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Abstract

Background IgG4-related sclerosing cholangitis (IgG4-

SC) needs to be differentiated from primary sclerosing

cholangitis (PSC). In this study, we performed a retro-

spective study to reveal cases in which liver needle biopsy

was useful for differential diagnosis.

Methods Nineteen patients with IgG4-SC and 22 patients

with PSC were studied. All patients underwent endoscopic

retrograde cholangiography and liver needle biopsy. We

defined small bile duct involvement of IgG4-SC histolog-

ically as damage to the small bile duct associated with

infiltration of C10 IgG4? plasma cells per high power field

(HPF). Clinicopathological characteristics were compared

between IgG4-SC patients with and without small bile duct

involvement.

Results Small bile duct involvement was observed in 5

(26%) of the patients with IgG4-SC. Patients with small

bile duct involvement showed a higher incidence of intra-

hepatic biliary strictures on cholangiography (80 vs. 21%,

p = 0.038). Conversely, 4 of 7 (57%) patients with

intrahepatic biliary strictures on cholangiography had his-

tologically evident small duct involvement. The number of

IgG4? plasma cells was significantly correlated with the

site of the most proximal stricture on cholangiograms

(p = 0.021). The number of IgG4? plasma cells per HPF

was significantly higher in IgG4-SC patients with intra-

hepatic biliary strictures than in those with PSC (13.4 vs.

0.4 cells/HPF, p \ 0.001).

Conclusions Involvement of small bile ducts is more

frequent in patients with intrahepatic biliary strictures on

cholangiography, and liver needle biopsy is especially

useful for these patients.
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Introduction

IgG4-related sclerosing cholangitis (IgG4-SC) is a recently

recognized disease entity characterized by high serum

IgG4 concentrations, a high prevalence in adults, respon-

siveness to steroid, and histologically evident sclerosing

inflammation involving numerous IgG4? plasma cells [1,

2]. IgG4-SC is considered to be a biliary manifestation of

IgG4-related systemic disease [3]. It is usually associated

with autoimmune pancreatitis (AIP) and rarely manifests as

cholangitis alone [4, 5]. It is important to differentiate

IgG4-SC from primary sclerosing cholangitis (PSC), for

which only liver transplantation is an effective treatment.

Serological examination of IgG4, cholangiography, and the

presence of extra-biliary lesions are useful for differential

diagnosis, but histological detection of IgG4? plasma cell

infiltration is also recommended [6–9]. Endoscopic biopsy
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of the Vater ampulla or bile ducts, and liver needle biopsy

have been reported as potentially informative procedures,

but they cannot reveal IgG4? plasma cells in all patients

[10–13]. Thus, it is important to reveal cases in which

needle biopsy was useful for differential diagnosis.

IgG4-SC usually involves the extra- and intra-hepatic

large bile ducts [1, 2]. Inflammation containing IgG4?

plasma cells rarely extends to the peripheral portal tracts

and tends to involve small bile ducts, for which liver needle

biopsy would be useful for detecting IgG4? plasma cells.

IgG4-related small duct lesions in a liver needle biopsy

sample can be diagnostic because such lesions have not

been reported in other biliary disorders [12, 13]. Cholan-

giography can also occasionally reveal strictures in the

intrahepatic bile ducts as well as the large bile ducts,

showing a PSC-like overall appearance [7]. It seems

important to know the clinical characteristics of patients

with histological small bile duct involvement, because such

patients need to be carefully differentiated from PSC, and

in this situation liver needle biopsy would be diagnostic.

In the present study, we retrospectively examined liver

needle biopsy specimens from patients with IgG4-SC, and

investigated the correlation between histologically evident

small bile duct involvement and clinical/cholangiogram

characteristics. Our goal was to reveal cases in which liver

needle biopsy was especially useful for the diagnosis of

IgG4-SC.

