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ABSTRACT  

IgG4-related disease (IgG4-RD) is a systemic illness including autoimmune pancreatitis 

and IgG4-related sclerosing cholangitis (IgG4-SC). Although hepatic presentation of 

IgG4-RD has been reported, whether intrahepatic small bile ducts and hepatocytes are 

direct targets of IgG4-RD is uncertain. IgG4-RD is pathologically characterized by the 

numerous IgG4+ cells found in affected organs, but this IgG4 positivity is also 

frequently found in extrahepatic cholangiocarcinoma and is prominent, albeit rarely, in 

other hepatobiliary diseases including primary sclerosing cholangitis and autoimmune 

hepatitis. Moreover, cholangiocarcinoma arising from precedent IgG4-SC and IgG4-SC 

accompanying precursor lesions of cholangiocarcinoma (biliary intraepithelial 

neoplasia) are also reported. Diagnostic criteria for IgG-RD and IgG4-SC were recently 

proposed, but each individual case should be diagnosed clinicopathologically on the 

basis of its individual features.  

 

Chapter keywords: cholangiocarcinoma, IgG4-sclerosing cholangitis, IgG4-hepatopathy, 

IgG4-associated autoimmune hepatitis, primary biliary cirrhosis 
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15.1 Introduction  

  IgG4-related disease (IgG4-RD) and its systemic nature were first described in 

Japan (1-5). IgG4-RD most profoundly affects the pancreas but involves most organs in 

the human body, including the pituitary gland, lacrimal glands, salivary glands, lungs, 

breast, bile duct, aorta, kidney, lymph nodes, retroperitoneum, and prostate. Initial or 

secondary presentation in the liver, skin, peripheral nerves, and gastrointestinal tract has 

also been reported. Infiltrates of numerous IgG4+ plasma cells in affected organs are 

important pathological findings of IgG4-RD. Obliterative phlebitis, storiform-type 

sclerosing fibrosis, and sometimes mass-forming type sclerosing fibrosis in the lung, 

pancreas, and liver are also characteristics of this disease. Regardless of the organ in 

which IgG4-RD develops, elevated serum IgG4 (≥135 mg/dL) and marked efficacy of 

steroid therapy are common characteristics. The prototype IgG4-RD disease is type I 

autoimmune pancreatitis (AIP). IgG4-related sclerosing cholangitis (IgG4-SC) involves 

sclerosing cholangitic lesions that arise as complications of AIP or, rarely, are isolated 

in the biliary tract system. IgG4-SC lesions share the characteristic features of AIP. 

Hepatic presentation of IgG4-RD has also been described in the literature (6-8); whether 

such disease is a primary liver manifestation or simply the extension of IgG4-SC into 

intrahepatic bile ducts is unclear. In this chapter, we summarize the present knowledge 

of IgG4-SC and several inflammatory and neoplastic hepatobiliary diseases 

accompanied by IgG4+ cells. 
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15.2 IgG4-SC 

  IgG4 is a minor immunoglobulin subtype composing 3%–6% of the total IgG 

circulating in adults (1). Systemic IgG4-RD features elevated serum IgG4 levels and 

abundant infiltration with IgG4+ plasma cells in affected organs (1, 9, 10). IgG4-SC can 

be viewed as a manifestation of IgG4-RD in the bile duct. In the differential diagnosis 

of IgG4-SC, primary sclerosing cholangitis (PSC, another prototype of sclerosing 

cholangitis), and cholangiocarcinoma are also clinicopathologically important. Each of 

these diseases requires an appropriate diagnosis and therapy, but their differentiation is 

not always easy. 

IgG4-SC exhibits severe inflammatory cell infiltrates containing abundant 

IgG4-bearing plasma cells and biliary sclerosis as a result of progressive fibrosis within 

the bile duct wall that leads to bile duct stenosis (Fig.1). These diffuse or localized 

sclerotic and stenotic lesions are found in the large bile ducts of the hepatic hilus, 

extrahepatic bile ducts, and, in some cases, the gall bladder. These biliary lesions show 

circumferential wall thickening and are prominent at stenotic sites. Similar 

inflammatory lesions are also common at non-stenotic biliary sites. IgG4-SC cases not 

involving other organs are rare; most cases are associated with AIP, particularly those 

with lesions in the intrapancreatic bile ducts. As with IgG4-RD in other organs, serum 

IgG4 values of IgG4-SC patients are usually elevated to ≥135 mg/dL, and the lesions 

are reversible and responsive to steroid therapy.  
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 Similar to the pancreatic ducts, the extrahepatic bile duct and gallbladder are covered 

by a single layer of epithelium and have peribiliary glands (11). Histologically, bile duct 

lesions in IgG4-SC resemble the inflammatory and sclerosing lesions found in the 

pancreatic duct of AIP. Characteristics of IgG4-SC lesions are as follows: 1) 

inflammation, mainly affecting the bile duct wall (chronic cholangitis) but also 

particularly prominent around peribiliary glands; the biliary epithelium is relatively 

preserved; 2) marked lymphoplasmacytic cell infiltration, fibrosis, and luminal stenosis 

in affected regions of the bile ducts; 3) storiform fibrosis, a characteristic of AIP, is 

observed in IgG4-SC cases with marked fibrosis; 4) numerous IgG4-bearing plasma 

cells, as revealed by immunohistochemical staining; and 5) obliterative phlebitis and 

perineural infiltration of IgG4+ cells (Fig.1). As seen in mass-forming pancreatitis, 

exacerbated inflammation from the hilum to the intrahepatic large bile duct can lead to 

inflammatory pseudotumors in the liver and hepatic hilus. Before the first report of 

IgG4-related AIPby Hamano et al. in 2001 (1), Nonomura et al. had reported in 1997 on 

a case of hepatic hilar inflammatory pseudotumor with cholangitis and phlebitis 

mimicking cholangiocarcinoma (12). We later confirmed that the lesions in this case 

were IgG4-related (Fig.2). At present, 2 types of inflammatory pseudotumors, 

fibrohistiocytic and lymphoplasmacytic, have been proposed. The latter is thought to be 

representative of IgG4-RD (13, 14).  

  As mentioned above, most IgG4-SC cases accompany IgG4-related AIP, but 

rare cases without the involvement of other organs are encountered. IgG4-SC cases 
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without pancreatic lesions are surely present. But whether the presence or absence of 

pancreatic lesions reflects differences in the pathological features of the IgG4 reaction 

in IgG4-SC or merely reflects differences in the pathological phenotype of systemic 

IgG4-RD is unclear. The characteristics of IgG4-SC not associated with pancreatic 

lesions have been described as follows (15, 16): 1) mainly affects middle-aged to 

elderly men; 2) serum IgG4 is normal or only slightly elevated in most cases; 3) cases 

with IgE and soluble IL-2 receptor elevation and antinuclear antibody+ status are 

frequent; 4) affected bile ducts show relatively long and flat narrowing, but peripheral 

bile duct stenosis is mild; and 5) affected bile ducts show marked IgG4+ plasmacytic 

cell infiltration. However, cases of IgG4-SC alone are clinically very hard to 

differentiate from biliary tumor, particularly cholangiocarcinoma. Although the cases of 

isolated IgG4-SC mainly display hilar biliary strictures, isolated intrapancreatic 

IgG4-SC is also reported (16). Of the five cases included in this report, all patients were 

male, with a mean age of 74.2 years. Bile duct wall thickening in lesions without 

luminal stenosis was detected using abdominal computed tomography in all the five 

cases. Interestingly, in three of the cases, serum IgG4 levels were within normal limits. 

