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Abstract

BACKGROUND

Traditional Chinese medicine has used the drug Pien Tze Huang (PTH), a classic
prescription, to treat autoimmune hepatitis (AIH). However, the precise mode of
action is still unknown.

AIM

To investigate the mechanism of PTH in an AIH mouse model by determining the
changes in gut microbiota structure and memory regulatory T (mTreg) cells
functional levels.

METHODS

Following induction of the AIH mouse model induced by Concanavalin A (Con
A), prophylactic administration of PTH was given for 10 d. The levels of mTreg
cells were measured by flow cytometry, and intestinal microbiota was analyzed
by 16S rRNA analysis, while western blotting was used to identify activation of
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the toll-like receptor (TLR)2, TLR4/nuclear factor-xB (NF-xB), and CXCL16/CXCR6 signaling pathways.

RESULTS

In the liver of mice with AIH, PTH relieved the pathological damage and reduced the numbers of T helper type 17
cells and interferon-y, tumor necrosis factor-alpha, interleukin (IL)-1p, IL-2, IL-6, and IL-21 expression. Simultan-
eously, PTH stimulated the abundance of helpful bacteria, promoted activation of the TLR2 signal, which may
enhance Treg/mTreg cells quantity to produce IL-10, and suppressed activation of the TLR4/NF-xB and
CXCL16/CXCR6 signaling pathways.

CONCLUSION
PTH regulates intestinal microbiota balance and restores mTreg cells to alleviate experimental AIH, which is
closely related to the TLR/CXCL16/CXCR6/NF-kB signaling pathway.

Key Words: Pien Tze Huang; Autoimmune hepatitis; Intestinal microbiota; Memory regulatory T cell; Toll-like receptor
signaling

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intestinal microbiota disorder plays an important role in the pathogenesis of autoimmune hepatitis (AIH), in which
one of the main characteristics is the hypofunction of memory regulatory T (mTreg) cells to maintain immune tolerance. The
interaction between Treg cells and intestinal microbiota may provide a feasible therapeutic strategy for AIH. As a well-
known traditional Chinese medicine, Pien Tze Huang (PTH) can effectively treat ATH in the clinic. However, its mechanism
is still unclear. In the present study, PTH regulated intestinal microbiota balance and restored mTreg cells to alleviate experi-
mental ATH, which was closely related to the toll-like receptor/CXCL16/CXCR6/nuclear factor-kB signaling pathway.
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INTRODUCTION

Autoimmune hepatitis (AIH) is an interfacial hepatitis characterized by lymphocyte infiltration and the production of
autoantibodies; however, its etiology is unknown. Some studies have suggested that AIH is associated with abnormal
intestinal permeability[1]. In the case of increased intestinal permeability or intestinal leakage, abnormal intestinal
microbiota can enter the submucosa to activate immune cells and produce inflammatory factors or metabolites, which can
invade the liver through the portal vein and cause liver injury. Among the many mechanisms that the immune system
uses to recognize microbiota are the toll-like receptors (TLRs), which directly promote regulatory T (Treg) cell prolif-
eration and interleukin (IL)-10 production, thereby preventing imiquimod’s ability to induce psoriasis-like symptoms on
the skin[2]. Moreover, in the peripheral blood of patients with AIH, some studies have discovered a reduced frequency of
Treg cells, essential agents which maintain immune homeostasis, indicating that a deficiency in Treg cell quantity and
abnormal Treg cell function may play a vital role in the pathogenesis of ATH[3].

The treatment for AIH is usually high doses of a steroid, which can suppress the immune system. Recent studies have
suggested using intestinal microbiota as a potential strategy to treat AIH[4,5]. In their study it was shown that compound
probiotics may regulate intestinal microbiota and intestinal permeability, reduce the level of T helper type 1 (Thl) and
Th17 cells, improve the level of Treg cells, suppress activation of the TLR4/nuclear factor-xB (NF-xB) pathway, and
promote the emergence of AIH[6]. Therefore, for patients with AIH, the interaction between Treg cells and intestinal
microbiota may provide a feasible therapeutic strategy. However, the activation degree of effector Treg cells is closely
related to memory Treg (mTreg) cells[7], suggesting that mTreg cells could quickly transform into effector Treg cells,
playing a crucial part in preserving immunological tolerance.

As a well-known traditional Chinese medicine, Pien Tze Huang (PTH) contains Moschus, Bovis calculus, Snake bile,
Notoginseng radix et rhizoma, and other ingredients[8,9] and is regularly used to treat liver conditions, including AIH
[10-14]. PTH controls the NF-kB signaling pathway and the NLRP3 inflammasome to reduce IL-1, IL-6, and IL-17
production in blood and to reduce joint inflammation in mice with collagen-induced arthritis[10]. However, the definite
mechanism of PTH is not fully understood. PTH has a physiological basis for controlling Treg cells and intestinal
microbiota. Bile acid, the active component of Bovis calculus and Snake bile, and notoginsenoside R1, is a potent saponin
that is extracted from Panax notoginseng. The immune system’s signals to the microbiota may be mediated by bile acids
[15]. Song et al[16] reported that dietary adjustment and flora transplantation could improve a significant population of
colonic Foxp3* Treg cells with highly-expressed RORy, and optimize the constituents of the gut bile acids pool. Moreover,
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Gong et al[17] found that notoginsenoside R1 modulates NF-xB and MAPK signaling to exert anti-inflammatory effects to
reduce carbon tetrachloride-induced liver fibrosis. Based on the above evidence, we hypothesized that PTH could treat
intestinal microbiota imbalance and a lack of mTreg cells. Thus, this research aimed to determine the mechanism of PTH
in the AIH mouse model by observing the changes in intestinal microbiota structure and mTreg functional levels.

MATERIALS AND METHODS

Mice

Forty male specific pathogen-free C57BL/6] mice (aged 8-9 wk; 20-22 g) were bought from GemPharmatech Co., Ltd.
(Nanjing, China) (Animal Certificate Number: SCXK (Su)2018-0008). The mice were housed at a temperature of 22 +1 °C,
relative humidity of 50% + 10%, and a light/dark cycle of 12/12 h. All animal experiments (including euthanasia of mice)
were performed in accordance with the Institutional Animal Care and Use Committee’s guidelines (Nanchang, China).
The experimental protocols (Permit Number: JZLLSC20210090) were approved by The Jiangxi University of Chinese
Medicine’s Animal Care and Use Committee.

Materials and reagents

Concanavalin A was bought from Sigma-Aldrich Trading Co., Ltd. (CA, United States, No. C2010-250MG). Dexa-
methasone (DXM) was obtained from Henan Runhong Pharmaceutical Co., Ltd. (Henan, China, No. 2103111). PTH was
acquired from Zhangzhou PTH Pharmaceutical Co., Ltd. (Zhangzhou, China, No. 2108123). As mentioned in previous
studies by other researchers, the online pressurized liquid extraction-ultra-high-performance liquid chromatography-ion
trap-time-of-flight mass spectrometry (online PLE-UHPLC-IT-TOF-MS) method was used for rapid and comprehensive
analysis of the components of PTH. PTH produced a total of 73 signals, of which 71 components could only be inferred
from the data. Bovis calculus and Snake bile worked together in a synergistic way to contribute to the occurrence of the
remaining 11 components, which included 36 from Notoginseng radix et rhizoma, 15 from Snake bile, and 9 from Bovis
calculus (Supplementary Table 1)[18,19].

Induction and treatment of experimental AIH
In order to determine the optimal dose of PTH in treating AIH, an animal experiment was carried out on the treatment of
AIH with high, middle, and low doses of PTH.