Patients and methods

Patients

This study involved 19 patients with IgG4-SC diagnosed at

Nagoya City University Hospital and affiliated hospitals

between 1990 and 2009. The study was approved by the

Institutional Human Investigation Committee of Nagoya

City University Graduate School of Medical Sciences, and

informed consent was obtained from all patients. IgG4-SC

was associated with AIP in 18 patients, and was not in 1

patient. The diagnosis of AIP was made on the basis of the

revised Japanese diagnostic criteria [14] or Asian diag-

nostic criteria [15]. The patient without AIP fulfilled the

HISORt criteria for IgG4-associated cholangitis [1]. Extra-

pancreatobiliary lesions were observed in 11 (58%)

patients. Eight patients (44%) showed relapse during the

clinical course. Twenty-two patients with PSC who

underwent liver biopsy were enrolled as a control group.

PSC was diagnosed according to the diagnostic criteria

reported by Lindor et al. [16]. The average age of patients

with IgG4-SC and PSC was 65 (range 44–73) and

38 (12–67) years, and the male/female ratio was 15/4 and

9/13, respectively.

Laboratory findings

Alanine aminotransferase, aspartate aminotransferase, total

bilirubin, c-glutamyl transpeptidase, and alkaline phos-

phatase were measured in all patients. IgG levels were

measured in all patients except 2 (1 patient each with IgG4-

SC and PSC). Serum IgG4 levels were measured in 13

(68%) patients with IgG4-SC, and were found to be ele-

vated in 11 (85%) of them (normal range B135 mg/dl;

average 628 mg/dl; range 60–2960 mg/dl). Thirteen (59%)

patients with PSC also underwent serological examination

of IgG4, and all of them were within the normal range

(average 33 mg/dl; range 7–110 mg/dl). The laboratory

findings of patients with IgG4-SC are summarized in

Table 1.

Histology and immunohistochemistry

All patients underwent liver needle biopsy. Liver biopsies

were taken by percutaneous sampling of the right lobe with

a 14-gauge needle before administration of corticosteroid.

The biopsy specimens were fixed in neutral formalin and

embedded in paraffin. Serial 3-lm-thick sections were cut

from paraffin-embedded tissue blocks, stained with hema-

toxylin and eosin (H&E) and Azan-Mallory, and immu-

nostained with mouse anti-human IgG4 monoclonal

antibody (MC011, dilution 1:100; The Binding Site Ltd.,

Birmingham, UK) using an automated immunostainer

(DISCOVERY HX, Ventana, Ventana Medical Systems,

Tucson, AZ). The following 10 histological features were

evaluated: (1) portal inflammation (1?, mild; 2?, moder-

ate; 3? severe); (2) bile duct damage (-, absent; ?,

present); (3) canalicular cholestasis (-, absent; ?, present);

(4) bile duct loss (-, absent; ?, present); (5) periductal

onion-skin (concentric) fibrosis (-, absent; ?, present);

(6) eosinophil infiltration [-, 0–4 cells/high power field

(HPF 9400) in the portal area; ?, C5 cells/HPF]; (7)

plasma cell infiltration (-, 0–9 cells/HPF in the portal

area; ?, C10 cells/HPF); (8) neutrophil infiltration (-,

0–4 cells/HPF in the portal area; ?, C5 cells/HPF); (9)

portal inflammatory nodules [13] (-, absent; ?, present);

(10) central venulitis (-, absent; ?, present); and (11)

lobular hepatitis (-, 0–2 spotty necrosis/HPF; ?, C3 spotty

necrosis/HPF). The number of IgG4? plasma cells was

evaluated as the average count of positive plasma cells in 3

HPFs. Mild portal inflammation was defined as the pres-

ence of a few inflammatory cells in the portal tracts, and

severe portal inflammation meant inflammatory expansion

of the portal tracts with occasional lymphoid aggregation.

Moderate portal inflammation was considered to be inter-

mediate between them. Bile duct damage was considered

to be present when bile ducts showed disturbance of epi-

thelial polarity, narrowing of the bile duct lumen, angulated
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tubular structure, or eosinophilic cytoplasmic change.

Central venulitis was defined as inflammatory cell infil-

tration into the walls of central veins.

Surgical specimens of IgG4-related disease including

IgG4-SC usually show 50–200 IgG4? plasma cells per

HPF, but previous reports suggested that the presence of

C10 IgG4? plasma cells in biopsy samples is highly

suggestive of IgG4-related disease [17]. In this study, we

defined small bile duct involvement of IgG4-SC as the

presence of bile duct damage associated with C10 IgG4?

plasma cells per HPF. All biopsy specimens were evaluated

by an experienced pathologist (YZ) blinded to the other

data.

