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Abstract

AIM: To investigate the presence of autoantibodies directed against liver sinusoidal cells in primary biliary cirrhosis (PBC).
METHODS: Liver biopsies from 21 PBC patients were studied and compared with 12 liver biopsies from disease controls (3 patients with hepatitis B (HBV) virus, 3 patients with hepatitis C virus (HCV), 3 patients with non-alcoholic steatohepatitis and 3 patients with alcoholic hepatitis (AAH). As healthy controls, we used tissue specimens adjacent to metastatic liver adenocarcinoma. Normal serum was taken from staff members of the unit. The determination of the cell type targeted by autoantibodies present in the patients sera was performed by indirect immunofluorescence (IIF) analysis using paraffin-embedded liver sections as a substrate. Sera from homologous or heterologous PBC patients or sera from the disease control group were used as primary antibodies. The presence of autoantibodies was identified using confocal microscopy.

RESULTS: In total, 18/21 (85.7%) PBC patients exhibited positive staining in the sinusoidal cells, 10/21 (47.6%) in lymphocytes, 8/21 (38%) in cholangiocytes and 7/21 (33.3%) in hepatocytes, when homologous serum and fluorescein isothiocyanate (FITC)-conjugated immunoglobulin type G (IgG) secondary antibody were used. PBC sections incubated with heterologous PBC serum showed reduced staining (20% for sinusoidal cells, 20% for lymphocytes, 20% for cholangiocytes and 13.3% for hepatocytes). When IgM immunoglobulin, instead of IgG, was used as secondary antibody, positive staining was observed in 75% of lymphocytes, 62.5% of cholangiocytes, 37.5% of hepatocytes and 50% of the sinusoidal cells with a much stronger staining intensity. No staining was observed when either normal or PBC sera were used as a primary antibody on liver sections from the disease control group. When PBC sera were incubated with healthy control sections, weak positive staining of cholangiocytes was observed in 3/21 (14.3%) PBC serum samples. Steatohepatitis serum on PBC sections gave a positive staining of some hepatocytes and lymphocytes but no staining on viral hepatitis sections. Incubation with HBV sera stained some hepatocytes, cholangiocytes and intra-sinusoidal or portal lymphocytes of PBC, HBV and AAH patients but not HCV patients. 

CONCLUSION: In this study, for the first time in diseased liver tissue, we have demonstrated that a large proportion of PBC patients have disease specific autoantibodies against liver sinusoidal cells. 
( 2013 Baishideng. All rights reserved.
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Core tip: In this study, indirect immunofluorescence staining was performed on paraffin-embedded human liver sections of various chronic liver diseases to demonstrate the presence of disease specific autoantibodies targeting sinusoidal cells in patient sera. Liver sections from normal and disease controls were used as the substrate, and sera were the source of primary antibodies. Our findings indicate that disease specific antibodies against liver sinusoidal cells circulate in primary biliary cirrhosis (PBC). Various non disease specific antibodies were also found in PBC and chronic hepatitis B but not in other chronic liver diseases. 
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease of unknown etiology that leads to a progressive nonsuppurative destruction of small- and medium-sized intrahepatic bile ducts and eventually to cirrhosis and liver failure[1]. The diagnosis of PBC is based on three criteria: the presence of detectable anti-mitochondrial antibodies (AMAs) in the serum, the elevation of cholestatic enzymes (most commonly, alkaline phosphatase (ALP) for > 6 mo and histological findings in the liver that are compatible with the presence of the disease. A probable diagnosis requires the presence of two criteria, and a definite diagnosis requires all three[2].

The major mitochondrial autoantigens recognized by AMAs are members of the 2-oxoacid dehydrogenase complex (ODC) family


[3-5] ADDIN REFMGR.CITE . Studies based on immunohistochemistry and affinity mass spectrometry have suggested that either PDC-E2 (a member of the ODC family) or a cross-reactive molecule is present in greatly increased amounts at the apical surface of biliary epithelial cells (BECs) from patients with AMA-positive or AMA-negative PBC, but not from normal individuals or patients with other liver diseases


[4,5] ADDIN REFMGR.CITE . Additionally, in other studies, in addition to the intense staining of the apical surface of BECs, positive staining was observed in a subset of macrophages in portal lymph nodes


[6] ADDIN REFMGR.CITE  and in hepatocytes[7].
In addition to AMAs, which are the hallmark of PBC, antinuclear antibodies (ANAs) have also been detected in 30% of PBC patients


[8-10] ADDIN REFMGR.CITE .