The mean serum IgG4 level measured before surgery was 202.1 mg/dL (four cases). 

Isolated intrapancreatic IgG4-SC is difficult to diagnose, particularly if the IgG4 level 

remains normal (15, 17). Diagnostic criteria for IgG4-SC have been proposed by two 

groups in Research on Measures for Intractable Diseases supported by a Health Labour 

Sciences Research Grant in Japan. Characteristic and diagnostically-useful histological 

findings of bile duct tissue specimens include: 1) IgG4+ plasmacytic cell infiltration 
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(≥10/high power field (hpf); IgG4/IgG positive cell ratio of ≥40%); 2) marked 

lymphoplasmacytic cell infiltration and fibrosis, without neutrophil infiltration; 3) 

obliterative phlebitis or swirling fibrosis; and 4) storiform fibrosis. However, 

identification of these characteristics in small biopsy specimens obtained from the 

surface of the bile duct is difficult. Alternatively, the Diagnostic Criteria for AIP (the 

HISORt Criteria) proposed by the Mayo Clinic (18) have been applied to the diagnosis 

of IgG4-SC (19). These criteria emphasize IgG4+ plasmacytic cell infiltration, although 

abundant IgG4+ cell infiltration is important in the histology of IgG4-RD. Because the 

infiltration of IgG4+ cells is of varying degrees in the cases of cholangiocarcinoma 

described, care must be taken not to be overly influenced by diagnostic criteria that 

overemphasize IgG4+ cell infiltration in affected organs. Therefore, no single diagnostic 

criteria should be strictly followed; rather, each individual case should be 

clinicopathologically diagnosed on the basis of its own individual features. 

In the pathogenesis of IgG4-RD including IgG4-SC, the activation of the Th2 

immune response has been confirmed by several studies (20-24). Two regulatory 

cytokines, IL-10 and transforming growth factor-beta, are also significantly 

overexpressed in IgG4-RD (20). IL-10, a regulatory cytokine mainly produced by 

Foxp3+ regulatory T cells (Treg cells), Th2 cells, and IL-10-producing regulatory T 

cells, is thought to induce the differentiation of IgG4+ plasma cells and favor B-cell 

switching to IgG4 in the presence of IL-4 (25-27). In the presence of this cytokine 
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milieu, the induction of IgG4+ cells and fibrous sclerosing lesions could occur in other 

diseases and in coexisting inflammatory lesions in addition to IgG4-RD (28). 

 

15.3 Biliary distribution of IgG4+ cells in IgG4-SC 

 In IgG4-SC, numerous IgG4+ cells are found in the affected regions of bile 

ducts. These cells accompany other characteristic findings such as a predominance of 

IgG4+ cells among IgG+ cells and a unique pattern of sclerosing fibrosis. In addition, 

other regions of the biliary tree are affected. Therefore, biopsies from the Papilla of 

Vater to the peripheral intrahepatic small bile ducts, which are relative easily obtained, 

are useful for diagnosing IgG4-SC.  

Inflammation of the Papilla of Vater (papillitis) is commonly found in several 

inflammatory and neoplastic pancreatiobiliary diseases. Although duodenitis, including 

papillitis, is generally thought to be non-specific in IgG4-SC and AIP, papillitis 

accompanying IgG4+ plasmacytic cell infiltration is speculated to be an evidence of 

IgG4-SC and AIP (Fig.3). Moreover, the IgG4+ cell infiltration found in the papilla of 

Vater in IgG4-SC and AIP is severe compared with that of PSC, pancreatic cancer, and 

bile duct cancer, but the swelling and magnitude of IgG4+ cell infiltration do not 

correlate (29). 
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 Moreover, the site of the biliary tree opposite to the affected bile duct is also 

involved in IgG4-SC. Therefore, a liver needle biopsy obtained from the periphery of 

the liver is also useful for diagnosing IgG-SC and AIP (8). Closed pathological 

examination of partially hepatectomized or autopsied liver specimens reveals an 

infiltration of IgG4+ cells that are continuously and broadly distributed among 

intrahepatic bile ducts; IgG4+ cells are scattered in the small portal tracts containing the 

interlobular and septal bile ducts found in needle liver biopsies (Fig.4). Although 

intrahepatic small bile ducts as well as large bile ducts may be the target organs of 

IgG4-SC, the portal inflammation including IgG4+ cells is thought to result from IgG4+ 

cells spreading along the biliary tree from IgG4-SC lesions in the hepatic hilus. 

 

15.4 IgG4 hepatopathy 

Varying degrees of liver dysfunction are found in 50%–70% of patients with 

IgG4-related AIP (8, 30). Clinicopathological studies reveal an intrahepatic IgG4+ cell 

infiltration of ≥5/hpf in approximately 50% of AIP patients; the degree of infiltration 

correlates with serum IgG4 values (8, 30). A correlation is observed between 

parenchymal inflammation and AST values and between cholestasis and serum bilirubin 

levels. The hepatic lesions observed in AIP patients are known as IgG4-hepatopathy (8). 

Whether the pathogenesis of IgG4-RD, including IgG4-SC, involves an autoimmune 

response, and whether hepatic parenchymal cells such as hepatocytes and 
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cholangiocytes of intrahepatic small bile ducts are target organs of IgG4-RD are 

unknown. However, the serum IgG4 levels and the incidence of IgG4-bearing cells in 

affected organs is higher in patients with IgG4-RD than in patients with other 

autoimmune-mediated liver diseases such as AIH, primary biliary cirrhosis (PBC), and 

PSC (8). On pathological analysis, liver biopsy specimens from patients with AIP reveal 

a marked infiltration of inflammatory cells, including IgG4+ plasma cells, in small 

intrahepatic portal tracts (5, 8, 31). Umemura et al. (8) specifically surveyed the 

histology of liver biopsies from patients with AIP to clarify the pathogenesis of clinical 

liver injury, noting 5 intrahepatic histological patterns: portal inflammation, large bile 

duct damage, portal sclerosis, lobular hepatitis, and cholestasis (Fig.5). Multiple 

histological patterns were found to coexist. The portal inflammation pattern consists of 

an intense infiltration of mononuclear cells containing plasma cells, with or without 

interface hepatitis. If these intrahepatic findings are isolated in the liver without 

IgG4-SC, they are presumed to be a liver manifestation of IgG-RD in AIP patients. In 

contrast, if the histological lesions of IgG4-SC are always present in AIP patients, 

despite the absence of clinical or radiological findings, all intrahepatic findings 

identified in AIP patients can be considered secondary to extrahepatic bile duct damage 

associated with IgG4-SC. Portal inflammation may be involved in IgG4-SC, causing the 

progression of periductal inflammation along the biliary tracts and the smaller tracts 

encountered in needle liver biopsies. Moreover, based on our experience of patients 

with serum IgG4 >1000 mg/dL, interface hepatitis and hepatitis-associated bile duct 

injury are also found, suggesting a correlation between the severity of inflammation in 
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the affected extrahepatic bile ducts and the degree of inflammatory extension along 

intrahepatic bile ducts. The pattern of large bile duct damage is characterized by 

ductular proliferation, neutrophil infiltration, and edematous change in the portal areas. 