Cholangiography

Endoscopic retrograde cholangiography (ERC) was per-

formed in all 19 patients with IgG4-SC. In this study, we

defined hilar bile ducts as hepatic ducts (common, right,

and left) and their first branches. The bile ducts proximal

to the hilar duct were considered intrahepatic bile duct.

Common bile ducts were classified into those proximal

(extrapancreatic) and distal (intrapancreatic) to the

superior border of the pancreas. Cholangiographic find-

ings were classified according to our previous report:

type 1, localized stricture only in the distal common bile

duct; type 2, presence of stricture involving intrahepatic

bile ducts; type 3, localized stricture in both hilar and

distal common bile ducts; type 4, stricture in only hilar

ducts [18]. The cholangiograms were analyzed by two

experts (IN, TN) who were unaware of the other clinical

data.

Statistical analysis

Clinical data for the patients are expressed as mean (SD).

The chi-square test and Fisher’s exact test for categorical

comparisons of data were used for comparison of histo-

logical features as appropriate. Mann-Whitney U test or

Kruskal-Wallis was used for comparison of the numbers of

IgG4-positive plasma cells. Differences at p \ 0.05 were

considered significant.

Table 1 Clinical data of IgG4-SC patients with or without small bile duct involvement

Case Age Sex IgG4

(mg/dl)

IgG

(mg/dl)

ALT

(IU/l)

AST

(IU/l)

GGT

(IU/l)

ALP

(IU/l)

T-Bil

(mg/dl)

Cholangiogram

Patients with small bile duct involvement

1 73 M 170 2597 78 79 600 2326 1.1 Type 2

2 59 M 550 3820 19 21 134 377 0.5 Type 2

3 71 M 2960 5041 63 58 731 2348 0.2 Type 2

4 45 M 968 3785 42 54 231 876 0.6 Type 2

5 63 M 380 1473 209 160 2789 2837 15.3 Type 3

Average 62 All male 1006 3343 82 74 897 1753 3.5 Type 2 in 80%*

Patients without small bile duct involvement

6 67 F NA NA 261 240 666 2088 7.4 Type 1

7 67 M 184 1331 191 81 495 1575 10.3 Type 1

8 50 M 60 1249 369 161 457 113 3.2 Type 1

9 72 M 92 1516 608 708 580 972 3.8 Type 1

10 68 M NA 1880 1034 595 867 2766 22.1 Type 2

11 73 M NA 2342 28 55 300 852 11.8 Type 2

12 61 M NA 3840 143 198 940 1613 28.8 Type 2

13 66 M NA 2001 145 107 590 457 3.0 Type 3

14 73 M 280 3730 29 69 116 488 3.7 Type 3

15 73 F 450 3730 45 38 128 532 0.5 Type 3

16 69 F 1400 3207 33 37 23 188 0.2 Type 3

17 70 M NA 3730 59 69 169 1835 4.1 Type 4

18 62 M 470 2960 85 56 477 728 1.3 Type 4

19 44 F 203 2012 64 47 217 834 0.4 Type 4

Average 65 Male 71% 392 2579 208 221 430 1146 7.2 Type 2 in 21%

ALT alanine aminotransferase, AST aspartate aminotransferase, T-Bil total bilirubin, GGT c-glutamyl transpeptidase, ALP alkaline phosphatise,

NA not available

* p \ 0.05 between patients with and without small bile duct involvement
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Results

Cholangiography

The cholangiograms of the 19 patients with IgG4-SC were

classified into 4 types: 4 (21%) cases of type 1, 7 (37%) of

type 2, 5 (26%) of type 3, and 3 (16%) of type 4 (Fig. 1).

The stricture was observed in the intrahepatic bile ducts in

7 (37%) patients, hilar ducts in 10 (53%), proximal com-

mon bile duct in 1 (5%), and distal common bile duct in 11

(58%). Eight (42%) patients had multifocal biliary stric-

tures. All PSC patients showed type 2 cholangiograms,

comprising 19 (90%) patients with both intra- and extra-

hepatic strictures and 3 (10%) with intrahepatic strictures

only.