According to earlier research[20,21], the mice were randomly allocated into 6 groups (10 mice in each group): Control
group (control), Concanavalin A (Con A) group (model), Con A + low-dose PTH group (PTH-L), Con A + middle-dose
PTH group (PTH-M), Con A + high-dose PTH group (PTH-H), and Con A + DXM group (DXM). Mice in the Con A +
PTH-L, Con A + PTH-M, and Con A + PTH-H groups received PTH (117 mg/kg, 234 mg/kg, and 468 mg/kg) every day
for 10 d by gavage, respectively, while mice in the normal group and Con A group received the same amount of normal
drinking water. The DXM group was intraperitoneally injected with DXM (3 mg/kg) every day. On the 10" d, the AIH
mouse model was established, three hours after the last administration of PTH, the mice in the normal control group
were injected with 0.2 mL of 0.9% sodium chloride solution through the tail vein, and mice in the other 5 groups were
injected with 15 mg/kg Con A through the tail vein. At 8 h after Con A injection, fresh blood was collected from the mice
after deep anesthesia with 2% sodium pentobarbital (20 mg/kg i.p.). The abdominal cavity was then quickly opened to
collect mouse liver, spleen and colon tissues.

Mice in the Con A + PTH-M group received PTH (234 mg/kg) every day for 10 days by gavage, while mice in the
control group and Con A group received the same amount of normal drinking water. The DXM group was intraperi-
toneally injected with DXM (3 mg/kg) every day. On the 10* day, the AIH mouse model was established as originally
stated; three hours after the last administration of PTH, 0.2 mL of a 0.9% sodium chloride solution was injected into the
tail vein of the mice in the normal control group, and the mice in the other three groups received an intravenous injection
of 15 mg/kg Con A into the tail vein. At 8 h after Con A injection, fresh blood was collected from the mice after deep
anesthesia with 2% sodium pentobarbital (20 mg/kg i.p.). The abdominal cavity was swiftly opened to collect mouse
colon, spleen, and liver tissues.

Serum measurements

Mouse peripheral blood was centrifuged at 1123 g for 15 min to extract the serum. An automated chemistry analyzer was
used to measure the concentrations of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), albumin (ALB), globulin (GLB), total protein (TP), indirect bilirubin (IBIL), triglyceride (TG), and
high-density lipoprotein (HDL) IBIL in mice (AU480, Beckman Coulter, Pasadena, CA, United States).

Pathological observation

After one week of fixing in 4% buffered paraformaldehyde, the sample was dehydrated in a 50% to 100% alcohol
gradient, made completely transparent in dimethyl benzene, and embedded in paraffin. Following deparaffinization and
rehydration, the samples were cut into sections 4 pm thick and stained with hematoxylin-eosin (Solarbio, Beijing, China).
Thereafter, the slices were randomly and double-blindly observed, and scored by pathologists using a biomicroscope
(Lecia, Wetzlar, Germany). Using the Ishak scoring system[22] shown in Supplementary Table 2, liver damage was
graded with regard to portal and intralobular inflammation, degeneration, and necrosis. The degree of pathology was
graded from 0 (no pathology) to 6 (severe pathology).
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Immunofluorescence staining of colon tissue

Immunofluorescence of intestinal mucosae was carried out to evaluate occludin expression and distribution. The tissues
were quickly deparaffinized, rehydrated, and cleaned in 1% phosphate buffered saline. The samples were then blocked
with 5% bovine serum albumin, and subsequently incubated with occludin (1:100, Abcam, MA, United States) at 4 °C
overnight. After three washes, at room temperature, the samples were incubated with anti-FITC IgG secondary antibody
for two hours. Finally, the slides were then counterstained with DAPI for 5 min. Images were captured using a
fluorescent microscope (Leika, Wetzlar, Germany).

Enzyme-linked immunosorbent assay

Mouse liver tissues were removed and cut into pieces in lysis buffer at the proportion of 1:10, homogenized in ice water
using an electric homogenizer, incubated at 4 °C for 30 min, and the supernatants were then removed by centrifugation at
15493 g for 15 min. The expression levels of IL-4 (No. MM-0165M1), IL-17A (No. MM-0170M1), interferon (IFN)-y (No.
MM-0182M1), IL-1p (No. MM-0040M1), IL-2 (No. MM-0701M1), IL-6 (No. MM-0163M1), IL-10 (No. MM-0176M1, MM-
0176M1), IL-21 (No. MM-0688M1) and tumor necrosis factor-alpha (TNF-a) (No. MM-0132M1) were detected by a
commercial enzyme-linked immunosorbent assay (ELISA) kit (Jiangsu Meimian Industry Co., Ltd., Jiangsu, China).
According to the instructions the absorbance was measured at 450 nm by a microplate reader (Bio-Rad Laboratories Inc.,
Hercules, CA, United States).

Flow cytometry

Mouse spleen was ground in a sterile culture dish and filtered through nylon mesh to prepare a single cell suspension.
RPMI 1640 tissue medium was used to suspend the splenocytes, 10% heat-inactivated fetal bovine serum, 50 units per
milliliter of penicillin, and 50 nanograms per milliliter of streptomycin were added, and cultivated for three hours at 37
°C with Cell Stimulation Cocktail after erythrocyte lysis (BD Biosciences, Franklin Lakes, NJ, United States). Extracellular
antigens were stained for 20 min at 4 °C in RPMI 1640 medium following FcyR blockage with anti-CD16/32 antibodies
(BD Biosciences, Franklin Lakes, NJ, United States). Foxp3/Transcription Factor Buffer Set (BD Biosciences, Franklin
Lakes, NJ, United States) was used to fix and permeabilize the cells before staining for intracellular cytokines. CellQuest
(BD Biosciences, CA, United States), and a BD FACSCalibur flow cytometer were used to collect the samples, and Flow]Jo
software (BD Biosciences) was used to analyze the data. Cell populations were identified by staining with APC-H7 rat
anti-mouse CD4 (1:200, BD Biosciences, NJ, United States), PE rat anti-mouse IL-17A (1:100, BD Biosciences, NJ, United
States) FITC-CD25 (1:100, BD Biosciences, NJ, United States), BV421 rat anti-mouse Foxp3 (1:100, BD Biosciences, NJ,
United States), APC rat anti-mouse programmed cell death ligand 1 (PD-L1)+(1:100, BD Biosciences, NJ, United States),
Alexa Fluor 647 rat anti-mouse CCR7 (1:100, BD Biosciences, NJ, United States), and BV510 rat anti-mouse CD45RA
(1:100, BD Biosciences, NJ, United States).

Western blot

According to the instructions above, the liver tissue supernatant utilized for western blotting was produced (see the
ELISA section). The traditional BCA protein determination method was used to measure the protein concentration
(Cwbiotech, Beijing, China). Sodium-dodecyl sulfate gel electrophoresis was used to separate the same amount of protein
by 10%-15% before being transferred to polyvinylidene fluoride membranes. After being sealed with 5% skimmed milk,
the membranes were incubated with primary antibodies at 4 °C overnight. The antibodies were anti-GAPDH (1:10000,
Proteintech, Wuhan, China), Tubulin (1:1000, Abclonal, Wuhan, China), TLR2 (1:1000, Abcam, MA, United States), TLR4
(1:1000, Abcam, MA, United States), CXCR6 (1:1000, Boster, Wuhan, China), NF-xB p65 (1:1000, Cell Signaling
Technology, Boston, United States), CXCL16 (1:1000, Bioss, Beijing, China),and Occludin (1:1000, Abcam, MA, United
States). The membranes were then rinsed with Tris buffered saline and Tween (TBST) and incubated at 37 °C for 1 h with
the secondary antibody (1:10000, Proteintech, Wuhan, China). The tagged protein bands were scanned using the
ChemiDoc XRS+Gel Imaging System (Hercules, CA, United States). after a second TBST wash.

Isolation of fecal bacterial microbiota and 16S rRNA gene sequencing analysis

According to the directions on the DNA extraction kit (Omega Bio-tek, Norcross, GA, United States), the DNA of the
microbial community was collected. DNA concentration and purity were assessed using a NanoDrop 2000 UV-vis
spectrophotometer (Thermo Scientific, Wilmington, United States), and the quality of the DNA extracted was determined
using 1% agarose gel electrophoresis. The hypervariable region V3-V4 of the bacterial 165 rRNA gene was amplified with
primer pairs 338F (5'-ACTCCTACGGGAGGCAGCAG-3’) and 806R (5-GGACTACHVGGGTWTCTAAT-3") by an ABI
GeneAmp® 9700 PCR thermocycler (ABI, CA, United States). The 16S rRNA gene was amplified using PCR in the
following manner: A first denaturation was performed at 95 °C for three minutes, followed by 27 cycles of denaturation at
95 °C for thirty seconds, annealing at 55 °C for thirty seconds, and extension at 72 °C for forty-five seconds, followed by a
third extension at 72 °C for ten minutes, before finishing at 4 °C. Purified PCR products were quantified after removal
from 2% agarose gels using a Quantus TM Fluorometer (Promega, United States) after purification using the AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, United States).

