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Abstract
Introduction: IgG4-related disease was first defined in autoimmune pancreatitis but is known to affect other organs,
including the biliary tree and liver. The aim of this study was to assess IgG4-positive plasma cells in a spectrum of chronic
liver diseases.
Materials and methods: A retrospective search was performed for liver specimens of various clinically-confirmed chronic
liver diseases. A chart review was performed. H&E, trichrome, and IgG4 slides were reviewed. The numbers of total and
IgG4-positive plasma cells were quantified. The consensus ratio of > 40% IgG4-positive:total plasma cells and > 10 IgG4plasma cells per high power field (HPF) were the thresholds used to define a significant increase.
Results: Three IgG4-related disease, 19 primary biliary cirrhosis, 18 primary sclerosing cholangitis, 22 autoimmune
hepatitis, 25 chronic hepatitis C, and 1 secondary sclerosing cholangitis of unknown etiology cases were identified. A
significantly elevated cutoff ratio was seen in only one IgG4-related disease and one case with unknown etiology. Two
chronic hepatitis C cases had an elevated cutoff ratio but overall low numbers of plasma cells (< 1 IgG4-positive plasma
cells per HPF). The sensitivity and specificity of the > 40% IgG4-positive:total plasma cells ratio were 33.3% and 96.5%,
respectively. The sensitivity and specificity of the > 10 IgG4-positive plasma cells per HPF were both 100%.
Discussion: Elevated IgG4-positive plasma cells on liver biopsy are not completely specific for IgG4-related disease and
a cutoff ratio of > 40% IgG4-positive:total plasma cells has low sensitivity. Liver biopsies with a prominent plasma cell
infiltrate warrant IgG4 immunohistochemistry to help evaluate IgG4-related disease; however, a lower threshold of IgG4positive plasma cells may indicate a significant increase.
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Introduction
Immunoglobulin G4-related disease (IgG4RD) is a
systemic immune-mediated disease characterized by elevated serum IgG4 concentration and tissue infiltration by
IgG4positive plasma cells [1-4]. Although IgG4RD was
first defined in the pancreas, this entity has now been reported in nearly every organ system of the body [2,3,5].
Within the biliary tree and liver, IgG4RD is a known
cause of sclerosing cholangitis, biliary strictures, sclerosing cholecystitis, gallbladder nodules and thickening, and
inflammatory pseudotumors of the liver [4-6]. Among
patients with systemic IgG4RD, 19.5% have biliary tree or

gallbladder involvement and 4% have liver involvement.
IgG4-related sclerosing cholangitis is strongly associated
with IgG4-related pancreatitis, with 83% of patients with
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cholangitis also having pancreatitis [5]. Diagnostic criteria
for IgG4RD include characteristic clinical manifestations,
elevated serum IgG4 concentrations, and histopathologic
changes such as infiltration of IgG4+ plasma cells [4,7].
The 2012 consensus guidelines for the histopathologic cutoffs for IgG4RD in any organ are an IgG4+:IgG+
plasma cell ratio > 40% and > 10 IgG4+ plasma cells per
high power field (HPF). To date, no organ specific data
for IgG4-related sclerosing cholangitis exists [8]. However, histologic features suggestive of IgG4-related sclerosing disease include a dense lymphoplasmacytic infiltrate,
storiform fibrosis, and obliterative phlebitis [4]. There are
numerous published studies on the topic of IgG4 response
in primary sclerosing cholangitis (PSC), but less so in
other autoimmune related liver diseases such as primary
biliary cirrhosis (PBC) and autoimmune hepatitis (AIH)
[9-13]. Also, these studies did not apply the 2012 cutoff
guidelines for the diagnosis of IgG4RD. The aim of this
study was to assess the presence of IgG4+ plasma cells in a
spectrum of chronic liver diseases utilizing the 2012 diagnostic guidelines for IgG4RD.

Materials and Methods
A retrospective search of the Duke University Hospi-

tal (Durham, NC) laboratory information system from
January 1, 2000 to January 31, 2007 was performed for
cases of clinically confirmed PBC and AIH as well as up
to 25 cases of clinically confirmed chronic hepatitis C
(HCV). Additionally, a retrospective search from January 1, 2000 to June 30, 2015 for cases of clinically confirmed PSC was performed. All except one of the cases
of PSC were diagnosed clinically and confirmed with
radiologic imaging. The exception is one case for which
the underlying clinical etiology of liver disease remained
unknown but the diagnosis of PSC was suspected on liver histopathology. Additionally, a retrospective search
from January 1, 2004 to June 30, 2016 for cases of clinically confirmed IgG4-related sclerosing cholangitis was
performed. During this search a biopsy with pathology
results concerning for IgG4RD in a patient with cholangiocarcinoma was identified and omitted from this study.
A chart review was performed, and relevant clinical
information and laboratory data were recorded. Liver
function tests (LFTs) and immune serologies, including
serum IgG4 levels, were also recorded when applicable.
The reference range for serum IgG4 level was 2.4 to 121.0
mg/dL. Liver biopsy specimens were fixed in 10% neu-

Table 1: Demographic and histopathologic features of all needle core biopsies.