Histological findings of liver biopsy

Histological findings of liver needle biopsies are summa-

rized in Table 2. Small bile duct involvement was observed

in 5 (26%) patients with IgG4-SC (Fig. 2a), in whom the

number of IgG4? plasma cells per HPF ranged from 14 to

25 (average 21) (Fig. 2b), and was significantly higher than

that in 14 patients without small bile duct involvement

(number of IgG4? cells/HPF, range 0–6, average 2)

(p \ 0.001). Comparison of other histological findings

between those two groups revealed that patients with small

duct involvement more frequently showed moderate to

severe portal inflammation (p = 0.002), bile duct damage

(p = 0.017), plasma cell infiltration (C10 cells/HPF,

p \ 0.001), and neutrophil infiltration (C5 cells/HPF,

p = 0.037) (Table 2; Figs. 2, 3). Central venulitis and

portal inflammatory nodules were observed in only one

patient each, both with small bile duct involvement

(Fig. 2c, d). Onion-skin periductal fibrosis, a characteristic

finding of PSC, was observed in 2 IgG4-SC patients

without small duct involvement (Fig. 3b). Histological

diagnosis was possible for patients with small bile duct

involvement, but patients without this feature could not be

differentiated from PSC by histology alone.

Fig. 1 Classification of

cholangiography of patients

with IgG4-related sclerosing

cholangitis

Table 2 Comparison of histological findings on liver needle biopsy

PSC (n = 22) IgG4-related sclerosing cholangitis (IgG4-SC) p value�

Total

(n = 19)

With SBDI

(n = 5)

Without SBDI

(n = 14)

Portal inflammation ([moderate) 5 (23%) 7 (37%) 5 (100%)* 2 (14%) 0.002

Bile duct damage 8 (36%) 6 (32%) 4 (80%) 2 (14%) 0.017

Canalicular cholestasis 1 (5%) 6 (32%)* 0 6 (43%)* 0.111

Bile duct loss 4 (18%) 0 0 0 0.643

Onion-skin fibrosis 3 (14%) 2 (11%) 0 2 (14%) 0.532

Eosinophil infiltration (C5/HPF) 3 (14%) 4 (21%) 2 (40%) 2 (14%) 0.272

Plasma cell infiltration (C10/HPF) 1 (5%) 5 (26%) 5 (100%)* 0 <0.001

Neutrophil infiltration (C5/HPF) 4 (18%) 4 (21%) 3 (60%) 1 (7%) 0.037

Portal inflammatory nodule 0 1 (5%) 1 (20%) 0 0.263

Central venulitis 0 1 (5%) 1 (20%) 0 0.263

Lobular hepatitis 7 (32%) 10 (53%) 2 (40%) 8 (57%) 0.444

IgG4-positive plasma cells (number/HPF) 0.4 7.2* 21.2* 2.3* 0.001

Significant differences were p \ 0.05 (bold values)

SBDI small bile duct involvement

* p \ 0.05 vs. PSC
� Value between IgG4-SC patients with and without SBDI
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A more significant difference was identified between

PSC and IgG4-SC with small duct involvement than

between PSC and IgG4-SC without small duct involvement

(Table 2). Patients with small duct involvement more fre-

quently showed moderate to severe portal inflammation

(p = 0.007) and plasma cell infiltration (C10 cells/HPF,

p \ 0.001) than those with PSC. In contrast, canalicular

cholestasis was more commonly observed in patients

without small duct involvement than in patients with PSC

(p = 0.016) (Fig. 3c).

Clinical characteristics of patients with small duct

involvement

Table 1 compares the clinical features between patients with

and without small bile duct involvement. Patients with small

bile duct involvement more commonly showed type 2 chol-

angiograms. That is, cholangiography revealed intrahepatic

biliary stricture in 4 of 5 (80%) patients, whereas 3 of 14

(21%) patients without histological small duct lesions showed

abnormalities of the intrahepatic bile ducts (p = 0.038). The

levels of serum IgG and IgG4 were slightly higher in the

group with small duct involvement, but the difference was not

significant (p = 0.092 and p = 0.094, respectively). There

were no significant differences in terms of laboratory data,

incidence of extrapancreatobiliary lesions, and relapse.