These findings are well known to occur secondarily to stenosis and the obstruction of 

extrahepatic bile duct, irrespective of any biliary diseases. The portal sclerosis pattern is 

consistent with dense fibrosis. In general, portal inflammation is scarce in sclerotic 

portal tracts; however, the sclerotic change may be just a remnant of portal 

inflammation after the active inflammation subsides, and/or secondary portal tract 

fibrosis may be associated with sclerosing cholangitis involving the large or 

extrahepatic bile ducts. The lobular hepatitis pattern may resemble that of viral hepatitis. 

Pathology reveals a parenchymal inflammation pattern in conjunction with 

hepatocellular focal necrosis in the parenchyma. Mild parenchymal inflammation is 

observed in a variety of biliary diseases and is thought to be caused by cholestasis as a 

non-specific reactive change. The cholestatic pattern is a canalicular cholestasis found 

predominantly in the centrilobular area and is consistent with extensive stenosis and 

obstruction of the affected extrahepatic bile ducts, including intrapancreatic bile ducts. 

Although the combined findings of parenchymal inflammation (lobular hepatitis) and 

portal inflammation with an interface hepatitis may indicate a primary liver 

manifestation (32), all five pathological findings could be explained as secondary to 

sclerosing cholangitis or obstruction of the extrahepatic biliary tract and may not be 

specifically related to the histopathogenesis of IgG4-RD.  
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The liver-related manifestations of IgG4-RD are heterogeneous and not well 

described within the literature (8, 32, 33). Whether IgG4-hepatopathy is a primary liver 

manifestation of systemic IgG4-RD or an excess of IgG4+ cells along the biliary tract 

due to IgG4-SC is unknown. However, IgG4-hepatopathy is an important finding for 

the diagnosis of IgG4-RD. Diagnosing IgG4-SC in the setting of AIP can be 

accomplished using the diagnostic criteria for AIP. In cases of IgG4-SC without 

pancreatic lesions, the presence or absence of IgG4-hepatopathy may be useful to 

differentiate it from conditions such as PSC and cholangiocarcinoma. 

 

15.5 IgG4-associated autoimmune hepatitis  

  Elevated serum IgG4 levels have been reported in several patients diagnosed with 

AIH (6, 7, 34). IgG4-associated AIH is an identified disease entity characterized by 

definitive AIH according to the International Autoimmune Hepatitis Group (IAIHG) 

scoring system (35) and the histopathological features of IgG4-RD. IgG4-associated de 

novo AIH after liver transplantation has also been reported (36). In a survey of 60 

patients with type 1 AIH, Umemura et al. reported that 2 out of 60 (3.3%) showed 

features suggesting IgG4-RD, with elevated serum IgG4 (≥135 mg/dL) and increased 

IgG4 positive cells in the portal tracts (≥10/hpf); however, liver histology indicated 

chronic active hepatitis accompanied by liver cell rosette formation, indistinguishable 

from classic AIH (7). Bile duct injury and cholestasis found in IgG4-hepatopathy, as 
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mentioned above, were not prominent in these two cases of IgG4-associated AIH (7). 

Additionally, Chung et al. (37) reported in a study of 26 AIH patients that AIH can be 

classified as either IgG4-associated or non–IgG4-associated. IgG4-associated AIH is 

characterized by higher infiltration of CD3+ T cells, CD20+ B cells, CD38+ plasma cells, 

and IgG+ cells as well as IgG4+ cells in the liver. In contrast to classic AIH, these 

IgG4-associated AIH cases showed a marked response to prednisolone therapy, with 

improvements in serum IgG4 values, liver function, and liver histology (6, 36, 37). 

Some patients developed IgG4-SC during follow-up observation, and others had IgG4+ 

cell infiltration in both the liver and the gallbladder (6). The scoring system of the 

International AIH Group has been widely used to diagnose AIH. Simplified criteria 

were adopted in 2008 (38), using parameters including autoantibodies, serum IgG 

values, hepatitis viruses, and pathological hepatic findings of lymphoplasmacytic cell 

infiltration in the portal tracts, interface hepatitis, hepatocytic rosette formation, and 

emperipolesis. On the basis of these simplified criteria, most IgG4-associated AIH cases 

are likely diagnosed as definite AIH. For both AIH diseases, regardless of the presence 

or absence of prominent IgG4+ cells, immunosuppression with steroids is the mainstay 

of therapy. Future studies are needed to determine the significance and importance of 

differentiating between these diseases.  
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15.6 Overlap syndrome of IgG4-SC and PBC 

PBC mainly affects middle-aged females. Histologically, the interlobular bile 

ducts are damaged and show characteristic findings of chronic nonsuppurative 

destructive cholangitis followed by progressive bile duct loss via apoptosis (39-41). 

Serologically, the presence of autoantibodies (antimitochondrial antibody (AMA) and 

anti-M2 antibody) is a specific indicator of PBC. The major proteins recognized by 

AMA are subunits of the 2-oxo acid dehydrogenase complexes, including the E2 

components of the pyruvate dehydrogenase complex (PDC), the 2-oxo-glutarate 

dehydrogenase complex, the branched-chain 2-oxo acid dehydrogenase complex, and 

the E3 binding protein (E3BP or Protein X) (42). The etiopathogenesis of PBC remains 

speculative, but the cross-reaction of human and bacterial PDC-E2 with AMA and 

autoreactive T cells in PBC patients suspects the association of molecular mimicry in 

the pathogenesis of PBC (43-45).  CD4+ helper T cells are essential regulators of 

immune responses and inflammatory diseases. Immunoreactivity to intra- and 

extracellular antigens is primarily regulated by two different types of memory CD4+ 

helper T cells. These Th1 and Th2 cells are principally distinguished by their production 

of different cytokines as well as their ability to induce either cellular (Th1) or humoral 

(Th2) immune reactions. Most studies on the Th1/Th2 balance in liver diseases have 

been based on the profile of cytokines using peripheral blood lymphocytes or liver 

tissues; such studies have classified PBC as a Th1-predominant disease (41, 46-48).  
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Whereas IgG4-SC is associated with systemic IgG4-RD diseases such as AIP, 

