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Abstract 

AIM: To investigate whether transforming growth factor-β1 (TGF-β1) signaling pathway is involved in the pathogenesis of primary biliary cirrhosis (PBC). 

METHODS: A murine model of PBC was developed by injection of polyinosinic polycytidylic acids (poly I: C) in C57BL/6 mice, and the liver expressions of TGF β1, TGF-β receptor I (TβRI), TGF-β receptor II (TβRII), p-Smad2/3, monoclonal α-smooth muscle actin antibody (α-SMA) and α1 (I) collagen in mice model and control mice were evaluated by immunohistochemistry, immunoblotting and real-time polymerase chain reaction (RT-PCR) Lymphocyte subsets in liver were analyzed using flow cytometry.
RESULTS: The mice model had several key phenotypic features of human PBC, including elevated levels of alkaline phosphatase, antimitochondrial antibodies, portal bile ducts inflammation, and progressive collagen deposition. Protein and mRNA levels of TGF β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen were higher in liver from mice model compared with that in control mice (1.7 ± 0.4 vs 8.9 ± 1.8, 0.8 ± 0.2 vs 5.1 ± 1.5, 0.6 ± 0.01 vs 5.1 ± 0.1, 0.6 ± 0.3 vs 2.0 ± 0.3, 0.9 ± 0.4 vs 3.4 ± 0.6, 0.8 ± 0.4 vs 1.7 ± 0.3, 1.1 ± 1.2 vs 11.8 ± 0.6, P < 0.05), as well as the total number and percentage of CD4+CD25+FOXP3+ and CD8+ lymphocytes (0.01 ± 0.001 vs 0.004 ± 0.00, 0.12 ± 0.04 vs 0.52 ± 0.23, P < 0.01).
CONCLUSION: TGFβ1 might play a dual role in the development of PBC: it suppresses inflammatory response but operates to enhance fibrogenesis on the other hand. The aberrant activity of TGF-β1 signaling contributes to the development of PBC.

© 2013 Baishideng. All rights reserved.
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Core tip: Primary biliary cirrhosis (PBC) is an autoimmune liver disease. Recent studies suggest that transforming growth factor-β1 (TGF-β1) signaling pathway might play an important role in the pathogenesis of PBC. However, whether TGF-β1 signaling pathway is involved in the development of PBC is still unknown. The studies have provided new data of TGF-β1 signaling pathway involving the pathogenesis of PBC, which will have significant impact on our understanding of the pathogeneses of PBC. Moreover, the data is the novel result of the role of TGF-β1 in the development of PBC. TGF-β1 signaling pathway is potential target for therapy of PBC.
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INTRODUCTION 

Primary biliary cirrhosis (PBC) is a progressive autoimmune liver disease characterized by portal inflammation and immune-mediated destruction of the intrahepatic bile ducts. Damage of bile ducts is associated with cholestasis, and eventually leads to liver failure[1].

Cytokines are involved in cell-to-cell interaction via specific receptors, inflammatory response amplification, immune regulation and fibrogenesis. Transforming growth factor-β1 (TGF-β1) is a prominent antiproliferative and profibrogenic cytokine that signals through TGF-β receptor II (TβRII), and receptor I (TβRI), that in turn phosphorylate Smads at the mad homology 2 domain[2]. Perturbation of TGF-β1 signaling has been implicated in several developmental disorders and in various human diseases including cancer, fibrosis and autoimmune disease[3-5]. Mice transgenic of a dominant negative form of TβRII, under the CD4 promoter lacking the CD8 silencer[6], spontaneously developed features characteristic of PBC[7]. A compromised cytoarchitecture and polarized trafficking of TGF-β1 signaling molecules including embryonic liver fodrin and Smad3 were also noted in the pathogenesis of PBC[8]. Moreover, TGF-β1 was a marker for fibrosis and reflected severity of disease in patients with PBC[9,10]. Therefore, aberrant TGF-β1 signaling contributes to a loss of self tolerance to autoantigens in the liver, which in turn leads to autoimmunity. 

We developed an animal model of PBC by polyinosinic polycytidylic acids (poly I: C) injection in genetically susceptible C57BL/6 female mice that would allow the analysis of the early cellular events of PBC[11,12]. We found TGFβ1 played a dual role in the development of PBC: it suppressed inflammatory response but operated to enhance fibrogenesis on the other hand. The aberrant TGF-β1 signaling contributed to the development of PBC.