Majorbio Bio-Pharm Technology Co., Ltd. (Shanghai, China) used an Illumina MiSeq PE300 platform/NovaSeq PE250
platform (Illumina, San Diego, United States) to sequence the purified amplicons in a paired-end manner using equimolar
pooling. The NCBI Sequence Read Archive database received the raw reads (Accession Number: SRP392420). In addition,
I-sanger was used to conduct co-occurrence network analysis, correlation analysis, and microbiological difference
analysis (Majorbio Bio-Pharm Technology Co., Ltd.; www.i-sanger.com).
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Statistical analysis

Data were expressed as the mean + SEM. The Student t-test or one-way analysis of variance (ANOVA), followed by the
Wilcoxon rank-sum test and Kruskal-Wallis’s test were used for multiple comparisons. P < 0.05 or P < 0.01 was
considered significantly different. GraphPad Prism 8.0 and SPSS 21.0 were used for statistical analysis.

RESULTS

Dose screening of PTH relieved liver injury induced by Con A in mice

Con A-induced AIH is a confirmable model for studying human AIH, as it simulates many aspects of this disease,
including liver damage, abnormal elevation of serum transaminase level and excessive generation of pro-inflammatory
cytokines[23]. The liver weight (Figure 1A) and liver weight index (Figure 1B), spleen weight (Figure 1C), colonic weight
(Figure 1D), and colonic weight index (Figure 1E), serum ALT (Figure 1F) and AST (Figure 1G), and the levels of IL-17A
(Figure 1]) were raised in the Con A group compared with mice not treated with Con A (P < 0.01), while following PTH-
L, PTH-M, PTH-H or DXM treatment, these results were the opposite (P < 0.05 or P < 0.01). The expression of IL-4
(Figure 1H) and IL-10 (Figure 1I) in Con A-induced AIH mice without treatment was lower than in control mice and AIH
mice treated with PTH-L, PTH-M, PTH-H or DXM (P < 0.01). Compared with the normal control group, mice in the Con
A group showed interfacial hepatitis, death of a large number of liver cells, structural disorder of liver lobules, increased
infiltration of inflammatory cells, focal (or spotted) lytic necrosis or apoptosis (Figure 1K), and higher Ishak scores
(Figure 1L) (P < 0.01). After 10 d of PTH treatment, compared with mice in the Con A group, mice in the PTH-L, PTH-M,
PTH-H groups showed less interfacial hepatitis and mild focal (or spotted) lytic necrosis or apoptosis, more complete
liver lobular structure, reduced inflammatory cell infiltration (Figure 1K), and lower Ishak scores (Figure 1L) (P < 0.01);
thus, relieving AIH. However, pathological damage of the liver and the expression level of inflammatory factors were
further reduced and liver function was further improved following the middle dose of PTH compared with the high dose
of PTH and the low dose of PTH in AIH mice. The middle dose of PTH was the best dose to relieve AIH, and this dose
was selected for the follow-up study.

PTH relieves liver injury induced by Con A in mice

Compared with the control group, the livers in the Con A group were dark red and swollen. Compared with the Con A
group, the livers in the Con A + PTH-M and Con A + DXM groups were bright red with smooth surfaces (Figure 2B).
Moreover, the liver weight (Figure 2C) and liver weight index (Figure 2D) were increased in the Con A group compared
with mice not treated with Con A (P < 0.01), while PTH or DXM treatment decreased the increase in liver weight
(Figure 2C) and liver weight index (Figure 2D) (P < 0.05). Compared with the normal control group, mice in the Con A
group showed interfacial hepatitis, death of a large number of liver cells, structural disorder of liver lobules, increased
infiltration of inflammatory cells, focal (or spotted) lytic necrosis or apoptosis (Figure 2F), and higher Ishak scores
(Figure 2E) (P < 0.01). After 10 d of PTH treatment, compared with mice in the Con A group, mice in the Con A + PTH-M
group and Con A + DXM groups showed less interfacial hepatitis and mild focal (or spotted) lytic necrosis or apoptosis,
more complete liver lobular structure, reduced inflammatory cell infiltration (Figure 2F), and lower Ishak scores
(Figure 2E) (P < 0.01). These findings demonstrate that PTH efficaciously relieves the pathological liver injury in Con A-
induced AIH mice.

PTH improves liver function in AIH mice

A biochemical liver test is an important method to judge whether there is liver damage, evaluate the severity of liver
illness, and judge the treatment effect and prognosis[24-26]. The levels of serum enzymes, including ALT (Figure 3A),
AST (Figure 3B), ALP (Figure 3C), IBIL (Figure 3D), and TG (Figure 3E) were raised in mice who received Con A
compared with control mice (P < 0.01), and mice with Con A-induced AIH treated with PTH and DXM. In addition,
decreased levels of TP (Figure 3F), ALB (Figure 3G), GLB (Figure 3H), and HDL (Figure 3I) were detected in serum from
mice with Con A-induced AIH treatment (P < 0.01), and these levels were increased after treatment with PTH and DXM (
P <0.05 or P <0.01). The above results show that PTH can improve liver function in mice with Con A-induced AIH.

PTH regulates the expression of cytokines in liver tissue

An essential aspect of immunological damage in AIH is abnormal expression of inflammatory cytokines, such as IFN-y,
IL-1B, IL-2, IL-6, IL-21, TNF-0, and IL-10. Th17, Treg, and mTreg cells thereafter undergo transformation and migration
into the liver. The secretion of IFN-y (Figure 4A), IL-1B (Figure 4B), IL-2 (Figure 4C), IL-6 (Figure 4D), IL-21 (Figure 4E),
TNF-a (Figure 4F) in liver tissues from AIH mice in the Con A group was higher than that in the control, Con A + PTH-M
and Con A + DXM groups (P < 0.01). In contrast, the expression of IL-10 (Figure 4G) in Con A-induced AIH mice without
treatment was lower than in control mice and AIH mice treated with PTH or DXM (P < 0.01). According to these findings,
PTH modulates the equilibrium of pro- and anti-inflammatory cytokines in AIH mice.

PTH regulates Th17 and Treg differentiation in AIH mice

Production of the pro-inflammatory cytokine IL-17A is a characteristic of Th17 cells, the phenotype of Treg cells is CD4*
CD25'Foxp3*, and they play a significant role in autoimmune disease such as AIH and so on[27,28]. Programmed death-1
(PD-1) is a member of the CD28/B7 superfamily of costimulatory molecules that plays an inhibitory effect in the
periphery. PD-L1 (also known as B7-H1) and PD-L2 (also known as B7-DC) are ligands for PD-1[29]. In the present study,
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f: ConA + DXM

Figure 1 Dose screening of Pien Tze Huang relieved liver injury induced by Concanavalin A in mice. A: Liver weigh; B: Liver weigh index; C:
Spleen weigh; D: Colonic weigh; E: Colonic weigh index; F: Serum alanine aminotransferase; G: Serum aspartate aminotransferase; H-J: The levels of cytokines:
Interleukin (IL)-4 (H), IL-10 (1), IL-17A (J) were measured by enzyme-linked immunosorbent assay; K: Representative photographs of hematoxylin and eosin-stained
liver sections; L: Scores for liver injury in different groups. According to the Ishak scoring system, liver injury was scored with respect to portal and intralobular
inflammation, fragmented necrosis, and bridging necrosis. The extent of the pathology was scored from 0 (no pathology) to 4 (severe pathology). Data are
representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and %P < 0.01 vs the Concanavalin A group. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; IL: Interleukin; ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

the mononuclear cells in peripheral blood and CD4* lymphocytes were measured by flow cytometry (Figures 5A and B).
The percentage of CD4'IL-17A* (Th17) cells (Figure 5C) in the peripheral blood of AIH mice was markedly raised (P <
0.01), while the levels of CD4'IL-17A* (Th17) cells (Figure 5C) were considerably lower in PTH-treated AIH mice than in
untreated AIH mice (P < 0.01). However, the percentage of CD4'CD25'Foxp3* Treg cells (Figure 5D) and CD4*CD25*
Foxp3*PD-L1* cells (Figure 5E) in the peripheral blood of mice with Con A-induced AIH were significantly decreased (P <
0.05 or P < 0.01), while PTH treatment significantly increased the percentages of CD4*CD25'Foxp3* Treg cells (Figure 5D)
and CD4'CD25'Foxp3'PD-L1* cells (Figure 5E) in AIH mice (P < 0.01). The above results demonstrate that PTH controls
the balance of Th17 cells and Treg cells in mice with Con A-induced ATH.