Two PBC-specific ANA immunofluorescence patterns have been identified


[11,12] ADDIN REFMGR.CITE : “multiple nuclear dots”, corresponding to the antigens Sp100 and Sp140, promyelocytic leukemia (PML) nuclear body proteins and small ubiquitin-like modifiers (SUMOs)


[13,14] ADDIN REFMGR.CITE , and “nuclear membrane” (rim), caused by anti-nuclear envelope antibodies (ANEAs), such as gp210 and nucleoporin p62


[15,16] ADDIN REFMGR.CITE . The anti-gp210 antibodies are highly specific for PBC and are associated with disease activity and severity


[17,18] ADDIN REFMGR.CITE .

Nakamura et al. found that the expression of gp210 is markedly increased on the nuclear envelope of small bile ducts and sometimes at infiltrating mononuclear cells in the portal area and/or periportal hepatocytes in PBC and this expression was positively correlated to disease activity


[19] ADDIN REFMGR.CITE . We also reported that 46.9% of patients with PBC have detectable ANEAs and 21% of them had detectable anti-gp210 antibodies. The presence of these antibodies identifies a subgroup of PBC patients with advanced disease and poor prognosis


[20] ADDIN REFMGR.CITE . So far, no antibodies against liver sinusoidal cells have been reported in diseased liver tissue.

In our previous studies, we hypothesized that the primary initiating event in PBC may be the overproduction of endothelins by liver sinusoidal cells


[21,22] ADDIN REFMGR.CITE .

The aim of the present study was therefore to identify the presence of circulating antibodies against liver sinusoidal cells in PBC patients.

MATERIALS AND METHODS

Patients 

Liver biopsies from 21 PBC patients were studied and compared with 12 liver biopsies from disease controls (3 patients with hepatitis B virus (HBV), 3 patients with hepatitis C virus (HCV), 3 patients with non-alcoholic steatohepatitis and 3 patients with alcoholic hepatitis (AAH). As healthy controls, we used tissue specimens adjacent to metastatic liver adenocarcinoma. Normal serum was taken from staff members of the unit. The mean age of the 21 PBC patients was 52.9 ±1 3.4 years (range: 31-76 years), and the mean Mayo risk score was 4.2 ± 1.0 (range: 2.8-6.5) at diagnosis. Seventeen (81%) patients were stage I-II, and 4 (19%) were stage III-IV, according to Ludwig[23]. Fifteen patients were positive for ANEAs, and 7 were anti-gp210 positive.

No patients or disease controls had any associated autoimmune diseases.

The study was approved by the Ethics Committee of the University Hospital of Heraklion, and written informed consent was collected from all patients and controls participating in the study.
Indirect immunofluorescence analysis of paraffin-embedded sections 

The determination of cell types targeted by autoantibodies present in the patients sera was performed by indirect immunofluorescence (IIF) staining using paraffin-embedded sections as a substrate. As a primary antibody, serum from each patient (homologous), serum from another PBC patient (heterologous) or serum from normal or disease control was used. Paraffin-embedded liver biopsy sections of 3 μm thickness were deparaffinized in xylene and rehydrated in graded ethanol solutions (100%, 95%, 80% and 70%).