MATERIAL AND METHODS
PBC animal model 

Adult 6-8 wk-old C57BL/6J (H-2b) mice were purchased from Institute of Laboratory Animal Sciences, Chinese Academy of Medical Science (CAMS) and Peking Union Medical College (PUMC, Beijing, China). They were maintained separately at the Department of Laboratory Animal, Peking Union Medical College Hospital (PUMCH), China, under controlled conditions (220C, 55% humidity, and 12 h day/night). All animals received adequate care according to good laboratory practice guidelines. The study protocol was approved by Committee of Animal Experimentation, PUMCH & CAMS. Female C57BL/6 mice were injected with 5 mg/kg of poly I: C (Invivogen Co. San Diego, USA) or normal saline (NS) as controls twice a week for 24 consecutive weeks, according to the protocol of Okada[11].

At week 8 and week 24, six mice of each group were sacrificed by cervical dislocation. Livers were fixed in buffered formalin (10%). Sera and tissue specimens were stored at -800C. The serum levels of alkaline phosphatase (ALP) and alanine amino-transferase (ALT) were measured by commercially available kit (WAKO Pure Chemical Industry, Osaka, Japan) exactly according to the manufacturer’s protocol.
Antimitochondrial antibodies detection
Antimitochondrial antibodies (AMA) and M2 were detected by the commercial immunofluorescence (IF), enzyme-linked immunosorbent assay (ELISA) kits (EUROIMMUN, German) and immunoblotting kits (IMTEC Corporation, German), according to the manufacturer’s protocol. Fluorescein isothiocyanate (FITC) or horseradish peroxidase (HRP)-conjugated monoclonal goat anti-mouse IgM or IgG (Jackson ImmunoResearch Laboratories, West Grove, PA) was used as the secondary antibody. Plates were read at 450 nm with a microplate reader (Bio-RAD Model 550, Tokyo, Japan). Sera with optical density (OD) values greater than the mean ± 2SD from the negative controls were regarded as AMA positive.
Histopathology 

Formalin-fixed, paraffin-embedded tissue sections were cut into 5 μm slices for routine HE staining. Tissues were also stained with Azan to detect collagen deposition[13]. Briefly, sections were deparaffinized in xylene, dehydrated, rehydrated in distilled water, immersed in 5% potassium dichromate solution for 30 min, and stained with azocarmine G for 30 min. Sections were then immersed in 3% 12 tungsto (IV) phosphoric acid n-hydrate solution for 1 h and stained with aniline blue-orange G for 20 min.
Immunohistochemistry

Antibodies against CD4 (1/200; L3T4, eBioscience) and CD8 (1/100; 53-6.7; Biolegend) were used for immunohistochemical staining of the portal tract infiltrates. Anti-cytokeratin 7 (1/50; RCK 105; BD Bioscience) was used to detect biliary cell. Antibodies against TGF-β1 (1/200; V), TβRI (1/200; T-19), TβRII (1/200; C-16), p-Smad2/3 (1:50; Ser 433/435) (all obtained from Santa Cruz Biotechnology) and monoclonal α-smooth muscle actin antibody (α-SMA, 1:250; 1-4A; Sigma) were used to detect the expressions of TGF-β1 signaling proteins. Briefly, after deparaffinization, sections were incubated in a Decloaking Chamber (Biocare Medical; set point: SP1 123°C for 2 min, SP2 85°C for 10 s, SP limit 10°C), soaked in 3% H2O2 methanol solution for 5 min, then 15 min in 1 × Universal blocking solution (Bio-Genex) and 20 min in 10% goat serum to prevent nonspecific staining. After that, sections were incubated with primary antibodies for 1 h at room temperature in a moist chamber. After three washes with 0.1% Tween 20 in PBS (PBST) for 5 min, Envision TM (DakoCytomation) was applied according to the procedure and counterstained with Mayer’s hematoxylin (DakoCytomation) or DAPI (4', 6-diamidino-2-phenylindole 2HCI, D9542, Sigma).

Western blotting 

Liver tissue was homogenized in an Ultra-Turrax homogenizer in RIPA buffer containing 1mmol/L PMSF and protease inhibitors. After high-speed (12700 × g) centrifugation at 40C, the protein in the supernatant were separated by 10% SDS-PAGE (20 μg per lane), and transferred onto a PVDF membrane. After blocking with 1.5% bovine serum albumin (BSA) in Tris-buffered saline (TBS), TGF-β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1(I) collagen were detected using rabbit polyclonal antibodies against TGF-β1 (1:1000), TβRI (1:1000), TβRⅡ (1:1000), p-Smad2/3 (1:2000), α1 (I) collagen (1:2000), and α-SMA (1:400) respectively, and then incubated with anti-rabbit and mouse IgG HRP conjugated (Promega, Madison, WI). Specific binding was detected using the Super Signal West Dura Extended Duration Substrate (PIERCE, Rockford, IL) with a FluorTech 8800 gel doc system (Alpha Innotech) equipped with a chemiluminescent filter.