PTH regulates the number of central memory T cells and their transformation into effector T cells in AIH mice

Central memory T (TCM) cells, whose phenotype is CD4'CD45RA-CCR7*, mainly exist in lymphoid organs. Following
antigen stimulation, TCM cells can rapidly transform into effector T (TEM) cells. The TEM phenotype is CD4*CD45RA"
CCR7- and these cells exist in the periphery for a long time to produce IFN-y, IL-17, and other inflammatory factors. This
study used lymph node homing receptors CD45RA", CD45RA", and chemokine CC receptor (CCR)7 (Figures 6A-D) to
recognize and count memory T cells. The levels of CD4*CD45RA*CCR7* (Figure 6E), CD4"CD45RA*CCR7- (Figure 6F),
CD4'CD45RA-CCR7* (TCM) (Figure 6G), and CD4*CD45RACCR7- (TEM) (Figure 6H) cells were markedly decreased in
untreated AIH mice in contrast to control mice (P < 0.05 or P < 0.01). After PTH treatment, the levels of CD4*CD45RA"
CCR7" (Figure 6E), CD4*CD45RA*CCR?7- (Figure 6F), CD4*CD45RA-CCR7* (TCM) (Figure 6G) and CD4*CD45RACCR7-
(TEM) (Figure 6H) cells were significantly increased (P < 0.05 or P < 0.01), which suggests that PTH controlled the
quantity of TCM cells and TEM cells in AIH mice.

PTH regulates the subgroups of mTreg cells in AIH mice

CD45RA*Foxp3v cells are static mTreg cells, which become CD45RA Foxp3"¢" cells after activation. This study used
lymph node homing receptors CD45RA" and CD45RA* (Figures 7A-D) to recognize and count memory Treg cells. In
contrast to control mice, the number of CD4*CD45RA Foxp3"e" mTreg (Figure 7E) and CD4*CD45RA Foxp3he" (Figure 7F)
cells were significantly decreased in untreated AIH mice (P < 0.05), which implies that this is one of the primary charac-
teristics in mice with Con A-induced AIH. After PTH treatment, the numbers of CD4*CD45RAFoxp3hie" mTreg
(Figure 7E), and CD4*CD45RA*Foxp3hiet (Figure 7F) significantly increased (P < 0.05). These results show that PTH
improves mTreg cells level in AIH mice.

PTH improves the composition of gut microbiota in AIH mice
Increasing evidence has suggested that disordered intestinal microbiota is a significant characteristic in mice with Con A-
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Figure 2 Pien Tze Huang relieves liver injury induced by Concanavalin A in mice. A: Timeline of the experimental process of treatment and
autoimmune hepatitis induction in mice; B-E: Images of mouse livers (B), liver weigh (C), liver weigh index (D), and scores for liver injury (E) in different groups.
According to the Ishak scoring system, liver injury was scored with respect to portal and intralobular inflammation, fragmented necrosis, and bridging necrosis. The
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extent of the pathology was scored from 0 (no pathology) to 4 (severe pathology); F: Representative photographs of hematoxylin and eosin-stained liver sections.
Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and %P < 0.01 vs the Concanavalin A group.
ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.
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Figure 3 Pien Tze Huang improves liver function in mice with autoimmune hepatitis. A: Serum alanine aminotransferase; B: Serum aspartate
aminotransferase; C: Serum alkaline phosphatase; D: Serum indirect bilirubin; E: Serum triglyceride; F: Serum total protein; G: Serum albumin; H: Serum globulin; I:
Serum high-density lipoprotein. Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and °P < 0.01 vs
the Concanavalin A group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; IBIL: Indirect bilirubin; TG: Triglyceride; TP:
Total protein; ALB: Albumin; GLB: Globulin; HDL: High-density lipoprotein; ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

induced AIH[30]. The operational taxonomic unit (OTU) level (Figure 8A) rarefaction curve of the Shannon index at the
OTU level levelled off when the sequencing data reached saturation, covering the vast majority of species in the gut
microbiome community of AIH mice. The abundance grade curve at the OTU level (Figure 8B) showed the species
richness and evenness of species diversity in the sample. When the abscissa position of the extension end point of the
sample curve is more backward, this implies that the species richness of the sample is higher, the curve is smoother, and
the species distribution of the sample is uniform. The abundance and diversity of the microbial population were
expressed by single sample diversity (Alpha diversity) analysis, including the microbial richness indices Shannon and
Simpson (Figures 8C-D). Figure 8C shows a substantial variation in the Shannon index at the OTU level between the Con
A group and Con A + PTH-M group. Although there was no substantial variation in the Shannon index among the
control, Con A, and Con A + DXM groups, the Shannon index at the OTU level was higher in the Con A group than in the
control mice and Con A + DXM groups. Interestingly, the result of the Simpson index (Figure 8D), which also represented
species richness, showed the opposite trend. The Simpson index at the OTU level was lower in the Con A group than in
the control, Con A + PTH-M, and Con A + DXM groups.
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Figure 4 Pien Tze Huang regulates the expression of inflammatory cytokines in mice with autoimmune hepatitis. A-G: The levels of cytokines:
Interferon-y (A), interleukin (IL)-1B (B), IL-2 (C), IL-6 (D), IL-21 (E), tumor necrosis factor-alpha (F), and IL-10 (G), were measured by enzyme-linked immunosorbent
assay. Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and ®P < 0.01 vs the control group; °P < 0.05 and %P < 0.01 vs the Concanavalin A
group. IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor; ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

Subsequently, in order to compare the diversity of the intestinal microbiota among these four groups, the diversity
analyses were used, including principal co-ordinates analysis (PCoA) (Figure 8E). The PCoA analyses proved that the
distribution of species in the Con A and Con A + PTH-M groups was distinct from the control group, the Con A + PTH-M
group and the control groups were separated from one another by a smaller distance than the Con A and control groups
(Figure 8E). Venn diagram analysis at the OTU level revealed additional variations in the intestinal microbiota
composition across the four groups (630, 634, 627, and 620 OTUs were seen in the control, Con A, Con A + PTH-M, and
Con A + DXM groups, respectively) (Figure 8F).

The percent of community abundance at the genus level (Figure 8G) was used to analyze and compare the species
abundance of each group of samples and observe their biological composition and structure. Lachnospiraceae-NK4A136,
norank-f-norank-o-Clostridia-UCG-014, and Desulfovibrio were lower in the Con A group than in the control and Con A +
PTH-M groups. Alloprevotella, Prevotellaceae-UICG-001, Dubosiella, and Odoribacter were superior in the Con A group than
in the control and Con A + PTH-M groups.