PBC is associated with a variety of autoimmune diseases, irrespective of liver 

involvement, such as AIH, Sjogren syndrome, rheumatoid arthritis, and Hashimoto 

thyroiditis. Although seemingly inconsistent, four cases of concurrent IgG4-RD and 

PBC have been reported (49-52). Two of these cases involved PBC and AIP, with 

elevated serum IgG4 and AMA positivity. One of these cases involved IgG4-SC (49, 

50) in a 65-year-old male. In this case, the pathological lesions of PBC and IgG4-SC are 

speculated to affect the intrahepatic small bile ducts and the large bile ducts of the 

hepatic hilus, respectively (50). Moreover, unique overlap cases of isolated IgG4-SC 

without any other IgG4-RD lesions and of PBC have been reported (51, 52). Although 

IgG4-SC and PBC commonly affect older men and middle-aged women, respectively, 

these overlap cases involved a 61- and a 45-year-old man(51, 52). Figure 6 shows the 

case of 61-year-old man.(52)  

With respect to PBC, these patients are not typical, though approximately 15% 

of PBC patients are male (53, 54). Because PBC differs from IgG4-associated AIH as 

described above, the occurrence of PBC is unlikely to be related to IgG4-RD. In 

addition, the cytokine milieu differs between PBC (Th1) and IgG4-RD (Th2) (20, 55, 

56). The concomitance of the two diseases associated with opposing cytokine networks 

is unique. By one interpretation, PBC and IgG4-SC affect bile ducts at different 

anatomical levels; thus, the peripheral intrahepatic small bile ducts (PBC) and 

extrahepatic bile ducts (IgG4-SC) are damaged by different mechanisms. However, Li 
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et al. (50) speculate that according to the systemic nature of AIP and PBC, the 

coexistence of AIP and PBC is not a coincidence. Review of the pathogenesis of both 

diseases reveals several common features, including genetic susceptibility conferred by 

HLA-DQB1 (57, 58), dysregulation of cytotoxic T-lymphocyte antigen-4, T-cell 

mediated pathogenesis (59, 60), and the involvement of B cells associated with 

circulating autoantibodies and infiltration of plasma cells (59, 61-63). The association 

between the pathogenesis of IgG4-RD and PBC has not been further elucidated. 

Successful treatment of concomitant disease requires combination therapy with  

prednisolone for the IgG4-SC and ursodeoxycholic acid for the PBC (51). 

Elevated serum IgG subclasses are associated with numerous autoimmune 

diseases, including primary Sjogren syndrome, systemic sclerosis, systemic lupus 

erythematosus, and PBC (64). Serum IgG1 (IgG1/IgG) and/or IgG3 (IgG3/IgG) are 

significantly increased in these autoimmune diseases, with serum IgG subclass levels 

presenting distinct patterns in different autoimmune diseases. For IgG4-RD, 6.34% of 

patients have serum IgG4 >135 mg/dL, but there are no significant differences in the 

frequency of elevated serum IgG4 levels between patients and healthy controls. We 

should reconsider the pathological significance of increased serum IgG4 levels. Further 

studies of serum IgG subclass distribution will help to elucidate the 

immunopathogenesis of autoimmune diseases, including IgG4-RD (64). 
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15.7 Cholangiocarcinoma with histological IgG4 positivity 

Differentiating between IgG4-SC and cholangiocarcinoma is clinically 

important but very difficult, even with the use of recent modalities. The infiltration of 

IgG4+ cells is very characteristic and useful in the diagnosis of IgG4-RD, but 

histological IgG4 positivity is found in several other inflammatory and neoplastic 

lesions, including PSC (24, 65). Moreover, patients with pancreatic adenocarcinoma 

accompanied by histological IgG4 positivity and/or elevated serum IgG4 levels (66-69) 

and those with pancreatic and biliary cancers arising from IgG4-RD (68, 70, 71) have 

been reported. However, a cause-and-effect relationship between histological IgG4 

positivity and these cancers has not been demonstrated. Our retrospective survey (72) of 

68 surgical specimens from patients with extrahepatic biliary cancers including 

common bile duct cancers, gallbladder cancer, and cancers of the papilla of Vater 

reports that 10 or more IgG4+ cells/hpf were observed in 37% of cases. Cases 

resembling IgG4-RD and having marked infiltration (≥50 IgG4+ cells/hpf) made up 9% 

of the total (Fig.7). In contrast, intrahepatic bile ducts and hepatocellular carcinoma 

mostly lack the prominent IgG4+ cells (unpublished data), although the reason is 

unknown. IgG4+ cells are found within and around the tumor area, predominantly in the 

invasive front of the carcinoma tissue. Therefore, the presence of IgG4+ cells is not a 

histological hallmark of IgG4-RD, and histological IgG4 positivity is speculated to 

occur non-specifically in carcinoma tissues (72). Several cancers involving remarkable 

infiltration of IgG4+ cells (≥50 cells/hpf) are speculated to originate from precedent 
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IgG4-SC, but data collected before the diagnosis of each cancer is needed to 

demonstrate the presence of IgG4-SC. 

Patients with IgG4-SC are generally older men (85%) (19), but this male 

preponderance is not found in histological IgG4 positivity concomitant with 

cholangiocarcinoma according to our survey (72). As a histological characteristic of 

cholangiocarcinoma, irrespective of intra- vs. extrahepatic location, desmoplastic 

change consisting of fibrosis occurs. However, storiform fibrosis and obliterative 

phlebitis, other characteristics of IgG4-RD, are not prominent in cholangiocarcinoma. 

These observations indicate that IgG4-SC and cholangiocarcinoma share features, 

including increased fibrosis and histological IgG4 positivity, but the pathogenetic 

mechanisms underlying these features are speculated to differ.   

The expression of the Th2-type cytokine milieu and IL-10 produced by Treg 

cells is assumed to involve IgG4 class switching and/or the progressive 

proliferation/differentiation of IgG4+ plasma cells (20, 24, 26, 73, 74). The induction of 

IgG4+ cells is directly regulated by IL-10 (25). This known regulatory/inhibitory 

cytokine plays the main role in the inhibition of the general immune reaction and 

possibly in IgG4-RD. The clinicopathological significance of histological IgG4 

positivity in biliary tract cancers is still unknown, but our studies suggest that IgG4 

positivity in cancer reflects the immune escape from cancer immunity (28, 72). In fact, 

the degree of IgG4+ infiltration in biliary tract cancers correlates with the degree of 

CD8+ cytotoxic T cell invasion into cancer cell layers (72). Moreover, patients with 
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IgG4-rich tissues in biliary tract cancers have a poor prognosis compared with those 

having IgG4-poor tissues (72). Because the cancer cells as well as Treg cells produce 

IL-10, the cancer cells themselves take part in the IL10-induced milieu (28).  

In biliary cancers, IgG4+ cells are not only found in cancer nests but are also 

scattered in the non-neoplastic biliary mucosa adjacent to the cancerous mucosa (75, 76). 