Real-time PCR 

Total RNA was isolated using TRI-Reagent (Sigma). Real-time PCR was carried out as described[14]. DNase I-treated total RNA (1 μg) was used for synthesis of the first strand of cDNA. Reverse transcription conditions were as follows: 42 0C for 15 min, 95 0C for 5 min and 5 0C for 5 min (one cycle). Real-time PCR was carried out in 25 μL of reaction solution (2.5 μL of 10×buffer, 5 mmol/L of each dNTP, 10 mmol/L MgCl2, 200 nmol/L primers and 0.75 unit of platinum® Taq polymerase; all from Invitrogen) plus 1 μL of SYBR Green (1:2000; BioWhittaker, Richland, ME, USA). No genomic DNA contamination or pseudogenes were detected by PCR in the absence of the reverse transcription step in the total RNA used. GAPDH was used as an invariant control. The reactions started at 95 0C for 7 min, followed by 40 cycles of 95 0C for 20 s, 54 0C for 30 s and 720C for 30 s. Melting peaks of PCR products were determined by heat denaturation from 60 to 950C at 0.2 0C /s. Fold changes in the mRNA levels of target genes relative to the endogenous GAPDH control were calculated as suggested by Schmittgen et al[15]. Table 1 show primers used in real-time PCR. 

Real-time PCR was performed for quantitative analyses according to standard protocol using the SYBR Green PCR Master Mix and ABI PRISM 7900 Sequence Detection System (Applied Biosystems, Tokyo, Japan).

Flow cytometry

Livers were first perfused with PBS containing 0.2% BSA, passed through a nylon mesh, and resuspended in PBS/0.2% BSA (EMD chemicals, Gibbstown, NJ). Hepatocytes were removed as pellets after centrifugation at 700 r/min for 60 s periods[16]. Lymphocytes from suspended liver cells were then isolated using Histopaque-1077 (Sigma Chemical Co. St. Louis, MO). After centrifugation, cells were washed with PBS/ 0.2% BSA, and the viability of cells confirmed by trypan blue dye (Sigma Chemical Co.) exclusion. Cell preparations were then pre-incubated with anti-mouse FcR blocking reagent and then incubated at 4°C with a combination of fluorochrome-conjugated antibodies, including anti-CD4 FITC, anti-CD25 APC, anti-CD8 PECy5, anti-Foxp3 PE (all obtain from eBioscience). Multiple-color flow analyses were performed using a FACScan flow cytometer upregulated by Cytec Development (Fremont, CA) to allow for 4-color analysis. Acquired data were analyzed with CELLQUEST Software (BD Biosciences) and FlowJo Software (Tree star, Inc., Ashland, OR). 

Statistical analysis
Results are expressed as mean ± SD and were evaluated using Mann-Whitney U tests for comparison between samples from mice model and littermates, with P < 0.05 considered significant.

RESULTS
Histological features in Poly I: C induced animal model 
The serum levels of ALT, ALP and total bilirubin in the mice model were greater than in the control mice (105.5 ± 36.9 IU/L vs 28.2 ± 2.9 IU/L, P = 0.006; 138.2 ± 15.3 IU/L vs 74.8 ± l8.5 IU/L, P = 0.025; and 2.8 ± 0.4 mg/dL vs 0.95 ± 0.12 mg/dL, P = 0.043). Mice model displayed an increase AMA titer over time. By week 24, sera samples of the six mice model were all positive for AMA/M2. In the mice model, the mean titer of anti-M2 was significantly higher at week 24 than at week 8 (P < 0.0005), while in the control mice AMA/M2 was not detected. The time table of AMA in the mice model resembled that in human PBC, of which the disease is not observed in childhood and typically develops in the fourth or fifth decade of life.
In the liver of the mice model, moderate to severe infiltration of lymphoid cells was detected within the portal tracts in association with bile duct damage and a mild interface hepatitis (piecemeal necrosis) at week 8 (Figure 1B) and bile plugs were seen in canaliculi around portal tracts at week 24 (Figure 1C), which was absent in control mice (Figure 1A). Direct bile duct destruction was determined by the detection of scattered portal infiltration of CK-7 positive cells. Moreover, in liver tissues from some mice model, biliary cell destruction was so severe that identification of an intact bile duct structure was impossible and all biliary-type and hepatocytes were CK-7 positive, particularly in samples with cholestasis (Figure 1D). Immunohistochemical analysis demonstrated infiltration of CD4+ and CD8+ lymphocytes around small bile ducts that were absent in control mice (Figure 1E and F).