Total no. of cases
Age at biopsy (years, avg/range)
Male:Female
No. positive ANA titer cases/no.
cases performed1
No. positive ASMA titer cases/no.
cases performed1
No. positive AMA titer cases/no.
cases performed1
AST (avg; U/L)
ALT (avg; U/L)
Alkaline phosphatase (avg; U/L)
Total bilirubin (avg; mg/dL)
Serum IgG concentration (avg/
range)2
Serum IgG4 concentration (avg/
range)3
Clinical history of pancreatitis
Plasma cells/5 HPF (avg/range)
IgG4+ plasma cells/5 HPF (avg/
range)
IgG4+ plasma cells:total plasma
cells (%)
Eosinophils/5 HPF (avg/range)

IgG4RD

PBC

PSC

AIH

HCV

3
51/32-62
2:1
1/1 (100%)

19
53/30-74
1:18
11/16 (69%)

18
36/11-61
7:11
9/14 (64%)

22
43/7-73
9:13
21/22 (95%)

Unknown
etiology
25
1
48/23-67 53
14:11
1:0
3/3 (100%) N/A

0/1 (0%)

0/10 (0%)

0/10 (0%)

17/19 (89%)

0/2 (0%)

0/1 (0%)

N/A

17/19 (89%)

0/6 (0%)

1/13 (8%)

0/1 (0%)

0/1 (0%)

136.7
125.0
516.0
3.9
2587/1420-4730

73.3
95.2
258.4
0.8
1256/1030-1510

112.9
144.8
519.3
1.5
1432/845-2360

405.5
457.5
189.0
4.7
3323/1240-6060

49.8
60.2
89.6
0.5
N/A

80.0
62.0
143.0
6.0
N/A

65/14.2-125

N/A

N/A

N/A

N/A

N/A

1 (33%)
269/140-376
101/80-127

N/A
73/5-289
0.3/0-2

N/A
10/0-38
0.4/0-6

N/A
131/19-345
8/0-29

N/A
16/2-44
0.5/0-3

N/A
48
24

43%/27-69%

1%/0-7%

0.2%/0-16%

5%/0-16%

6%/0-50% 52%

51/7-130

23/5-120

3/0-11

13/1-29

12/1-28

55

ANA, AMA, AMSA considered positive if titer ≥ 1:160; Reference range of serum IgG concentration 588-1573 mg/dL; Reference
range of serum IgG4 concentration 2.4-121.0 mg/dL.

1

2

3

AIH: Autoimmune Hepatitis; ALT: Alanine Transaminase; AMA: Anti-Mitochondrial Antibody; ANA: Anti-Nuclear Antibody; ASMA:
Anti-Smooth Muscle Antibody; AST: Aspartate Transaminase; GGT: Gamma-Glutamyl Transferase; HCV: Chronic Hepatitis C;
HPF: High Power Field; IgG: Immunoglobulin G; PBC: Primary Biliary Cirrhosis; PSC: Primary Sclerosing Cholangitis.
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tral buffered formalin, paraffin embedded, and 5-micron
thick sections were taken. Immunohistochemistry (IHC)
using monoclonal IgG4 antibody (Life Technologies/Invitrogen, Cell Marque MRQ-44, 1:200) was performed
on all of the collected cases. Hematoxylin & eosin (H&E),
trichrome, and IgG4 IHC slides were reviewed by two
pathologists, blind to the clinical information. The features of the inflammatory infiltrate for each biopsy were
recorded including the nature, location, and intensity of
the inflammation as well as the stage of fibrosis and the
presence or absence of storiform fibrosis. The presence or
absence of venulitis and obliterative phlebitis were also
recorded. In the areas of highest cellularity, the number
of plasma cells, IgG4+ plasma cells, and eosinophils were
counted in 5 HPFs. For this study, a HPF was defined as
a 40X field (field of view 0.55 mm). A cutoff ratio of >
40% IgG4+:total plasma cell ratio and > 10 IgG4+ plasma
cells per HPF were used to define a significant increase in
IgG4+ plasma cells, similar to the 2012 consensus guidelines for the histopathologic cutoffs for IgG4RD in any
organ of > 40% IgG4+:IgG+ plasma cells [8]. Each of the
core biopsies was also graded by the pathologists: HCV
and AIH cases were graded and staged using the Batts
and Ludwig scale [14]. PSC cases were graded and staged
using the Ishak scale for PSC [15]. PBC cases were graded and staged using the Ludwig scale for PBC [16].
Table 2: Histopathologic features of needle core biopsies with
an elevated IgG+:total plasma cells ratio1.
Clinical diagnosis
Plasma cells/5 HPF
(average)
IgG4+ plasma cells/5 HPF
(average)
IgG4+ plasma cells:total
plasma cells
Eosinophils/5 HPF (average)