Figure 8H shows the phylogenetic tree at the genus level. Each branch in the evolutionary tree represented a species.
According to the higher taxonomic rank that the species belong to, the branches are colored differently. The bar graph on
the right displays the percentage of reads of species in various groups, and the lengths of the branches represent the
evolutionary distance between the two species, or the level of species difference. Picrust was used to predict the function
of the 16S amplicon sequencing results (Figure 8I). The functions of enrichment mainly include the transport and
metabolism of hydrates; transcription; amino acid transport and metabolism; signal transduction mechanism; copy,
recombine, repair; translation, ribosome structure, and biogenesis; inorganic ion transport and metabolism; energy
production and transformation.
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Figure 5 Pien Tze Huang regulates the number of T helper type 17 and regulatory T cells in mice with autoimmune hepatitis. A: Mononuclear
cells in peripheral blood; B: CD4* lymphocytes measured by flow cytometry; C: CD4*IL-17A*(T helper type 17) cells. C1-C4: Control, Concanavalin A (Con A), Con A
+ middle-dose Pien Tze Huang (PTH-M), and Con A + dexamethasone (DXM) group, respectively; C5: Statistical analysis of CD4*IL17A* cell frequencies in these
four groups; D: CD4*CD25*Foxp3* cells. D1-D4: Control, Con A, Con A + PTH-M, and Con A + DXM group, respectively; D5: Statistical analysis of CD4*CD25 Foxp3
* cell frequencies in these four groups; E: CD4*CD25Foxp3*PD-L1* cells. E1-E4: Control, Con A, Con A + PTH-M, and Con A + DXM group, respectively; E5:
Statistical analysis of CD4*CD25"Foxp3*PD-L1* cell frequencies in these four groups. Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P <
0.01 vs the control group; °P < 0.05 and %P < 0.01 vs the Concanavalin A group. IL: Interleukin; ConA: Concanavalin A; PTH: Pien Tze Huang; DXM:
Dexamethasone.

To identify the species with different abundances in various groups (samples) of microbial communities, hypothesis
tests were conducted, and the significance of the observed differences were assessed, and rigorous statistical methods of
the Kruskal-Wallis H test (Figure 9A) and Wilcoxon rank-sum test (Figures 9B and C) were used. As shown in Figure 9A,
Dubosiella and Rikenellaceae-RC9-gut-group were higher in the Con A group than in the control, Con A + PTH-M, and Con
A + DXM groups, while Desulfovibrio were lower. As shown in Figures 9B and C, Alloprevotella, Rikenellaceae-RC9-gut-
group and Prevotellaceae-NK3B31-group were superior in the Con A group than in the control and Con A + PTH-M
groups. The above results show that PTH can improve Con A-induced intestinal microbial composition in AIH mice.

PIH regulates gut microbiota-associated important environmental factors in AIH mice

Based on the actual effects of PTH on Treg/mTreg and intestinal microbiota in AIH mice, the correlation between AST,
ALT, HAI, TLR4, CD4*CD25'Foxp3* Treg cells, CD4*CD45RA Foxp3*s* mTreg cells, and intestinal microbiota was further
investigated using a Spearman correlation heat map, redundancy analysis (RDA), and distance-based RDA (db-RDA). In
addition, environmental factors such as AST, ALT, HAI, TLR4, CD4'CD25Foxp3* Treg, and CD4"*CD45RA Foxp3his®
mTreg cells were used to examine their relationship with the intestinal microbiota. On the basis of RDA analysis
(Figure 9D), the abundance of AST, ALT, HAI, and TLR4 were accordant with the Con A group’s intestinal microbiota,
while the abundance of CD4'CD25'Foxp3* Treg and CD4*CD45RA Foxp3Me" mTreg cells were accordant with the gut
microbiota of mice in the control and Con A + PTH-M groups. On the basis of db-RDA analysis (Figure 9E), the
abundance of AST, ALT, HAI and TLR4 were compatible with the gut microbiota of the Con A group, while the
abundance of CD4*CD25'Foxp3* Treg and CD4*CD45RA Foxp3"¢" mTreg cells were similar to the gut microbiota of mice
in the Con A + PTH-M group. According to the Spearman correlation heat map at the genus level (Figure 9F), Desulfo-
vibrio was negatively correlated with HAI, AST, ALT, TLR4 and positively connected with CD4*CD25'Foxp3* Treg and
CD4'CD45RA Foxp3tish mTreg cells; Prevotellaceae-NK3B31-group was positively connected with HAI, AST, ALT, TLR4,
and negatively connected with CD4*CD25*Foxp3* Treg and CD4*CD45RA Foxp3™s" mTreg cells; Rikenellaceae-RC9-gut-
group was positively connected with HAI, AST, ALT, and negatively connected with CD4*CD45RA Foxp3"¢" mTreg cells;
Dubosiella was negatively connected with CD4*CD25Foxp3* Treg and CD4'CD45RA Foxp3*s" mTreg cells.

According to Western blot analysis, AIH mice had higher levels of TLR4 protein expression (Figure 9G) than the
control group (P < 0.01), and the Con A + PTH-M group had lower levels of TLR4 protein expression (Figure 9G) than
AIH mice (P < 0.01) (Figure 9G). To sum up, PIH regulates gut microbiota-associated important environmental factors in
AIH mice.

WJG | https://www.wjgnet.com 5999 December 7,2023 | Volume?29 | Issue45 |

Jaishideng®



Zeng X et al. PTH alleviates AIH

250K 1
200K
150K
<
Q
A
100K
" PBMCs
50K 77.6
0 = .| T T T T
0 50K 100K 150K 200K 250K
FSC-A
200K
150K 7
=
Q
wn)
w0
100K 7
50K -
CD45RA+T 9.55
T T T
-10° 0 10° 10 10°
Comp-PE-A :: CD45RA PE-A
X
| |
E1 200¢ ~ CD4+CDA45RA+CCR7 E4 200K Te0e coasrar F1 200 D41 CDASRAT
CCR7+T 467 ox t . CCR7+T 869
150K 1 150K T 150K -
s |
= = ) r . =
R 3 / N ' @R
(%] 1%} (%]
100K 100K 100K 4
50K 1 50K 50K -
v Tem T Ll | Ll N Lad anl ™ ™T ™ T T ™ ™7 ™7
-10° 0 10 10°  10° -10° 0 100 10° 10° -10° 0 10° 10" 10°
Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A
E2 200x
. CD4+CD45RA+CCR7 F2 200« .
et ~s  CD4+CD45RA+
PO ot CCR7+T 899
150K )T 150K .
= A .
2 5
7] wn)
(%]
100K - 100K -
50K - 50K
T TP T
-10° 0 100 10° 10° -10° 0 100 10°  10°
Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A
E3 20K {emrrcoammn T o F4 200« D4+ CDASRAL F3 200« prp—
CCR7+T 8.70 -t * +
. CCR7+T 91.2 * CORIT 897
. o
150K 150K ] 150K
z z z
Q %) :
g 7 7
100K 100K 100K
50K 1 50K 50K -
% ~— T ™ ™ T T TR Lt & ™ ™ v Lad il Late | ™ ™
) 100 0 10°  10° 10° 1000 10°  10°  10° 100 0 10° 10 10°

Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A

Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A

Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A

CCR7+Alexa Fluor 647

Jaishideng®

WJG | https://www.wjgnet.com

6000

December 7,2023 | Volume?29 |

Issue 45



Zeng X et al. PTH alleviates AIH

B 200K
150K
E 100K
(%3]
%]
50K _
0 T
co%%"rg 296
100 0 10° 100 10°
Comp-V500-A :: CD4 V500-A
A
D 200K
L " CDASP4SRA85.2 " 3
1.0 85.0 |
[
150K . L
Z
Q
[%2] .
(%]
100K ..
50K
LAMMLRRAS . .| T T T
-0 0 10° 10* 10°
Comp-PE-A :: CD45RA PE-A
M
G1 | |
200K 200K 200K
CD4+CD45RA-CCR7+T G4 CD4+CD45RA-CCR7+T H1 *  CD4+CD45RA-CCR7-T
419, 48 * . . 3o
150K 1 150K 150K A
= = =
Q Q Q
[%2] [} [}
(%] w w
100K 1 100K 100K A .
50K 50K 50K
v Lad ol Lht | 1 1 T Lt 2l ™ T ™ v Lt i — A A
-10° 0 10 10°  10° -10° 0 100 10° 10° -10° 0 10° 10" 10°
Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A
G2 200 CD4+CD45RA-CCR7+T H2 200« DA+ CDASRACCRIT
97.2
150K 150K .t
= e .
o E =y .
[%2] N s
2 9]
100K - 100K
50K 50K
Y T Lh ™ ™1 Y Lt aa ™ ™7 ™7
-10° 0 100 10° 10° -10° 0 10°  10* 10°
Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A
200K H4 200« 200K
G3 CD4+CD45RA-CCR7+T . CD4+CD45RA-CCR7-T H3 CD4+CD45RA-CCR7-T
2.82 990 97.2 .
150K 150K 1 150K
= = z
Q ! T
2 7 2
100K ] 100K ~ 100K -
50K 7 50K A 50K A
=
3 ——— T LRI AL Imas i nmasuy Snmasuy. T T
2 -10° 0 10°  10*  10° -10 0 10 10 10 -10° 0 10*  10*  10°
Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A Comp-Alexa Fluor 647-A :: CCR7 Alexa Fluor 647-A