In situ detection of TGF β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen in liver

In mice model, expression of TGF β1 in periportal and intralobular regions became more prominent as time increased (Figure 2A-D). At week 8, there were positive expression of TβRI and TβRII in some periportal hepatocytes and biliary ductile endothelial cells (Figure 2E-H). At week 24, distribution of TβRI and TβRII became more extensive and prominent (Figure 2F and I).
In mice model, intranuclear staining of p-Smad2/3 was observed in some periportal and intralobular hepatocytes at week 8, and became more prominent at week 24 (Figure 3A-C), α-SMA positive staining and collagen deposition around portal areas were observed at week 8 (Figure 3E and H), and extension into surrounding parenchyma at week 24 (Figure 3F and I), which was absent in the liver of control mice (Figure 3D and G). 

Immunoblot of TGF-β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen 

Immunoblot analysis of TGF-β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen of the liver homogenates from mice model and control mice at week 8 and 24 were shown in Figure 4. Compared with that from control mice, there were increasing expressions of TGF-β1, TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen of the liver homogenates from mice model as time increased.

Real-time PCR of TGF-β1, TβRI, TβRII, Smad2/3, α-SMA and α1 (I) collagen 

As show in Table 2, the mRNA level of TGF-β1 TβRI, TβRII, Smad2, Smad3, α-SMA and α1 (I) collagen of liver homogenates from mice model at week 8 and 24 were higher than that from control mice.

Flow cytometry analysis of lymphocyte subsets in liver
After polyI:C injection, the total numbers of lymphocytes significantly increased in the liver of mice model (Table 3). Although the total number of intrahepatic CD4+ lymphocytes increased, the percentage of CD4+ cells in the lymphocytes did not (Figure 5). In contrast, the CD8+ population in mice model significantly increased both in total number and percentage compared with that in controls (Figure 5). In addition, the mice model had a marked increase in the number as well as percentage of CD4+CD25+FOXP3+ lymphocytes compared with control mice (Table 3 and Figure 5). This finding is particularly interesting, as previous studies reported a decrease in precursors of CD4+CD25+ regulatory T cells (Treg) in the peripheral blood of PBC patients[7,17,18], and several recent reports demonstrating increased infiltration of FOXP3+ Treg in damaged organ or target tissues in autoimmune diseases[19-21].
DISCUSSION
Our study demonstrated that this mice model mimic several key phenotypic features of human PBC. It had elevated levels of ALP, AMA, portal bile ducts inflammation, and progressive collagen deposition. In human PBC, there is a ten-fold increase in frequency of CD8+ T cells specific for PDC-E2 in liver compared with that in peripheral blood, and it correlates with biliary ductular damage[18,22,23]. Interestingly, our mice model also had increased CD8+ lymphocyte infiltration in liver, which are in consistent with the chronic autoimmune nature of the disease. CK-7 is regarded as a histological marker for progression in PBC and indicates poor prognosis[24]. Hepatocytes do not normally express CK-7 except in the advanced stage of PBC, which was also observed in our study. Taken together, this animal model had several key phenotypic features and would allow us to analyze the early cellular events of PBC.