IIF analysis was performed as previously described


[24] ADDIN REFMGR.CITE . Briefly, antigen retrieval was achieved by incubation with citrate buffer (1.8 mmol/L citric acid and 8.2 mmol/L sodium citrate) for 2 h at 37 ℃. After blocking with phosphate-buffered saline (PBS) containing 2 mL/L Triton X-100, 2 mmol/L MgCl2 and 10 mL/L gelatin from cold-water fish skin (Sigma-Aldrich, Germany) for 10 min, the sections were incubated with patient serum for 2 h (dilution 1:50). The sections were washed with blocking buffer and incubated with fluorescein isothiocyanate (FITC)–conjugated goat anti-human immunoglobulin type G (IgG) (dilution 1:500, H+L secondary antibody, Chemicon, Millipore, Germany) or immunoglobulin type M (IgM) (dilution 1:100, DAKO, Carpinteria, CA) for 45 min at room temperature. Afterward, nuclei were counterstained by incubating the sections for 5 min with TO-PRO-3 iodide (TO-PRO) (dilution 1:1000 in blocking buffer, Molecular Probes, Inc). Lastly, the sections were rinsed in PBS and mounted with mounting medium containing DAPI (Santa Cruz Biotechnology, Inc, Germany). Negative controls were generated by omitting the primary antibody. Fluorescence was observed under a Leica SP confocal microscope. In preliminary experiments, the sections were incubated with dilutions of sera up to 1:200. The results were similar, but the staining intensity was weaker, so a dilution of 1:50 was used throughout.
RESULTS

IIF analysis of paraffin-embedded sections 

We have observed five types of staining: apical staining of BECs; perinuclear and nuclear staining of lymphocytes, hepatocytes, cholangiocytes and sinusoidal cells, punctuated staining of hepatocytes and cytoplasmic staining of lymphocytes, hepatocytes, cholangiocytes and sinusoidal cells.
PBC sections incubated with PBC serum and FITC-conjugated IgG secondary antibody

Homologous serum: Of the 21 PBC patients 10 (47.6%) yielded positive staining in lymphocytes, 8 (38%) in cholangiocytes, 7 (33.3%), hepatocytes; and 18 (85.7%) in the sinusoidal cells, (Table 1, Figure 1D-F), although the sinusoidal staining was weak.
Heterologous serum: PBC sections with heterologous PBC serum showed reduced staining [(lymphocytes: 20% of patients, cholangiocytes: 20%, hepatocytes: 13% and sinusoidal cells: 20% (Figure 1G-I)].
PBC sections incubated with PBC serum and FITC-conjugated IgM secondary antibody 

Staining with homologous serum was different when IgM was used as a secondary antibody rather than IgG. Positive staining was observed in lymphocytes (75% of patients), cholangiocytes (62%), hepatocytes (38%) and sinusoidal cells (50%), but the staining was very strong (Figure 1J-L).
PBC sections or sections from disease controls incubated with normal serum
No staining was observed (Figure 2A-F).
Sections from disease controls or sections of normal controls incubated with PBC serum

No staining was observed when PBC sera were used on sections from the disease control group (Figure 2G-I). When PBC sera were used as a primary antibody on healthy control sections, weak positive staining of cholangiocytes in 3/21 (14.3%) PBC sera was observed (Figure 2J-L). 
PBC sections or sections from disease control group incubated with serum from disease controls

Steatohepatitis serum on PBC sections yielded positive staining of some hepatocytes and lymphocytes (Figure 2M-O) and no staining of viral hepatitis sections (Figure 2P-R).

Incubation with HBV sera yielded positive staining of the hepatocytes, intra-sinusoidal and portal lymphocytes and cholangiocytes of some PBC (Figure 3A-C), HBV (Figure 3D-F) and AAH (Figure 3G-I) patients but not HCV patients (Figure 3 J-L).

DISCUSSION

In the present study, for the first time in diseased liver tissue, we have identified sinusoidal cells as liver cells targeted by circulating autoantibodies in PBC patients. We previously hypothesized that the primary event in PBC is the excessive production of endothelin 2, possibly by sinusoidal cells


[21,22] ADDIN REFMGR.CITE .

The role of certain autoantibodies in PBC is well established from previous studies. Panels of mouse monoclonal antibodies and human combinatorial autoantibodies against specific antigens, such as members of the ODC family


[4,6,25-27] ADDIN REFMGR.CITE  or the gp210 antigen


[19,28] ADDIN REFMGR.CITE , have been used in paraffin-embedded liver sections, and their significance in diagnosis and prognosis has been verified. Tsuneyama et al. have demonstrated that both AMA-positive and AMA-negative PBC patients, but not controls, have abnormal expression of either PDC-E2 or a cross-reacting molecule in the apical region of the biliary epithelium


[4] ADDIN REFMGR.CITE .