Comparison between findings of liver biopsy

and cholangiography

The most proximal area of stricture was the intrahepatic

bile duct in patients with type 2 cholangiogram (n = 7),

Fig. 2 Liver needle biopsy

findings of patients with small

bile duct involvement. a The

portal tract is enlarged with

moderate inflammatory cell

infiltration and bile duct

damage. b Immunostaining of

IgG4 reveals IgG4? plasma cell

infiltration. c Portal

inflammatory nodule consisting

of spindle-shaped stromal cells

and inflammatory cells is

identified (arrows).

d Inflammatory cells infiltrate

into the wall of central vein

(arrows). a H&E 9200,

b IgG4 immunostaining 9400,

c H&E 9200, d H&E 9200

Fig. 3 Liver needle biopsy

findings of patients without

small bile duct involvement.

a Portal inflammation is mild

without evident bile duct

damage. b Periductal onion-skin

fibrosis is observed. c There are

bile casts in bile canaliculi.

a H&E 9400, b H&E 9200,

c H&E 9400
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the hilar bile duct in types 3 and 4 (n = 8), and the

intrapancreatic bile duct in type 1 (n = 4). As shown in

Fig. 4, the number of IgG4? plasma cells was significantly

correlated with the site of the most proximal stricture.

Significant IgG4? cell infiltration (C10 cells/HPF) was

observed in 4 (57%) of the 7 type 2 cases, whereas only 1

(8%) of the 12 cases with a non-type 2 cholangiogram had

this histological diagnostic feature. Interestingly, all

patients with a type 1 cholangiogram showed only mild to

minimal portal inflammation without any IgG4? plasma

cells.

Discussion

The present study revealed that small bile duct involve-

ment, defined as the presence of bile duct damage associ-

ated with C10 IgG4? plasma cells per HPF, was evident in

5 (26%) patients with IgG4-SC. Patients with small bile

duct involvement more commonly showed strictures of

the intrahepatic bile ducts on cholangiography (80 vs.

21%, p = 0.038). Thus, liver needle biopsy is especially

useful for patients with intrahepatic biliary strictures on

cholangiography.

It is a critical issue to differentiate IgG4-SC and PSC,

because the therapeutic approaches for each are completely

different from the other. IgG4-SC is effectively treatable

with corticosteroids, whereas only liver transplantation is

an effective therapy for PSC. In the clinical field, this

differential diagnosis is made on the basis of clinical fea-

tures, serological examination, and radiological findings

[6–8]. We have reported previously that characteristic

cholangiographic features are useful for discriminating

IgG4-SC from PSC [7]. There is no doubt that the serum

IgG4 level is the most useful parameter for differential

diagnosis [1]. Needle biopsy samples from the liver or

pancreas, and endoscopic biopsy samples from the Vater

ampulla or common bile duct, are suggested to be

potentially informative. However, none of them alone is

unequivocally diagnostic, and more importantly the use-

fulness of each biopsy in individual cases cannot be

predicted.

We have reported that endoscopic transpapillary bile

duct biopsy was unsatisfactory for the diagnosis of IgG4-

SC, with a sensitivity of only 18% (3/17) [11]. In contrast, a

recent study by Zhang et al. [19] revealed that 23 (23%) of

98 liver explants with PSC showed periductal infiltration

with abundant IgG4? plasma cells ([10/HPF) in the hilar

area, suggesting that IgG4? plasma cells may be detectable

by bile duct biopsy in PSC patients. However, their study

showed that no increased IgG4? plasma cells were

observed in portal tracts and liver parenchyma adjacent to

large bile duct. These results suggested that liver needle

biopsy might be more useful than bile duct biopsy in dif-

ferentiating IgG4-SC from PSC. The present study sug-

gested that liver needle biopsy is especially useful for

patients with evident intrahepatic biliary stricture on chol-

angiograms. This seems important, because IgG4-SC

becomes more difficult to differentiate from PSC when

intrahepatic bile duct strictures are radiologically identified.

There have been two previous studies of liver needle

biopsy samples taken from patients with IgG4-SC [12, 13].