As shown in Fig. 8, many IgG4+ cells are found within and peripheral to the invasive 

regions of submucosal layers. A similar IgG4 positivity is prominent in the 

non-neoplastic mucosa around the primary cancer lesion. Although a biopsy of the bile 

duct is the best modality for diagnosing cholangiocarcinoma, such examination is 

unfortunately limited in the superficial biliary mucosa using biopsy specimens. 

Therefore, if a biopsy specimen is obtained from this IgG4-rich, non-neoplastic biliary 

mucosa in patients with increased serum IgG4 levels, the condition could be diagnosed 

as “cholangitis with IgG4+ cells, consistent with IgG4-SC.” Another informative case 

involves that of a 70-year-old male with serum IgG4 of 113 mg/dL, the borderline zone 

for IgG4-RD. Radiologically, IgG4-SC, PSC, and cholangiocarcinoma of the hepatic 

hilus were included in the differential diagnosis. Cytologically, no atypical cells were 

detected in bile specimens. Biopsies of the Ampulla of Vater and liver revealed 

infiltration of numerous IgG4+ cells (Fig.9), consistent with IgG4-SC. However, the 

biopsy of the stenotic biliary region indicated the presence of adenocarcinoma 

(cholangiocarcinoma) (Fig.9). The bile duct biopsy from the stenotic region is the 

cornerstone of differential diagnosis; the pathological diagnosis of cancer is very easy in 
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appropriate specimens. This case emphasizes the importance of using appropriate 

specimens for pathological diagnosis and understanding the distribution of IgG4+ cells 

in cholangiocarcinoma. That is, histological IgG4 positivity is not only localized in and 

around the primary cancer but also broadly distributed into the distal and proximal 

regions of the biliary tree. Although few in number, cholangiocarcinoma cases arising 

from preceding IgG4-SC have been reported (68, 70, 71); in addition, the precursor 

lesions of cholangiocarcinoma (BilIN lesions) are often encountered in IgG4-SC 

(Fig.10) (77). Therefore, in practice, it is impossible to completely exclude the 

possibility of cholangiocarcinoma in the diagnosis of IgG4-SC. Elevated serum IgG4 

values are an important finding when diagnosing AIP and IgG4-SC, but are not 

sufficient to definitively diagnose IgG4-RD. Rather, a danger lurks that IgG4-RD may 

be diagnosed or excluded too readily, and serum IgG4 values should not be regarded as 

more than an adjuvant diagnostic clue.  

 

15.8 Concluding remarks 

IgG4-RD is a systemic disease that affects most organs. Most patients 

synchronously or metachronously suffer from multiple organ involvement. AIP is the 

prototype of IgG4-RD, and extrahepatic biliary tracts, including the gall bladder, are 

also surely a manifestation of IgG4-RD. However, whether intrahepatic small bile ducts 

and hepatocytes are direct targets in IgG4-RD is unknown. Moreover, an increase in 
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IgG4+ cells is highly sensitive but not highly specific for IgG4-DR. In contrast, several 

cases of IgG4-RD with low serum IgG4 levels and/or scant IgG4+ cell infiltration in 

target organs have also been reported. Although IgG4-related lesions present numerous 

oddities, further studies will surely resolve these challenges by accumulating more cases 

and experience. 

  



Harada -22- 
 

REFERENCES 

 

1. Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu T, Fukushima 

M, et al. High serum IgG4 concentrations in patients with sclerosing pancreatitis. N 

Engl J Med 2001;344:732-738. 

2. Umehara H, Okazaki K, Masaki Y, Kawano M, Yamamoto M, Saeki T, Matsui 

S, et al. Comprehensive diagnostic criteria for IgG4-related disease (IgG4-RD), 2011. 

Mod Rheumatol 2012;22:21-30. 

3. Stone JH, Zen Y, Deshpande V. IgG4-related disease. N Engl J Med 

2012;366:539-551. 

4. Kamisawa T, Zen Y, Pillai S, Stone JH. IgG4-related disease. Lancet 

2015;385:1460-1471. 

5. Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K, Okamoto A, 

et al. A new clinicopathological entity of IgG4-related autoimmune disease. J 

Gastroenterol 2003;38:982-984. 

6. Umemura T, Zen Y, Hamano H, Ichijo T, Kawa S, Nakanuma Y, Kiyosawa K. 

IgG4 associated autoimmune hepatitis: a differential diagnosis for classical autoimmune 

hepatitis. Gut 2007;56:1471-1472. 



Harada -23- 
 

7. Umemura T, Zen Y, Hamano H, Joshita S, Ichijo T, Yoshizawa K, Kiyosawa K, 

et al. Clinical significance of immunoglobulin G4-associated autoimmune hepatitis. J 

Gastroenterol 2011;46 Suppl 1:48-55. 

8. Umemura T, Zen Y, Hamano H, Kawa S, Nakanuma Y, Kiyosawa K. 

Immunoglobin G4-hepatopathy: association of immunoglobin G4-bearing plasma cells 

in liver with autoimmune pancreatitis. Hepatology 2007;46:463-471. 

9. Hamano H, Kawa S, Ochi Y, Unno H, Shiba N, Wajiki M, Nakazawa K, et al. 

Hydronephrosis associated with retroperitoneal fibrosis and sclerosing pancreatitis. 

Lancet 2002;359:1403-1404. 

10. Zen Y, Nakanuma Y. IgG4-related disease: a cross-sectional study of 114 cases. 

Am J Surg Pathol 2010;34:1812-1819. 

11. Nakanuma Y. A novel approach to biliary tract pathology based on similarities 

to pancreatic counterparts: is the biliary tract an incomplete pancreas? Pathol Int 

2010;60:419-429. 

12. Nonomura A, Minato H, Shimizu K, Kadoya M, Matsui O. Hepatic hilar 

inflammatory pseudotumor mimicking cholangiocarcinoma with cholangitis and 

phlebitis--a variant of primary sclerosing cholangitis? Pathol Res Pract 

1997;193:519-525; discussion 526. 

13. Zen Y, Fujii T, Sato Y, Masuda S, Nakanuma Y. Pathological classification of 



Harada -24- 
 

hepatic inflammatory pseudotumor with respect to IgG4-related disease. Mod Pathol 

2007;20:884-894. 

14. Ahn KS, Kang KJ, Kim YH, Lim TJ, Jung HR, Kang YN, Kwon JH. 

Inflammatory pseudotumors mimicking intrahepatic cholangiocarcinoma of the liver; 

IgG4-positivity and its clinical significance. J Hepatobiliary Pancreat Sci 

2012;19:405-412. 

15. Hamano H, Kawa S, Uehara T, Ochi Y, Takayama M, Komatsu K, Muraki T, et 

al. Immunoglobulin G4-related lymphoplasmacytic sclerosing cholangitis that mimics 

infiltrating hilar cholangiocarcinoma: part of a spectrum of autoimmune pancreatitis? 

Gastrointest Endosc 2005;62:152-157. 