IgG4RD

Unknown
HCV HPV
etiology

140

48

2

7

97

25

1

3

69%

52%

50% 43%

7

55

14

19

Significant increase was defined as ≥ 40%. HCV: Chronic
Hepatitis C; HPF: High Power Field; IgG: Immunoglobulin G;
IgG4RD; Immunoglobulin G4-related disease.

1

Results
Needle core biopsies were available for 3 IgG4RD, 19
PBC, 22 AIH, 18 PSC, 25 HCV, and 1 secondary sclerosing cholangitis of unknown etiology cases (Table 1). A
significantly elevated (> 40%) cutoff ratio was seen in 1
IgG4RD, 1 secondary sclerosing cholangitis of unknown
etiology, and 2 HCV cases (Table 2). A significantly elevated (> 10) number of IgG4+ plasma cells per HPF was
only seen in the 3 IgG4RD cases. Only one IgG4RD case
was equivocal for storiform fibrosis with all other cases
negative and there were no cases that demonstrated obliterative phlebitis.
Out of 3 IgG4RD cases, one (33%) case had an IgG4+:total plasma cell ratio of 69% with 28.0 plasma cells
per HPF and 19.4 IgG4+ plasma cells per HPF (Figure 1).
The liver biopsy also demonstrated abundant secretion
of IgG4 into the surrounding soft tissues. Chart review
revealed a 53-year-old male with a history of cirrhosis
initially diagnosed as PSC. Serum IgG4 levels were not
elevated at the time of his liver biopsy (14.2 mg/dL). A
year prior to his liver biopsy the patient had bone marrow and lymph node biopsies performed which showed
polyclonal plasma cell infiltrates with IgG4 staining seen
in the bone marrow (significant, but limited by high
background staining) and lymph node (nearly 100%
IgG4+:IgG+ ratio in plasma cells). At one point he was
treated with high dose steroids for thrombocytopenia,
which resulted in significant improvement in his LFTs.
Upon future follow up 4 years after the initial liver biopsy, the patient was overall stable with his chronic liver
disease aside from some jaundice after a surgical procedure and was maintained on low dose prednisone for his
IgG4RD.
The remaining two IgG4RD cases both had significant
numbers (> 10 per HPF) of IgG4+ plasma cells (16.0 and
25.4 per HPF) but with ratios less than the cutoff (27% and
34%), likely due to the high numbers of total plasma cells

Figure 1: Photomicrographs of IgG4-related sclerosing cholangitis case with 69% IgG4+:total plasma cells demonstrating
plasma cell rich infiltrate with clusters of IgG4+ plasma cells (arrows) and involved bile ducts (asterisks) with abundant secretion
of IgG4 into the surrounding soft tissues (A: H&E, 4x; B: H&E, 20x; C: IgG4 IHC, 20x).
Detweiler et al. J Cardiothorac Surg Ther 2017, 1(1):1-6
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Figure 2: Photomicrographs of secondary sclerosing cholangitis of unknown etiology case with 52% IgG4+:total plasma cells
showing scattered IgG4+ plasma cells (arrows) and involved bile ducts (asterisks) (A: H&E, 4x; B: H&E, 20x; C: IgG4 IHC, 20x).