Umemura et al. [12] clearly showed the usefulness of IgG4

immunostaining of liver needle biopsy samples for diag-

nosis of IgG4-SC and its differential diagnosis from PSC.

More importantly, they demonstrated a variety of intrahe-

patic histological changes in patients with AIP or IgG4-SC

under the concept of IgG4 hepatopathy. Deshpande et al.

[13] reported detailed histological differences in liver

pathology between IgG4-SC and PSC. They concluded that

IgG4-SC showed more significant inflammatory changes in

both the portal tracts and liver parenchyma, and also

revealed that portal inflammatory nodules are a histological

finding characteristic of IgG4-SC. In the present study, one

patient showed phlebitis in a relatively large central vein

(central venulitis), which might be another specific feature

of IgG4-SC, because this has not been reported in PSC.

Taken together, the data suggest that only three histological

features of liver biopsy specimens are specific for IgG4-

SC: (1) the presence of many infiltrating IgG4? plasma

cells, (2) portal inflammatory nodules, and (3) central ve-

nulitis. In contrast, the only specific feature for PSC is bile

duct loss, which was not identified in any of the IgG4-SC

patients in the present and two previous studies. Periductal

onion-skin fibrosis has been considered characteristic for

PSC, although it can also be observed in IgG4-SC. We

should always consider the possibility of false-negative

results by liver needle biopsy specimens because the dis-

tribution of small bile duct involvement is patchy.

Another important issue is how many IgG4? plasma

cells are sufficient for diagnosis. In the HISORt criteria,

Fig. 4 Correlation between the number of IgG4-positive plasma cells

and cholangiography
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involvement of other organs by AIP is diagnosed by biopsy

based on a threshold of C10 IgG4? plasma cells per HPF

[17]. We agree to apply this idea for liver needle biopsy,

because other hepatobiliary disorders rarely exhibit occa-

sional positive cells (\10 positive cells/HPF) in peripheral

portal tracts, and the presence of C10 IgG4? plasma cells

per HPF is extremely rare in our experience. In the present

study, the sensitivity and specificity of this threshold for the

diagnosis of IgG4-SC were 26 and 100%, respectively. If

this threshold had been applied to the previous two studies

by Umemura et al. [12] and Deshpande et al. [13], the

sensitivities would have been 21 and 60%, respectively.

Although this diagnostic sensitivity is insufficient, it would

have increased to 57% if restricted to patients with intra-

hepatic biliary stricture on cholangiograms. In the present

study, there were no correlations between serum IgG4

concentrations and the number of IgG4? plasma cells.

Umemura et al. [12] reported that a highly significant

association was found between serum IgG4 concentrations

and the number of IgG4? plasma cells. Their results were

thus different from ours. Various results concerning cor-

relations between serum IgG4 concentrations and the

number of IgG4? plasma cells have been reported in other

organ specimens with AIP patients.

Before starting this study, we expected that some patients

with IgG4-SC might show small duct involvement despite

having a normal intrahepatic/hilar cholangiogram, as is the

case for small-duct PSC. However, all the patients with small

duct involvement showed cholangiographic abnormalities in

either the hilar or intrahepatic bile ducts. The common bile

duct, especially its distal part, is commonly affected by AIP.

It should be noted that patients with only intrapancreatic

stricture on cholangiograms did not show IgG4? plasma cell

infiltration into the peripheral portal tracts, suggesting that

liver needle biopsy is less useful for such patients. Another

point of interest was that patients without small bile duct

involvement more frequently showed canalicular cholestasis

presumably induced by severe stricture of the large bile

ducts, in comparison with PSC. Canalicular cholestasis may

be one of the features suggestive of IgG4-SC in this situation.

However, it should be noted that IgG4-SC patients with

localized large duct strictures must be differentiated more

carefully from pancreatobiliary cancer rather than from PSC.

We consider that canalicular cholestasis is not useful for such

differential diagnosis.

In conclusion, small bile duct involvement of IgG4-SC

is observed more frequently in patients with intrahepatic

biliary strictures on cholangiography, and liver needle

biopsy is especially useful for the diagnosis of IgG4-SC in

such patients.
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