16. Nakazawa T, Ikeda Y, Kawaguchi Y, Kitagawa H, Takada H, Takeda Y, Makino 

I, et al. Isolated intrapancreatic IgG4-related sclerosing cholangitis. World J 

Gastroenterol 2015;21:1334-1343. 

17. Hayashi K, Nakazawa T, Ohara H, Ando T, Takada H, Tanaka H, Sasaki M, et 

al. Autoimmune sclerosing cholangiopancreatitis with little pancreatic involvements by 

imaging findings. Hepatogastroenterology 2007;54:2146-2151. 

18. Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N, Zhang L, Clain JE, 

et al. Diagnosis of autoimmune pancreatitis: the Mayo Clinic experience. Clin 

Gastroenterol Hepatol 2006;4:1010-1016; quiz 1934. 



Harada -25- 
 

19. Ghazale A, Chari ST, Zhang L, Smyrk TC, Takahashi N, Levy MJ, Topazian 

MD, et al. Immunoglobulin G4-associated cholangitis: clinical profile and response to 

therapy. Gastroenterology 2008;134:706-715. 

20. Zen Y, Fujii T, Harada K, Kawano M, Yamada K, Takahira M, Nakanuma Y. 

Th2 and regulatory immune reactions are increased in immunoglobin G4-related 

sclerosing pancreatitis and cholangitis. Hepatology 2007;45:1538-1546. 

21. Akitake R, Watanabe T, Zaima C, Uza N, Ida H, Tada S, Nishida N, et al. 

Possible involvement of T helper type 2 responses to Toll-like receptor ligands in 

IgG4-related sclerosing disease. Gut 2010;59:542-545. 

22. Suzuki K, Tamaru J, Okuyama A, Kameda H, Amano K, Nagasawa H, Nishi E, 

et al. IgG4-positive multi-organ lymphoproliferative syndrome manifesting as chronic 

symmetrical sclerosing dacryo-sialadenitis with subsequent secondary portal 

hypertension and remarkable IgG4-linked IL-4 elevation. Rheumatology (Oxford) 

2010;49:1789-1791. 

23. Miyake K, Moriyama M, Aizawa K, Nagano S, Inoue Y, Sadanaga A, 

Nakashima H, et al. Peripheral CD4+ T cells showing a Th2 phenotype in a patient with 

Mikulicz's disease associated with lymphadenopathy and pleural effusion. Mod 

Rheumatol 2008;18:86-90. 

24. Koyabu M, Uchida K, Miyoshi H, Sakaguchi Y, Fukui T, Ikeda H, Takaoka M, 



Harada -26- 
 

et al. Analysis of regulatory T cells and IgG4-positive plasma cells among patients of 

IgG4-related sclerosing cholangitis and autoimmune liver diseases. J Gastroenterol 

2010;45:732-741. 

25. Robinson DS, Larche M, Durham SR. Tregs and allergic disease. J Clin Invest 

2004;114:1389-1397. 

26. Jeannin P, Lecoanet S, Delneste Y, Gauchat JF, Bonnefoy JY. IgE versus IgG4 

production can be differentially regulated by IL-10. J Immunol 1998;160:3555-3561. 

27. Koyabu M, Uchida K, Fukata N, Kusuda T, Ikeura T, Sakaguchi Y, Yoshida K, 

et al. Primary sclerosing cholangitis with elevated serum IgG4 levels and/or infiltration 

of abundant IgG4-positive plasma cells. J Gastroenterol 2010;45:122-129. 

28. Harada K, Shimoda S, Kimura Y, Sato Y, Ikeda H, Igarashi S, Ren XS, et al. 

Significance of immunoglobulin G4 (IgG4)-positive cells in extrahepatic 

cholangiocarcinoma: molecular mechanism of IgG4 reaction in cancer tissue. 

Hepatology 2012;56:157-164. 

29. Kawakami H, Zen Y, Kuwatani M, Eto K, Haba S, Yamato H, Shinada K, et al. 

IgG4-related sclerosing cholangitis and autoimmune pancreatitis: histological 

assessment of biopsies from Vater's ampulla and the bile duct. J Gastroenterol Hepatol 

2010;25:1648-1655. 

30. Kawa S, Hamano H, Kiyosawa K. Pancreatitis. St.Louis: Elsevier, 2006. 



Harada -27- 
 

31. Hirano K, Shiratori Y, Komatsu Y, Yamamoto N, Sasahira N, Toda N, Isayama 

H, et al. Involvement of the biliary system in autoimmune pancreatitis: a follow-up 

study. Clin Gastroenterol Hepatol 2003;1:453-464. 

32. Joshi D, Webster GJ. Letter: IgG4-hepatopathy and IgG4-associated 

autoimmune hepatitis--authors' reply. Aliment Pharmacol Ther 2015;41:327. 

33. Perricone G. Hepatic involvement in IgG4-related disease: IgG4-hepatopathy 

and IgG4-autoimmune hepatitis. Autoimmun Rev 2015;14:268. 

34. Umemura T, Zen Y, Nakanuma Y, Kiyosawa K. Another case of autoimmune 

hepatitis. Hepatology 2010;52:389-390. 

35. Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, 

Chapman RW, et al. International Autoimmune Hepatitis Group Report: review of 

criteria for diagnosis of autoimmune hepatitis. J Hepatol 1999;31:929-938. 

36. Zhao XY, Rakhda MI, Wang TI, Jia JD. Immunoglobulin G4-associated de 

novo autoimmune hepatitis after liver transplantation for chronic hepatitis B- and 

C-related cirrhosis and hepatocellular carcinoma: a case report with literature review. 

Transplant Proc 2013;45:824-827. 

37. Chung H, Watanabe T, Kudo M, Maenishi O, Wakatsuki Y, Chiba T. 

Identification and characterization of IgG4-associated autoimmune hepatitis. Liver Int 

2010;30:222-231. 



Harada -28- 
 

38. Hennes EM, Zeniya M, Czaja AJ, Pares A, Dalekos GN, Krawitt EL, 

Bittencourt PL, et al. Simplified criteria for the diagnosis of autoimmune hepatitis. 

Hepatology 2008;48:169-176. 

39. Nakanuma Y, Ohta G. Histometric and serial section observations of the 

intrahepatic bile ducts in primary biliary cirrhosis. Gastroenterology 

1979;76:1326-1332. 

40. Kaplan MM, Gershwin ME. Primary biliary cirrhosis. N Engl J Med 

2005;353:1261-1273. 

41. Harada K, Ozaki S, Gershwin ME, Nakanuma Y. Enhanced apoptosis relates to 

bile duct loss in primary biliary cirrhosis. Hepatology 1997;26:1399-1405. 

42. Gershwin ME, Mackay IR, Sturgess A, Coppel RL. Identification and 

specificity of a cDNA encoding the 70 kd mitochondrial antigen recognized in primary 

biliary cirrhosis. J Immunol 1987;138:3525-3531. 