Using in situ nucleic acid hybridization, Harada et al. found that there were no increased levels of PDC-E2 mRNA in PBC livers. The researchers suggested that the increased levels of immunoreactive material either did not arise in BECs or were not derived from material encoded by the PDC-E2 gene sequence


[29] ADDIN REFMGR.CITE . These data and the recurrence of such abnormal apical staining in liver allografts from PBC but not controls are most easily explained by the suggestion that the molecule at the apical surface of bile ducts in PBC tissue is not PDC-E2, but rather a molecule that bears a cross-reactive epitope. One possible source of such a molecular mimic may be infecting microorganisms, although no specific molecule from such organisms has been identified


[7,27] ADDIN REFMGR.CITE . 

However, in PBC, as in many other so-called autoimmune diseases, there are many other autoantibodies whose significance is usually unknown[11].

In the present study, we used paraffin-embedded liver sections and homologous and heterologous sera from PBC patients to detect liver cells that are the targets of circulating antibodies. When homologous serum was used along with an IgG secondary antibody, 48% of PBC patients exhibited positive staining of lymphocytes, 38% in bile ducts, 33% in hepatocytes and 86% in sinusoidal cells of the liver. A difference in staining was found when IgM was used rather than IgG to detect autoantibodies in patients with PBC. The staining of sinusoidal cells was weak with IgG but very strong when an IgM secondary antibody was used.

This difference between IgM and IgG antibodies may have a dual explanation. First, patients with PBC express IgM more frequently


[30,31] ADDIN REFMGR.CITE  than do patients with other autoimmune hepatic diseases. Alternatively, as we have shown in our previous study, these differences between IgG and IgM depend on the cell type that is being used as a substrate


[32] ADDIN REFMGR.CITE . When heterologous PBC sera were used, similar staining patterns were found, but the percentage was lower, and approximately 20% of the sinusoidal cells of PBC patients were positive. No staining was observed when PBC serum was incubated with liver biopsies from the disease controls.
The staining of the sinusoidal cells seemed to be specific for PBC patients because staining of lymphocytes, biliary epithelial cells and hepatocytes, but not sinusoidal cells, was observed in all other serum-tissue combinations that we used. Thus, sera from the disease control group incubated with either PBC liver or disease control liver showed that in chronic HBV, positive staining was observed in the lymphocytes of 17% of PBC patients, but not in the lymphocytes of patients with other liver diseases. In addition, the hepatocytes of 17% of patients with PBC and 20% of patients with other liver diseases were positive when incubated with chronic hepatitis B serum. The serum of a patient with steatohepatitis yielded very weak positive staining in lymphocytes and hepatocytes from certain patients with PBC but resulted no positive staining in the tissues of patients with other liver diseases.
In two earlier reports, antibodies against liver sinusoidal endothelial cells were described in both autoimmune hepatitis (AIH) and PBC. In the first report


[33] ADDIN REFMGR.CITE , sera from patients were incubated with isolated rat liver endothelial cells, and IgG bound to endothelial cells was found in 13% of patients with PBC. In a similar study, patient sera were incubated with isolated human liver sinusoidal endothelial cells, and 59% of PBC patients had reactive antibodies. Moreover, cells incubated with the F(ab)2 fragments of antibodies from either AIH or PBC patients were transformed into a vascular cell phenotype


[34] ADDIN REFMGR.CITE . Since we used sections of liver tissue rather than isolated cells, our findings are not directly comparable with the results of these studies. However, a higher proportion of our patients showed circulating antibodies against sinusoidal cells compared with the proportion in both previous studies. This finding might indicate that these antibodies may recognize other sinusoidal cells, such as Kupffer cells, in addition to endothelial cells.