CCR7+Alexa Fluor 647

Buisnidenge WIG | https:/ /www.wijgnet.com 6001 December 7,2023 | Volume29 | Issue45 |



Zeng X et al. PTH alleviates AIH

E5 1500 - F505.00 = G5 500 - d
C
d C
g 1125+ ) g 9125 T g 354 T -
A ‘
& P~ 5
S 9] 5
S 750 = S 8750 = 2 2.50 = ¢
= ~ g °" =z -
2 2 2
a b A a
8 8 8
b=y k) - b=y
3 375= 3 8375 3 1.25= b
0.00 80.00 0.00
H5 o o c c
T
~ 98 = a
X
N
(-4
Q
E 97 =
n
<
o
L
g 9% =
95

DOI: 10.3748/wjg.v29.i45.5988 Copyright ©The Author(s) 2023.

Figure 6 Pien Tze Huang regulates the number of memory T cells in mice with autoimmune hepatitis. A: Peripheral blood mononuclear cells; B:
CD4+ lymphocytes measured by flow cytometry; C: CD45RA* lymphocytes measured by flow cytometry; D: CD45RA" lymphocytes measured by flow cytometry; E:
CD4*CD45RACCRY7" cells. E1-E4: Control, Concanavalin A (Con A), Con A + middle-dose Pien Tze Huang (PTH-M), and Con A + dexamethasone (DXM) group in
order; E5: Statistical analysis of CD4*CD45RA*CCR7* cell frequencies in these four groups; F: CD4*CD45RA'CCRY- cells. F1-F4: Control, Con A, Con A + PTH-M,
and Con A + DXM group, respectively; F5: Statistical analysis of CD4*CD45RA'CCR7- cell frequencies in these four groups; G: CD4*CD45RACCR7" cells. G1-G4:
Control, Con A, Con A + PTH-M, and Con A + DXM group, respectively; G5: Statistical analysis of CD4*CD45RA'CCR7* cell frequencies in these four groups; H:
CD4*CD45RA'CCRT7cells. H1-H4: Control, Con A, Con A + PTH-M, and Con A + DXM group, respectively; H5: Statistical analysis of CD4*CD45RA'CCR7" cell
frequencies in these four groups. Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and %P < 0.01 vs
the Concanavalin A group. ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

PTH maintains the intestinal barrier in AIH mice

In order to further study whether intestinal microflora and/or other pathogens (or immunocomplexes) can enter the liver
through the injured intestinal microbiota barrier and whether PTH can treat AIH by protecting the intestinal microbiota
barrier and preventing bacterial translocation, the intestinal microbiota permeability test was performed. In the present
study, the colonic weight (Figure 10A), colonic weight index (Figure 10B), and colonic weight/colonic length (Figure 10C)
of AIH mice in the Con A group were higher than in the control group (P < 0.01), while colonic weight (Figure 10A),
colonic weight index (Figure 10B), and colonic weight/colonic length (Figure 10C) of AIH mice in the Con A + PTH-M
group were lower than in the Con A group (P < 0.05). Also, colonic inflammation was more pronounced in the colonic
mucosa and submucosa of AIH model mice than in the control group (Figure 10D). Compared with the untreated Con A
group, histological colonic damage was improved following 10-d of PTH and DXM therapy, with fewer inflammatory
cells in the colonic mucosa and submucosa (Figure 10D).

Occludin content in tight junction proteins may be an indicator of the intestinal barrier’s permeability. The expression
of occludin was reduced in the colon tissues of mice in the Con A group than in the control group (Figures 10E and F),
while the expression of occludin was elevated in the colon tissues of mice in the Con A + PTH-M group than in the Con A
group (Figures 10E and F). The above data suggest that PTH has a protective effect on the intestinal barrier.

PTH regulates TLR/CXCL16/CXCR6 /NF-kB signal activation in AIH mice

Emerging evidence has identified that TLRs are interrelated with autoimmune diseases by recognizing the change in gut
microbiota and/ or other pathogens (or immunocomplexes). Figures 9D-G show that in the treatment groups, there was a
sizable association between the distribution of sample microflora and mTreg cells. The small intestine’s epithelial cells are
stimulated by Lactiplantibacillus plantarum 22A-3 to secrete transforming growth factor-beta, and retinoic acid is likely
produced through TLR2, resulting in an increase in CD103+ DCs and the Foxp3* Treg population[31], and the activation
of TLR4 by lipopolysaccharide (LPS) leads to the induction of pro-inflammatory Th17 cells and reduces the immunosup-
pressive function of Treg cells[3,32]. Differentiation of Th17 and Treg cells is adjusted by NF-xB[33,34]. CXCL16 promotes
the migration of immune cells to secondary lymphoid organs and inflammatory sites, and CXCL16 is also an effective
direct activator of NF-xB. The findings of western blot analysis revealed that the proteins TLR4 (Figure 9G), NF-xB p65
(Figure 11C), CXCL16 (Figure 11D), and CXCR®6 (Figure 11E) in the liver were highly expressed in AIH model mice vs the
control group (P < 0.01), while the expression of TLR4 (Figure 9G), NF-xB p65 (Figure 11C), CXCL16 (Figure 11D), and
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Figure 7 Pien Tze Huang regulates the number of special memory regulatory T cells in mice with autoimmune hepatitis. A: Peripheral blood
mononuclear cells; B: CD4* lymphocytes measured by flow cytometry; C: CD45RAlymphocytes measured by flow cytometry; D: CD45RA* lymphocytes measured by
flow cytometry; E: CD4*CD45RA Foxp3"" cells. E1-E4: Control, Concanavalin A (Con A), Con A + middle-dose Pien Tze Huang (PTH-M), and Con A +
dexamethasone (DXM) group, respectively; E5: Statistical analysis of CD4*CD45RA Foxp3"o" cell frequencies in these four groups; F: CD4*CD45RA Foxp3"e" cells.
F1-F4: Control, Con A, Con A + PTH-M, and Con A + DXM group, respectively; F5: Statistical analysis of CD4*CD45RA*Foxp3"9" cell frequencies in these four
groups. Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and %P < 0.01 vs the Concanavalin A
group. ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

CXCR6 (Figure 11E) proteins were markedly decreased in mice in the Con A + PTH-M group than in mice in the Con A
group (P < 0.01). However, the protein TLR2 (Figure 11B) in the liver was decreased in AIH model mice compared with
the control group (P < 0.01). After PTH treatment, the protein TLR2 (Figure 11B) in the liver was lower in AIH model
mice than in the Con A group (P < 0.01). Hence, these data suggest that PTH regulates Treg cell expression by inhibiting
the NF-kB pathway and promoting TLR2 expression.

DISCUSSION

PTH has anti-inflammatory, neuroprotective, and immunoregulatory properties and is used in traditional Chinese
medicine[10,35], which can reduce the serum homocysteine level and inhibit endoplasmic reticulum stress and the
PERK/elF2a pathway to reduce the severity of alcohol and high-fat diet in rats[36]. PTH can also inhibit apoptosis of
intestinal crypt cells induced by 5-fluorouracil by inhibiting the ratio of Bax/Bcl-2, which can effectively reduce 5-
fluorouracil-induced intestinal mucositis[37]. The above results suggest that PTH has the potential to treat immune liver
injury and sustain the integrity of the gut mucosal barrier.

In order to further investigate the mechanism of PTH in the treatment of AIH, we analyzed the expression of various
cytokines in AIH mice, and found that PTH treatment downregulated the expression of pro-inflammatory cytokines, such
as IFN-y, IL-1B, IL-2, IL-6, IL-21, and TNF-q, and upregulated the expression of anti-inflammatory factors, such as IL-10 in
mice with Con A-induced HIA. IFN-y[38]. TNF-a[39], IL-1B[40], IL-2[41], IL-21[42], and IL-6[43] promote autoimmune
hepatic damage, whereas IL-10[44] protects the liver from damage. Thus, these data suggest that PTH could control the
proportion of pro- and anti-inflammatory factors to improve Con A-induced AIH.