43. Shimoda S, Nakamura M, Ishibashi H, Hayashida K, Niho Y. HLA DRB4 

0101-restricted immunodominant T cell autoepitope of pyruvate dehydrogenase 

complex in primary biliary cirrhosis: evidence of molecular mimicry in human 

autoimmune diseases. J Exp Med 1995;181:1835-1845. 

44. Kita H, Lian ZX, Van de Water J, He XS, Matsumura S, Kaplan M, Luketic V, 

et al. Identification of HLA-A2-restricted CD8(+) cytotoxic T cell responses in primary 



Harada -29- 
 

biliary cirrhosis: T cell activation is augmented by immune complexes cross-presented 

by dendritic cells. J Exp Med 2002;195:113-123. 

45. Shimoda S, Ishikawa F, Kamihira T, Komori A, Niiro H, Baba E, Harada K, et 

al. Autoreactive T-cell responses in primary biliary cirrhosis are proinflammatory 

whereas those of controls are regulatory. Gastroenterology 2006;131:606-618. 

46. Dienes HP, Lohse AW, Gerken G, Schirmacher P, Gallati H, Lohr HF, Meyer 

zum Buschenfelde KH. Bile duct epithelia as target cells in primary biliary cirrhosis and 

primary sclerosing cholangitis. Virchows Arch 1997;431:119-124. 

47. Harada K, Isse K, Kamihira T, Shimoda S, Nakanuma Y. Th1 cytokine-induced 

downregulation of PPARgamma in human biliary cells relates to cholangitis in primary 

biliary cirrhosis. Hepatology 2005;41:1329-1338. 

48. Bertoletti A, D'Elios MM, Boni C, De Carli M, Zignego AL, Durazzo M, 

Missale G, et al. Different cytokine profiles of intraphepatic T cells in chronic hepatitis 

B and hepatitis C virus infections. Gastroenterology 1997;112:193-199. 

49. Wiegand J, Neid M, Kaiser T, Wittekind C, Mossner J, Tillmann HL, Schiefke I. 

Coexistence of autoimmune pancreatitis and primary biliary cirrhosis in a Caucasian 

patient - a rare cause of cholestasis. Z Gastroenterol 2006;44:1227-1229. 

50. Li A, Wang Y, Deng Z. Concurrent autoimmune pancreatitis and primary 

biliary cirrhosis: a rare case report and literature review. BMC Gastroenterol 



Harada -30- 
 

2014;14:10. 

51. Naitoh I, Nakazawa T, Hayashi K, Miyabe K, Shimizu S, Kondo H, Yoshida M, 

et al. A case of IgG4-related sclerosing cholangitis overlapped with primary biliary 

cirrhosis. Intern Med 2012;51:1695-1699. 

52. Takemoto R, Miyake Y, Harada K, Nakanuma Y, Moriya A, Ando M, Hirohata 

M, et al. Overlap of IgG4-related sclerosing cholangitis and primary biliary cirrhosis. 

Intern Med 2014;53:1429-1433. 

53. Harada K, Hirohara J, Ueno Y, Nakano T, Kakuda Y, Tsubouchi H, Ichida T, et 

al. Incidence of and risk factors for hepatocellular carcinoma in primary biliary 

cirrhosis: national data from Japan. Hepatology 2013;57:1942-1949. 

54. Harada K, Nakanuma Y. Prevalence and risk factors of hepatocellular 

carcinoma in Japanese patients with primary biliary cirrhosis. Hepatol Res 

2014;44:133-140. 

55. Harada K, Van de Water J, Leung PS, Coppel RL, Nakanuma Y, Gershwin ME. 

In situ nucleic acid hybridization of pyruvate dehydrogenase complex-E2 in primary 

biliary cirrhosis: pyruvate dehydrogenase complex-E2 messenger RNA is expressed in 

hepatocytes but not in biliary epithelium. Hepatology 1997;25:27-32. 

56. Harada K, Tsuneyama K, Yasoshima M, Kanemori Y, Ohta H, Masuda S, Onai 

N, et al. Type1 and type2 memory T cells imbalance shown by expression of 



Harada -31- 
 

intrahepatic chemokine receptors relates to pathogenesis of primary biliary cirrhosis. 

Hepatol Res 2002;24:290-299. 

57. Hirschfield GM, Liu X, Xu C, Lu Y, Xie G, Lu Y, Gu X, et al. Primary biliary 

cirrhosis associated with HLA, IL12A, and IL12RB2 variants. N Engl J Med 

2009;360:2544-2555. 

58. Kawa S, Ota M, Yoshizawa K, Horiuchi A, Hamano H, Ochi Y, Nakayama K, 

et al. HLA DRB10405-DQB10401 haplotype is associated with autoimmune 

pancreatitis in the Japanese population. Gastroenterology 2002;122:1264-1269. 

59. Hart PA, Zen Y, Chari ST. Recent Advances in Autoimmune Pancreatitis. 

Gastroenterology 2015;149:39-51. 

60. Poupon R. Primary biliary cirrhosis: a 2010 update. J Hepatol 

2010;52:745-758. 

61. Myers RP, Swain MG, Lee SS, Shaheen AA, Burak KW. B-cell depletion with 

rituximab in patients with primary biliary cirrhosis refractory to ursodeoxycholic acid. 

Am J Gastroenterol 2013;108:933-941. 

62. Imam MH, Talwalkar JA, Lindor KD. Clinical management of autoimmune 

biliary diseases. J Autoimmun 2013;46:88-96. 

63. Takahashi T, Miura T, Nakamura J, Yamada S, Miura T, Yanagi M, Matsuda Y, 



Harada -32- 
 

et al. Plasma cells and the chronic nonsuppurative destructive cholangitis of primary 

biliary cirrhosis. Hepatology 2012;55:846-855. 

64. Zhang L, Lewis JT, Abraham SC, Smyrk TC, Leung S, Chari ST, Poterucha JJ, 

et al. IgG4+ plasma cell infiltrates in liver explants with primary sclerosing cholangitis. 

Am J Surg Pathol 2010;34:88-94. 

65. Deshpande V, Sainani NI, Chung RT, Pratt DS, Mentha G, Rubbia-Brandt L, 

Lauwers GY. IgG4-associated cholangitis: a comparative histological and 

immunophenotypic study with primary sclerosing cholangitis on liver biopsy material. 

Mod Pathol 2009;22:1287-1295. 

66. Raina A, Krasinskas AM, Greer JB, Lamb J, Fink E, Moser AJ, Zeh HJ, 3rd, et 

al. Serum immunoglobulin G fraction 4 levels in pancreatic cancer: elevations not 

associated with autoimmune pancreatitis. Arch Pathol Lab Med 2008;132:48-53. 

67. Ghazale A, Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N, Clain 

JE, et al. Value of serum IgG4 in the diagnosis of autoimmune pancreatitis and in 

distinguishing it from pancreatic cancer. Am J Gastroenterol 2007;102:1646-1653. 