TGF-β1 is the key regulator in the pathogenesis of hepatic fibrosis, and appears to aggregate in the liver of PBC patient [25, 26]. The selective abnormality of the TGF-β1 signaling pathway in T lymphocytes leads to impairment to peripheral tolerance and spontaneously development of features characteristic of PBC[7]. TGF-β1 is an essential modulator of Foxp3 expression in Tregs cells[20], conditioning their suppressive function. Recent studies have demonstrated reduction in the number of circulating Tregs in patients with PBC[21]. In addition, it is reported that the population of Tregs coexpressing Foxp3 and TGF-β1 decreases with age in female NOD mice[27]. Tregs produce elevated levels of TGF-β1, taken together the fact that TGF-β1 signaling receptors are up regulated on the membrane of Tregs, underscores the potential for autocrine and/or paracrine receptor-ligand interaction in these cells. TGF-β1 is a positive regulator of Tregs expansion and inhibits autoimmune diseases via regulation of the size of Tregs pool in vivo[28]. Our study found elevated levels of TGF-β1 as well as the total number of CD4+CD25+FOXP3+ Treg in the liver of mice model, which seems different from some studies[29-31]. However, there were also several reports demonstrating increased infiltration of FOXP3+ Tregs in damaged organ or target tissues in autoimmune disease, suggesting that suppressor cells migrate to and/or multiply at the sites of inflammation as part of immune response to combat injurious inflammation[19-21], and in liver suppress hepatic immunity to autoantigens[32]. Taken together, our study illustrates that TGF-β1 regulation of FOXP3+ Tregs may be involved in the maintenance of chronic inflammation in PBC.

TGF-β1 down-regulates potentially harmful inflammatory responses in the liver, albeit at the expense of scar formation[33]. TGF-β1 signaling could induce phosphorylation of Smad2 and Smad3, which translocate into the nucleus to regulate expressions of specific target genes such as α1 (I) collagen and α-SMA[34]. Our study demonstrated that in the liver of mice model, the levels of TGFβ1 as well as TβRI, TβRII, p-Smad2/3, α-SMA and α1 (I) collagen increased with age. These findings revealed that TGFβ1 may be involved in the fibrogenesis of the mice PBC model. Liver fibrosis occurs as a consequence of the differentiation of hepatic stellate cells (HSCs) into myofibroblasts, which is regulated by TGF β1[35]. Our study showed that the number of cells positive for α-SMA, which is a marker for myofibroblast-like cells[36], increased in aged mice model, which was coincident with increased expression of TGFβ1 and its signal molecules, supporting TGF β1 signal pathway was involved in myofibroblasts differentiation and subsequent liver fibrosis in mice PBC model.

In conclusion, although our data are derived from a murine model of PBC whose immunoregulation in PBC is likely to be far less complex than in human, the findings emphasize the role of TGFβ1 in development of PBC. TGFβ1 plays a dual role in development of PBC: it suppresses inflammatory response but operates to enhance fibrogenesis on the other hand. The aberrant activity of TGF-β1 signaling contributes to the development of PBC. 
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Background

Primary biliary cirrhosis (PBC) is an autoimmune liver disease. Recent studies suggest that TGF-β1 signaling pathway might play an important role in the pathogenesis of PBC. However, whether TGF-β1 signaling pathway is involved in the development of PBC is still unknown.
Research frontiers

Transforming growth factor-β1 (TGF-β1) plays an important role in autoimmunity and liver fibrosis and a TGF-β1 receptor knockout mouse has been recently proposed as a model for PBC. There is strong experimental evidence that TGF-β1 is implicated in the pathogenesis of PBC, probably through deregulation of T-reg.
Innovations and breakthroughs

An animal model of PBC was developed by polyinosinic polycytidylic acids (poly I:C) injection in genetically susceptible C57BL/6 female mice. And the liver expressions of TGF β1, TGF-β receptor I (TβRI), TGF-β receptor II (TβRII), p-Smad2/3, monoclonal α-smooth muscle actin antibody (α-SMA) and α1(I) collagen in mice model and control mice were evaluated. The relationship between TGF-β and Treg was also analyzed. The study found that TGFβ1 played a dual role in the development of PBC. The aberrant TGF-β1 signaling contributed to the development of PBC.
Applications

These studies have provided new data of TGF-β1 signaling pathway involving the pathogenesis of PBC, which will have significant impact on people understanding of the pathogeneses of PBC. Moreover, the data is the novel result of the role of TGF-β1 in the development of PBC. TGF-β1 signaling pathway is potential target for therapy of PBC

Peer review

This paper finds that aberrant TGF-β1 signaling contributes to the development in PBC. Until now we do not have a good answer for the role of TGF-β1 signaling in PBC. These findings may be related to the immunological abnormalities of PBC while the role of TGF-β1 signaling needs further investigation.
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Figure 1 Histological features of the liver. A: Control mice; B-F: Mice model; B: Lymphocytic infiltration (red arrows) around the small bile ducts within the portal tracts at week 8; C: bile plugs were seen in canaliculi at week 24; D: CK-7 expression in periportal proliferated bile ductile and intralobular hepatocytes; E: CD4+ lymphocytes infiltration; F: CD8+ lymphocytes infiltration (bar 10 μm).
Figure 2 Expressions of transforming growth factor-β1, transforming growth factor-β receptor I, transforming growth factor-β receptor II in liver. A, D and G: Control mice; B, C, E, F, H and I: Mice model; A-C: Transforming growth factor-β1 expression; D-F: Transforming growth factor-β receptor I expression; G-I: Transforming growth factor-β receptor II expression (bar 10 μm).