Previous research demonstrated a link between the poor prognosis of AIH and the low expression and functioning of
Treg cells in the liver’s inflammatory microenvironment[45-47]. It is known that mTreg cells can control memory effector
reactions to induce differentiation and proliferation of Treg cells, and subsequently reduce collateral damage to tissues
[48,49]. Treg cells have a significant role in adjusting the diversity of intestinal microbiota. They are also key cells that can
inhibit intestinal inflammation, inhibit the abnormally activated immune response, and maintain intestinal immune
tolerance[50]. When exposed to a foreign antigen again, TCM cells, which are long-lived T cells with the capacity for self-
renewal and proliferation, can quickly develop into effector cells (TEM)[51]. Moreover, in mice lacking Foxp3 enhancer
CNS1, Firmicutes were less abundant in the gut relative to the control group[52]. Additionally, Zhou et al[53] found that
Foxp3* expression could be increased by PD-1/PD-L1* to improve its inhibitory effect. In the present research, the
expression of CD4*CD25*Foxp3"PD-L1*, CD4*CD25'Foxp3* Treg, CD4*CD45RA Foxp3hie", TCM, and TEM cells were
lower in the Con A group than in control mice, while the expression of CD4'IL-17A* Th17 cells was higher. These
findings imply that the decreased PD-L1 expression in CD4*CD25'Foxp3* Treg cells downregulates the number of CD4*
CD25'Foxp3* Treg cells. The decreased immune memory function leads to reduced differentiation of Treg cells and more
activation of Th17 cell differentiation. The total number of Treg cells was insufficient to preserve immunological tolerance
and stop pathogenic elements-such as heteroantigen and pathogenic bacteria-from continuing to have a milder
immunosuppressive effect on CD4*CD25"Foxp3* Treg cells. Following PTH treatment for 10 d, the number of CD4*CD25*
Foxp3* Treg and CD4*CD45RA Foxp3"e" mTreg cells was raised to maintain immune tolerance. In order to activate the
immunosuppressive function and limit the severity of excessive immunological damage, PTH additionally enhanced the
expression of PD-L1 in CD4'CD25*Foxp3* Treg cells and decreased the number of CD4'IL17A* Th17 cells. Also, PTH
effectively reduced Con A-induced AIH in mice. These findings imply that the equilibrium between Th17, mTreg, and
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Figure 8 Pien Tze Huang improves the composition of gut microbiota in mice with autoimmune hepatitis. A: The rarefaction curve of the
Shannon index at the operational taxonomic unit (OTU) level; B: Rank-Abundance curves at the OTU level; C: Shannon index at the genus level; D: Simpson index at
the genus level; E: Partial least squares discriminant analysis score at the genus level; F: The Venn diagram depicts OTUs that differed in each group; G: Community
composition bar chart at the genus level; H: Phylogenetic evolutionary tree at the genus level; I: COG function classification. Data are representative images or the
mean + SEM (n = 6). P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and P < 0.01 vs the Concanavalin A group. ConA: Concanavalin A; PTH: Pien Tze
Huang; DXM: Dexamethasone.
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Figure 9 Species differences in intestinal microbiota and correlation analysis. A: Differential analysis among the four groups at the genus level; B:
Phylotypes significantly different between the control and Concanavalin A (Con A) groups at the genus level; C: Phylotypes significantly different between Con A and
Con A + middle-dose Pien Tze Huang groups at the genus level; D: Redundancy analysis of relationship between toll-like receptor (TLR)4, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), HAI, CD4*CD25*Foxp3*, CD4*CD45RA Foxp3"" and intestinal microbiota; E: Distance-based redundancy
analysis of relationship between TLR4, AST, ALT, HAI, CD4*CD25*Foxp3*(regulatory T cells) cells, CD4*CD45RAFoxp3"e" (memory regulatory T cells) cells, and
intestinal microbiota; F: Spearman’s correlation heatmap of TLR4, AST, ALT, HAI, CD4*CD25'Foxp3*, CD4*CD45RA Foxp3"®" and intestinal microbiota; G: The
quantitative analysis of TLR4 protein expression. Data are representative images or the mean + SEM (n = 6). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05
and %P < 0.01 vs the Concanavalin A group. ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

Treg cells may be controlled by PTH to provide its therapeutic impact in mice with Con A-induced AIH.

It is widely recognized that an imbalance in intestinal microbiota is a key trait and pathogenic component of AIH.
Intestinal bacteria and/or other pathogens (or immunocomplexes) can enter the liver through the damaged gut mucosal
barrier. PTH has a protective role in the liver of mice with Con A-induced AIH by encouraging the growth of particular
helpful bacteria and repressing the growth of some potentially harmful bacteria. In this study, lower abundances of
Alloprevotella, Prevotellaceae-UUCG-001, Dubosiella, and Odoribacter, and higher abundances of Lachnospiraceae-NK4A136,
norank-f-norank-o-Clostridia-UCG-014, and Desulfovibrio were seen in the PTH group. Moreover, psyllium elicits a broader
microbial shift, increasing the abundance of Parasutterella and Akkermansia, and decreasing Enterorhabdus and Odoribacter
[54]. Chen et al[55] found that chondroitin sulfate can ameliorate diet-induced insulin resistance, improve non-alcoholic
fatty liver disease via the AKT pathway, and modulate gut microbiota composition, increasing the abundance of Desulfo-
vibrio and the levels of hydrogen sulfide (H2S). Lachnospiracene_NK4A136, Parabacteroides, and Clostridium likely
strengthened the availability of Bifidobacterium pseudocatenulatum LI09 against D-GalN-induced rat liver injury[56]. In this
study, species differences and correlation analysis of intestinal microbiota showed that PTH could reduce the abundance
of Bacteroides-caecimuris and uncultured-bacterium-g-Prevotellaceae-NK3B31-group and increase the abundance of unclas-
sified-g-norank-f-Muribaculaceae. Simultaneously, correlation analysis showed that Desulfovibrio was negatively related to
HAI AST, ALT, TLR4, and positively related to CD4*CD25'Foxp3* Treg and CD4*CD45RA Foxp3"s" mTreg cells; Prevotel-
laceae-NK3B31-group was positively related to HAI, AST, ALT, TLR4, and negatively related to CD4*CD25"Foxp3* Treg
and CD4'CD45RA Foxp3hieh mTreg cells; Rikenellaceae-RC9-gut-group was positively related to HAI, AST, ALT, and
negatively related to CD4*CD45RA Foxp3"e" mTreg cells; Dubosiella was negatively related to CD4*CD25'Foxp3* Treg and
CD4'CD45RA Foxp3hish mTreg cells.

The destruction of intestinal mucosa was the main reason for induced bacterial translocation. Tight junction proteins
have a prominent role in maintaining the intestinal barrier. Consequently, it is particularly important to reverse the
deterioration of the intestinal barrier, bacterial translocation, and/or other pathogens (or immunocomplexes) to the liver.
The present results showed that Con A increases intestinal permeability in mice by decreasing occludin protein
expression; intestinal microbiota and/or other pathogens (or immunocomplexes) arrive at the liver through the portal
vein to induce AIH. In order to treat mice with Con A-induced AIH, PTH controlled the interreaction between the
intestinal microbiota and the number of mTreg cells.