68. Kamisawa T, Chen PY, Tu Y, Nakajima H, Egawa N, Tsuruta K, Okamoto A, et 

al. Pancreatic cancer with a high serum IgG4 concentration. World J Gastroenterol 

2006;12:6225-6228. 

69. Dhall D, Suriawinata AA, Tang LH, Shia J, Klimstra DS. Use of 



Harada -33- 
 

immunohistochemistry for IgG4 in the distinction of autoimmune pancreatitis from 

peritumoral pancreatitis. Hum Pathol 2010;41:643-652. 

70. Motosugi U, Ichikawa T, Yamaguchi H, Nakazawa T, Katoh R, Itakura J, Fujii 

H, et al. Small invasive ductal adenocarcinoma of the pancreas associated with 

lymphoplasmacytic sclerosing pancreatitis. Pathol Int 2009;59:744-747. 

71. Oh HC, Kim JG, Kim JW, Lee KS, Kim MK, Chi KC, Kim YS, et al. Early bile 

duct cancer in a background of sclerosing cholangitis and autoimmune pancreatitis. 

Intern Med 2008;47:2025-2028. 

72. Kimura Y, Harada K, Nakanuma Y. Pathologic significance of immunoglobulin 

G4-positive plasma cells in extrahepatic cholangiocarcinoma. Hum Pathol 

2012;43:2149-2156. 

73. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock 

LK, Staple SQ, et al. Grass pollen immunotherapy induces mucosal and peripheral 

IL-10 responses and blocking IgG activity. J Immunol 2004;172:3252-3259. 

74. Okazaki K, Uchida K, Fukui T. Recent advances in autoimmune pancreatitis: 

concept, diagnosis, and pathogenesis. J Gastroenterol 2008;43:409-418. 

75. Harada K, Nakanuma Y. Cholangiocarcinoma with respect to IgG4 Reaction. 

Int J Hepatol 2014;2014:803876. 



Harada -34- 
 

76. Resheq YJ, Quaas A, von Renteln D, Schramm C, Lohse AW, Luth S. 

Infiltration of peritumoural but tumour-free parenchyma with IgG4-positive plasma 

cells in hilar cholangiocarcinoma and pancreatic adenocarcinoma. Dig Liver Dis 

2013;45:859-865. 

77. Ohtani H, Ishida H, Ito Y, Yamaguchi T, Koizumi M. Autoimmune pancreatitis 

and biliary intraepithelial neoplasia of the common bile duct: a case with diagnostically 

challenging but pathogenetically significant association. Pathol Int 2011;61:481-485. 

 

  



Harada -35- 
 

FIGURE LEGENDS 

 

Figure 1. Representative IgG4-related sclerosing cholangitis (IgG4-SC) associated with 

autoimmune pancreatitis (AIP). A and B: Macroscopic and semi-macroscopic findings, 

respectively. Arrows and arrowheads denote the stenotic bile duct and pancreatic duct 

with wall thickening, respectively. C: Inflammation and edema are found in the 

fibrous-thickened wall and are particularly prominent around the peribiliary gland 

(arrows). The mucosa is relatively preserved, with scant inflammation. D: Higher 

magnification of inflammatory area. Many scattered plasma cells and eosinophils are 

seen. E: Immunohistochemistry for IgG4. Abundant positive plasma cells are seen. F: 

Storiform fibrosis and perineural inflammation (arrow) are prominent.  

  

Figure 2. Inflammatory pseudotumor with many IgG4+ liver cells. A: Semi-macroscopic 

findings. Fibrous nodule (arrow) is seen. B: Nodule consists of typical storiform fibrosis 

and inflammation. C: Chronic cholangitis in adjacent portal tract.  

 

Figure 3. Inflammation of Papilla of Vater (papillitis) in IgG4-related sclerosing 

cholangitis (IgG4-SC) associated with autoimmune pancreatitis (AIP). A: Inflammation 

is prominent, but differentiating between non-specific and IgG4-related papillitis is 
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difficult. B: Immunohistochemistry for IgG4 reveals the presence of many IgG4+ cells 

and IgG4 deposition in the stroma and on epithelial cells.  

 

Figure 4. Autopsied live specimens of systemic IgG4-related disease with IgG4-related 

sclerosing cholangitis. A: In subcapsular area of liver, mild to moderately inflamed 

portal tracts (arrows) are seen. B: Portal tract is mildly sclerotic and a minor scattering 

of inflammatory cells is seen. C: Immunohistochemistry for IgG4. Many positive cells 

are found within portal tracts.  

 

Figure 5. Representative findings of IgG4-hepatopathy. A: Prominent portal 

inflammation with interface hepatitis (arrow). B: Inflamed portal tracts contain many 

IgG4+ cells. Immunohistochemistry for IgG4. C: Lobular hepatitis. Some focal necroses 

are found (arrows). D: Canalicular cholestasis. Bile plugs are found in dilated bile 

canaliculi (arrows). 

 

Figure 6. Overlap syndrome of IgG4-related sclerosing cholangitis and primary biliary 

cirrhosis (PBC) in a 61-year-old man. A: In inflamed portal tracts, moderate 

inflammatory cell infiltrate, and chronic, nonsuppurative destructive cholangitis 

(CNSDC, arrow) are seen. B: Immunohistochemistry for IgG4. Many positive cells are 
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seen. Their distribution is mainly in the peripheral portal tract, but scant cells are 

located around CNSDC.  

 

Figure 7. Extrahepatic cholangiocarcinoma. A: Primary carcinoma nest consists of 

adenocarcinoma with abundant inflammatory cells. B: Immunohistochemistry for IgG4 

reveals the presence of many IgG4+ cells within cancer nests.  

 

Figure 8. Gall bladder cancer. A: Section adjacent to the primary cancer area, but a 

cancer nest (T) invades the subserosal layer with marked inflammatory cells. 

Non-neoplastic surface mucosa (M) also accompanies inflammation. B and C: 

Immunohistochemistry for IgG4. In the cancerous region (B) and the non-neoplastic 

superficial mucosa (C), many IgG4+ cells are intermixed with inflammatory infiltrate. 

 

Figure 9. Cholangiocarcinoma of the hepatic hilus accompanying IgG4 positivity in the 

Ampulla of Vater and peripheral liver. A. Biopsy of the Ampulla of Vater. 

Immunohistochemistry for IgG4 demonstrates the presence of several positive cells 

within papillitis. B and C: Liver needle biopsy. Mild portal inflammation (B) and 

several IgG4+ cells (C) are found in peripheral small portal tracts. D: Biopsy from the 
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stenotic large bile duct in the hepatic hilus. Well- (arrow) and poorly (arrowhead) 

differentiated adenocarcinomas (cholangiocarcinoma) are present.  

 

Figure 10. IgG4-related sclerosing cholangitis affecting the common bile duct. A: 

Biliary intraepithelial neoplasia (BilIN) is found in the preserved biliary epithelium 

(arrows). B: Immunohistochemistry for IgG4. Several positive cells are scattered.  
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