Figure 3 Expression of p-Smad2/3, α-smooth muscle actin antibody and collagen in liver. A, D, G: Control mice; B, C, E, F, H and I: Mice model. A-C: p-Smad2/3 expression; D-F: α-smooth muscle actin antibody expression; G-I: Collagen expression (bar 10 μm).
Figure 4 Immunoblot of transforming growth factor-β1, transforming growth factor-β receptor I, transforming growth factor-β receptor II, p-Smad2/3, α-smooth muscle actin antibody and α1 (I) collagen. A: Western blotting analyses of transforming growth factor-β1, transforming growth factor-β receptor I (TβRI), TβRII, pSmad2/3, α-smooth muscle actin antibody and α1 (I) collagen expression of the liver homogenates. GAPDH was an internal control for equal loading (n = 6); B: aP < 0.05, bP < 0.01 vs control mice.

Figure 5 Lymphocytic subsets of the liver. A: The percentage of CD4+ and CD8+ cells in total lymphocytes population in liver; B: The percentage of CD25+FOXP3+ in CD4+ cells population in liver.
Table 1 Primers for real-time polymerase chain reaction
	Gene
	Genbank no
	Forward primer (5′ to 3′)
	Reverse primer (5′ to 3′)

	TGFβ1
	NM_011577
	TGCTAATGGTGGACCGCAA
	CACTGCTTCCCGAATGTCTGA

	Tβ RI
	NM_009370
	ATGGTTCCGAGAGGCAGAGAT
	CCATGTCCCATTGTCTTTGTTG

	Tβ RII
	NM_009371
	CCAGAAGTCCTGCATGAGCAA
	TGGCAAACCGTCTCCAGAGTA

	Smad2
	NM_010754
	TCTCCGGCTGAACTGTCTCCTA
	GCGATTGAACACCAGAATGCA

	Smad3
	NM_016769
	ATGGAGCTCTGTGAGTTTGCCT
	TGGAGGTAGAACTGGCGTCTCT

	α-SMA
	NM_007392
	CTATTCAGGCTGTGCTGTCCCT
	GCCCTCATAGATAGGCACGTTG

	α1(I) collagen
	NM_007742
	CCCAAGGAAAAGAAGCACGTC
	AGGTCAGCTGGATAGCGACATC

	GAPDH
	NM_008084
	AGCCTCGTCCCGTAGACAAAA
	TGGCAACAATCTCCACTTTGC


Table 2 The mRNA level of TGF-β1 TβRI, TβRII, Smad2, Smad3, α-SMA and α1 (I) collagen in mice model and control mice
	
	Control mice
	Mice model

	
	
	8 wk
	24 wk

	TGF-β1
	1.7±0.4
	7.0±1.8b
	8.9±1.8 d

	TβRI
	0.8±0.2
	2.8±0.7 b
	5.1±1.5 d

	TβRII
	0.6±0.01
	1.9±0.9 b
	5.1±0.1 d

	Smad2
	0.6±0.3
	3.8±1.1 b
	2.0±0.3 b

	Smad3
	0.9±0.4
	1.7±0.8a
	3.4±0.6 b

	α-SMA
	0.8±0.4
	1.8±0.1 a
	1.7±0.3 a

	α1 (I) collagen
	1.1±1.2
	11.0±1.5d
	11.8±0.6 d


The mRNA fold changes were calculated by using GAPDH as a control. Values were expressed as means ± SD from 3 independent experiments. aP < 0.05, bP < 0.01, dP < 0.001 vs control mice.
Table 3 Phenotype of mononuclear cells in the liver 

	
	Mice model
	Control mice

	Total cell number (×106)
	1.6±0.47a
	0.48±0.32

	CD4+ (×106)
	0.06±0.01
	0.04±0.01

	CD8+ (×106)
	0.58±0.11a
	0.08±0.03

	CD4+/CD8+
	0.12±0.04a
	0.52±0.23

	CD4+CD25+FOXP3+ (×106)
	0.01±0.001b
	0.004±0.001


aP < 0.05, b P < 0.01 vs control mice.
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