Correlation analysis of environmental factors showed that Treg/mTreg cells were positively correlated with intestinal
microbiota, and TLR4 was negatively correlated with intestinal microbiota. Treg/mTreg cells could affect the intestinal
microbiota, which in turn could stimulate pattern recognition receptors on the surface of immune cells or metabolites of
flora to affect Treg cells. The immune system can sense the intestinal microbiota through the TLRs mechanism[57]. Treg
cells mainly express TLR1, TLR2, TLR4, TLR5, and TLRS. It has been demonstrated that the stimulation of TLR2 by the
intestinal microbiota or polysaccharide A from Bacteroides fragilis plays a defensive role in the gut, lowering inflammation
by raising IL-10 production by dendritic and B cells and encouraging Treg proliferation[58]. Moreover, the activation of
TLR4 by LPS causes the emergence of pro-inflammatory Th17 cells and reduces the immunosuppressive function of Treg
cells[3]. Lai et al[59] found that indirubin downregulates LPS-induced inflammation by blocking TLR4 and NF-«xB and
MAPK activation, which is used to treat mastitis. Studies have also suggested that CXCL16/CXCR6 are elevated in some
autoimmune diseases. Treg cells could be inhibited by CXCL16[60]; LPS was discovered to enhance the transcription of
CXCL16 via the NF-«B signaling pathway, thus promoting the pathogenesis of acute lung injury[61]. In the current study,
TLR4, NF-xB p65, CXCR6, and CXCL16 proteins in the liver were markedly expressed in AIH mice, and the protein TLR2
in the liver showed low expression. However, after PTH treatment, the expression of TLR4, NF-xB p65, CXCR6, and
CXCL16 was significantly reduced, and TLR2 protein was significantly increased. However, it is still unclear which
precise PTH constituents collectively control the interaction between the gut microbiota, TLR/CXCL16/CXCR6/NF-xB
signal pathway, and mTreg cells, and which specific bacterium and their metabolites would be significantly enhanced or
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Figure 10 Pien Tze Huang restores the function of the intestinal barrier in mice with autoimmune hepatitis. A: Colonic weight; B: Colonic weight
index; C: Colonic weight/Colonic length; D: Colonic hematoxylin and eosin staining; E: The quantitative analysis of occludin protein expression; F: Representative
images of occludin in the colon (IF, 200 x, 400 x). Data are representative images or the mean + SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05
and %P < 0.01 vs the Concanavalin A group. ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.

A
TLR2 S R === | 80 kDa

CXCRe | M SR S S | 40 kDa

NF-KB p65 e (65 kDa
—-—

= Tubulin |..-- 52 kDa

Control  +
croH | A S - | > - cona - . :

_ ConA+PTH-M - + + -
Control + ConA+DXM - + - +
ConA - + = -
ConA+PTH-M - + + -
ConA+DXM - + - +
B 12~ C i5 - D 12 -
d b
0.9 - - b 0.9 = q
T d 2 1.0 4 c 5
o < [on
o O] d <
S 06 = n 9 0.6 = d
(o} =}
g b S 5
= 2 05 o 2
0.3 = s O 03 -
0.0 - 0.0 0.0 -
E 100 -
1.00 b
0.75 = d
£ Control
3 d 3 Con
é 0.50 = Il ConA
9 B ConA+PTH-M
2 [ ConA+DXM
O 0.25 =
0.00 =

DOI: 10.3748/wjg.v29.i45.5988 Copyright ©The Author(s) 2023.

Figure 11 Pien Tze Huang regulates the expression of toll-like receptor 2, nuclear factor-kB p65, CXCR6, and CXCL16 in mice with
autoimmune hepatitis. A: The protein expression of toll-like receptor (TLR)2, nuclear factor-kB (NF-kB) p65, CXCR6, and CXCL16 analyzed by western blot; B:
Quantitative analysis of TLR2; C: Quantitative analysis of NF-kB p65; D: Quantitative analysis of CXCL16; E: Quantitative analysis of CXCR®. Data are representative
images or the mean = SEM (n = 8). 2P < 0.05 and °P < 0.01 vs the control group; °P < 0.05 and °P < 0.01 vs the Concanavalin A group. TLR: Toll-like receptor; NF-
kB: Nuclear factor-kB; ConA: Concanavalin A; PTH: Pien Tze Huang; DXM: Dexamethasone.
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Figure 12 Protective mechanisms of Pien Tze Huang against autoimmune hepatitis. TLR: Toll-like receptor; NF-kB: Nuclear factor-kB; ConA:
Concanavalin A; IL: Interleukin.

have a significant role in PTH treatment of AIH mice.

CONCLUSION

In conclusion, these findings suggest that PTH controls interactions between mTreg cells and intestinal microbiota to
reduce experimental AIH. The effect of PTH was similar to that of DXM; yet, in the PTH group, there was obvious
immunoregulation. PTH may enhance the colon barrier effect and the variety of intestinal microbiota, in order to prevent
the movement of potentially hazardous intestinal substances to the liver, suppression of the TLR4/NF-«xB, CXCL16/
CXCR6 pathway, and activation of the TLR2 pathway could increase the expression of mTreg cells to secrete more Treg
cells, thus limiting the expression of Th17 cells, reducing the creation of inflammatory substances, and achieving the
purpose of treating AIH. These results suggest that PTH may balance intestinal microbiota and interfere with mTreg cells
to regulate differentiated Treg cells, which is a natural alternative therapy for AIH (as shown in Figure 12).

Although our studies hoped to determine the mechanism of PTH treatment in mice with AIH, as a compound
preparation with multiple and complex components, the definite effective ingredients of PTH in the treatment of AIH are
ambiguous. Although specific bacteria had interactions with mTreg cells, these interactions were not defined. Crosstalk
between the gut microbiota, mTreg cells, the TLR/CXCL16/CXCR6/NF-xB signaling pathway and PTH requires further
investigation in future studies. It is very fortunate that PTH regulates intestinal microbiota balance and restores mTreg
cells to alleviate experimental AIH, which is closely related to the TLR/CXCL16/CXCR6/NF-xB signaling pathway.
These results will have directive significance and help to determine more immunomodulatory effects of PTH, to widen
the scope of the clinical application of PTH treatment in AIH, and to develop new drugs related to PTH. In the future, we
will plan to separate and co-cultured mTreg cells with PTH, or culture medium from PTH and the specific bacteria using
a transwell microfluidic control chip, and to compare the effect of the inhibitor or agonist of the TLR/CXCL16/CXCR6/
NF-«B signaling pathway on mTreg cells, and ultimately discover the definite action target and effective ingredients of
PTH in the treatment of AIH.
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ARTICLE HIGHLIGHTS

Research background

Autoimmune hepatitis (AIH) is a common and frequently-occurring interfacial hepatitis, and its etiology remains
unknown. The interaction between regulatory T (Treg) cells and intestinal microbiota may provide a feasible therapeutic
strategy for AIH.

Research motivation

As a well-known traditional Chinese medicine, Pien Tze Huang (PTH) is regularly used to treat liver conditions,
including AIH. PTH has a physiological basis for controlling Treg cells and intestinal microbiota. However, it is unknown
whether PTH can regulate intestinal microbiota and memory Treg (mTreg) cells to treat ATH.

Research objectives
To explore the mechanism of PTH treated AIH by determining the changes in the structure of intestinal microbiota and
the level of mTreg cells.

Research methods

Following establishment of the mouse model of Concanavalin A (Con A)-induced AIH, prophylactic administration of
PTH was given for 10 d. The levels of mTreg cells were measured by flow cytometry, and intestinal microbiota was
analyzed by 165 rDNA analysis, while western blotting was used to identify the activation of the Toll-like receptor
(TLR)2, TLR4/nuclear factor-xB (NF-xB), and CXCL16/CXCR6 signaling pathways.

Research results

In the present study, after PTH administration in mice with AIH, the expression of pro-inflammatory factors [such as
tumor necrosis factor-alpha, interferon-vy, interleukin (IL)-1f, IL-2, IL-6, and IL-21] and Th17 cells was decreased, followed
by improved pathological liver injury. In addition, the number of Treg/mTreg cells and IL-10 level were markedly
increased, and the diversity of intestinal microbiota was regulated. Furthermore, activation of the TLR4/NF-«B, CXCL16/
CXCR6 signaling pathway was suppressed in hepatic tissue.

Research conclusions
PTH effectively relieved pathological liver injury in mice with Con A-induced AIH, which was realized by improving
intestinal microbiota balance and mTreg levels, and inhibiting the TLR/CXCL16/CXCR6/NF-xB signaling pathway.

Research perspectives

This research indicated that the mechanism of PTH treated mice with AIH was closely related to the regulation of
intestinal microbiota balance and improving mTreg cell levels. These results provide scientific evidence for the
application of PTH in AIH treatment and for the development of new drugs for ATH.
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