (G)

and (H) The expression level of TET2 was detected in miR-326 mimic or KD-miR-326 transfected CD4+T cells by qRT-PCR and western blot, respectively. (I) and (J) The transfection

efficiency was verified by qRT-PCR and western blot, respectively. (K) The level of IL-17A was tested by ELISA. *: P < 0.05 and **: P < 0.01.
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the treatment of AIH has been in the blank, which is the research

motivation of this study.

Liver is an immune organ rich in immune cells. Inflammatory

cytokines could accelerate the autoimmune process, and it is the

main pathogenesis of concanavalin A-induced hepatitis [7]. In AIH,

autoimmune-induced liver damage is triggered by CD4+T cells. CD4

+T lymphocytes are important immune cells, which can be differenti-

ated into Th1 cells, Th2 cells, Th17 cells and Treg cells under the

induction of different cytokines. Furthermore, activated T cells in AIH

will break the balance between Treg and Th17 cells. This is an impor-

tant hallmark of AIH, and modulating Treg/Th17 balance may be a

potential therapeutic approach for AIH. Treg cells use Foxp3 and IL-

10 as differentiation markers to control autoimmune suppression.

Th17 cells are a newly discovered class of T lymphocyte subsets with

IL-17A and IL-23 as differentiation markers, and are mediated by the

transcription factor RORgt. Th17 cells mainly promote inflammation

[34]. Our previous study reported abnormal accumulation of both

Treg and Th17 cells and upregulated Th17/Treg ratio after adminis-

tration of concanavalin A [7]. In this study, similar results were

observed.

MiRNAs are involved in the control of growth, development,

aging, and apoptosis of organisms. More than 100 miRNAs are

expressed in immune cells and control innate and adaptive immu-

nity. As important post-transcriptional regulators, microRNAs are

abnormally expressed in different diseases. In Behcet’s disease [35]

and multiple sclerosis [36], miR-326 regulates the occurrence and

development of autoimmune diseases by controlling its target genes,

affecting the expression of various cytokines or the activity of tran-

scription factors. In heart transplantation patients, miR-326 can be

used as an indicator for early diagnosis of rejection. Patients with ele-

vated miR-326 have a high chance of rejection [37]. In patients with

multiple sclerosis, miR-326 regulates the differentiation of Th17 cells

by acting on the target gene Ets1. Animal studies further confirmed

that the level of miR-326 was associated with the severity of the dis-

ease [9]. Increased expression of miR-326 was found in patients with

type I diabetes [38]. MiR-326 is overexpressed in patients with sys-

temic lupus erythematosus, and miR-326 affects the differentiation

and proliferation of B cells through Ets-1 to trigger the pathogenesis

of systemic lupus erythematosus [39]. In people with Behcet’s dis-

ease, it was found that miR-326 was highly expressed in PBMCs [40].

Another study found that miR-326 could activate NF-kB pathway to

exacerbate inflammation [41].

The ENCORI database predicted that miR-326 could target TET2. In

autoimmune myelodysplastic syndromes, TET2 mutation and dele-

tion are closely associated with the progress of the disease and

inflammatory response [13]. In type 1 diabetes, TET2 has been shown

to regulate immune cell function and immune response, and loss of

TET2 allows beta cells to be attacked and destroyed by autoimmune

cells [42,43]. Some miRNAs, such as miR-22, miR-26a, miR-29 and

miR-125b, have been shown to target the expression of TET2. Tar-

geted inhibition of TET2 expression can promote cellular inflamma-

tory pyroptosis [44]. TET2 has a role in the regulation of

inflammation [45]. There is also evidence that TET2 can inhibit the

activation of NF-kB P65, and that miR-210 can target and inhibit the

expression of TET2, which can activate NF-kB pathway [46]. Last but

not least, IL-17A can destroy mitochondrial function by binding to IL-

17R on cells, thereby releasing ROS, activating NF-kB pathway, and

inducing pyroptosis [24].

5. Conclusions

The expression of miR-326 was upregulated in AIH mice. Knock-

down of miR-326 exerted beneficial effects by ameliorating pyropto-

sis of hepatocytes via sponging TET2 and inactivation of NF-kB

Fig. 4. Knockdown of miR-326 ameliorated the pyroptosis of cocultured AML12 cells. (A) The viability of cocultured AML12 cells was examined by MTT assay. (B) The apoptotic of

cocultured AML12 cells was detected with flow cytometry. (C) ROS level was measured by the DCFHDA assay in AML12 cells. (D) The MMP was measured by JC-1 assay. (E) The

expression of pyroptosis-related proteins was determined with western blot. *: P < 0.05, **: P < 0.01.
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pathway. This study might provide a potential molecular therapeutic

target or diagnostic biomarkers for AIH.
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