Our findings indicate that both patient specific and disease specific antibodies circulate in PBC. At the same time, non disease specific antibodies were found in PBC and chronic HBV but not in other chronic liver diseases. However, the findings of the present study do not answer the question of whether antibodies circulating in the serum of patients with chronic hepatitis B recognize the same epitopes as circulating antibodies in PBC; this question needs to be further examined. More detailed studies are also required to further elucidate the specific sinusoidal cell type(s) against which these antibodies are directed.
In conclusion, the present study shows that a large proportion of PBC patients have disease specific autoantibodies against liver sinusoidal cells. To our knowledge, this result has not been previously reported for diseased liver tissue. The target antigens of the sinusoidal cells and the specificity of these antibodies need further study. Moreover, the antibodies clinical significance requires clarification, along with clinical follow-up of a large cohort of patients.
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Figure 1 Immunofluorescence of primary biliary cirrhosis sections incubated with primary biliary cirrhosis serum and fluorescein isothiocyanate -conjugated IgG or IgM secondary antibody. A-C: Negative control incubated with IgG secondary antibody; D-F: Primary biliary cirrhosis (PBC) section incubated with homologous PBC serum and IgG secondary antibody, showing staining of cholangiocytes, sinusoidal cells (weak staining) and mononuclear cells, probably lymphocytes; G-I: PBC section incubated with heterologous PBC serum and IgG secondary antibody, showing nuclear and cytoplasmic staining of hepatocytes and lymphocytes; J-L: PBC section incubated with homologous PBC serum and IgM secondary antibody, showing cytoplasmic staining of sinusoidal cells and lymphocytes. Magnification × 200. FITC: Fluorescein isothiocyanate. 
Figure 2 Immunofluorescence of primary biliary cirrhosis, AAH or normal sections incubated with primary biliary cirrhosis, disease control or normal serum and fluorescein isothiocyanate -conjugated IgG secondary antibody. A-C: Primary biliary cirrhosis (PBC) section incubated with normal serum; D-F: Autoimmune hepatitis (AIH) section incubated with normal serum; G-I: AAH section incubated with PBC serum; J-L: normal section incubated with PBC serum, showing weak positive staining of cholangiocytes; M-O: PBC section incubated with steatohepatitis serum, showing positive staining of hepatocytes; P-R: hepatitis B virus section incubated with steatohepatitis serum. Magnification × 200. FITC: Fluorescein isothiocyanate. 
Figure 3 Immunofluorescence of sections from the primary biliary cirrhosis and disease control groups incubated with HBV serum and fluorescein isothiocyanate conjugated IgG secondary antibody. A-C: Primary biliary cirrhosis (PBC) section with positive staining of intra-sinusoidal and portal lymphocytes; D-F: HBV section with positive staining of cholangiocytes; G-I: AAH section with positive staining of hepatocytes; J- L: HCV section. Magnification × 200. FITC: Fluorescein isothiocyanate. 

 
Table 1 Results of the 21 primary biliary cirrhosis patients after indirect immunofluorescence staining with homologous serum and IgG secondary antibody
	Patient
	Target cells

	
	Lymphocytes
	Cholangiocytes
	Hepatocytes
	Sinusoidal cells

	1
	P
	N
	N
	P

	2
	N
	N
	N
	P

	3
	P
	P
	N
	P

	4
	P
	N
	N
	P

	5
	N
	P
	N
	P

	6
	P
	N
	N
	N

	7
	P
	N
	P
	P

	8
	N
	N
	P
	P

	9
	P
	P
	N
	P

	10
	N
	N
	N
	P

	11
	P
	P
	P
	P

	12
	N
	P
	P
	N

	13
	N
	N
	N
	N

	14
	N
	P
	N
	P

	15
	N
	N
	N
	P

	16
	N
	P
	P
	P

	17
	N
	N
	N
	P

	18
	N
	N
	N
	P

	19
	P
	N
	N
	P

	20
	P
	P
	P
	P

	21
	P
	N
	P
	P

	Total positive n (%)
	10 (47.6)
	8 (38)
	7 (33.3)
	18 (85.7)


P: Positive staining; N: No staining.
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