(58.4 and 75.2 per HPF). Chart review of the first case (ratio
of 27%) revealed a 62-year-old male with cholestatic liver
disease which significantly improved with steroid therapy,
which with his histology findings, was consistent with IgG4RD. Additionally, his serum IgG4 levels were mildly elevated at 125 mg/dL (reference range 2.4-121.0 mg/dL). At
his last follow up 4 years after the initial biopsy he was doing
well on intermittent steroid therapy. The second IgG4RD
case (ratio of 34%) was a 32-year-old female with a history of
elevated LFTs, recurrent pancreatitis, and abnormal biliary
tree changes on CT scan. She underwent a partial hepatectomy for intrahepatic stones and biliary obstruction. Serum
IgG4 levels were not elevated (54.3 mg/dL). Unfortunately,
the patient was lost to follow up soon after her surgery.
One case which was ultimately classified as secondary
sclerosing cholangitis of unknown etiology had an elevated
ratio of 52% with 9.6 plasma cells per HPF and 5.0 IgG4+
plasma cells per HPF, thus reaching the ratio threshold (>
40%) but not the total IgG4+ plasma cell threshold (> 10 per
HPF) (Figure 2). This case was a 53-year-old male originally diagnosed with PSC presenting with jaundice and biliary
strictures on imaging. Clinical follow up 13 years after the
initial liver biopsy the patient had symptom and imaging
abnormality resolution without steroid treatment, bringing
into doubt the initial diagnosis of PSC.
Two out of 25 (8%) HCV cases had an elevated ratio:
50% with 0.4 plasma cells per HPF and 0.2 IgG4+ plasma
cells per HPF and 43% with 1.4 plasma cells per HPF and
0.6 IgG4+ plasma cells per HPF. While these meet the
cutoff ratio threshold of > 40%, they are far below the
total IgG4+ plasma cell count threshold (> 10 per HPF)
and the elevated ratio can be attributed to the overall low
number of total plasma cells. None of the PSC, PBC, or
AIH cases had an elevated IgG4+:total plasma cell ratio.

Discussion
IgG4-related sclerosing cholangitis is a type of secondary sclerosing cholangitis associated with autoimmune pancreatitis [2,5,6,9,17]. The major clinical differDetweiler et al. J Cardiothorac Surg Ther 2017, 1(1):1-6

ential diagnoses of IgG4RD in the biliary tree and liver
are PSC, pancreatic cancer, cholangiocarcinoma, and hepatocellular carcinoma [2]. While malignant neoplastic
processes do not typically mimic IgG4RD on histology,
inflammatory processes can as both are characterized by
a mononuclear inflammatory infiltrate, including plasma
cells. The 2012 consensus guidelines for the histopathologic cutoffs for IgG4RD in any organ are an IgG4+:IgG+
plasma cell ratio > 40% and > 10 IgG4+ plasma cells per
HPF [8]. Although there is no organ specific data in the
liver regarding IgG4RD, we used comparable cutoffs
when evaluating our study cases (> 40% IgG4+:total
plasma cell ratio and > 10 IgG4+ plasma cells per HPF).
A limitation of these thresholds is that liver specimens
are complicated by the presence of other chronic inflammatory liver disorders, thus the aim of our study was to
assess the presence of IgG4+ plasma cells in a spectrum
of chronic liver diseases utilizing the 2012 diagnostic
guidelines for IgG4RD.
In our study, we gathered cases of IgG4RD, PSC,
PBC, and AIH as representative autoimmune related
chronic liver diseases. Incidentally, a case of PSC was
recategorized as secondary sclerosing cholangitis of unknown etiology after chart review. The non-autoimmune
control of HCV cases were selected to demonstrate that
an increase in IgG4+ plasma cells present was not simply
due to a non-specific inflammatory response.
Only one of the three IgG4RD cases met both the IgG4+:total plasma cell ratio (69%) and IgG4+ plasma cells
per HPF thresholds (19.4 per HPF). While the other two
cases had increased IgG4+ plasma cells, they had many
IgG4 negative plasma cells as well resulting in a lower IgG4+:total plasma cell ratio (27% and 34%). This calls into
question the diagnostic sensitivity and negative predictive value of the guideline thresholds. Potentially a lower
IgG4+:total plasma cell ratio, closer to 25%, is significant
and may indicate IgG4RD as a cause of cholangitis. Of
the cases with < 40% IgG+:total plasma cell ratios, 2 of
2 (100%) IgG4RD, 1 of 22 (5%) AIH, 0 of 23 (0%) HCV,
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0 of 19 (0%) PBC, and 0 of 18 (0%) PSC cases had an
IgG+:total plasma cell ratio > 25%. One IgG4RD case
had a ratio of 27% and 16.0 IgG4+ plasma cells per HPF.
Chart review revealed a patient with cholangitis that
improved with steroid therapy. The other IgG4RD case
had a ratio of 34% and 25.4 IgG4+ plasma cells per HPF.
This patient had cholangitis and recurrent pancreatitis,
though she was lost to follow up so therapy response is
unknown. We think that despite not meeting guideline
thresholds for IgG4+:total plasma cells that both of these
patients represent true IgG4-related sclerosing cholangitis, thus demonstrating the need for a potentially lower
threshold. However, the authors recognize the overall
low number of IgG4RD cases as a limitation of the study.
IgG4-related sclerosing cholangitis and PSC are indistinguishable clinically, serologically, and radiographically [2,3,9,12]. The most vital clinical implication of this
differential diagnosis is that IgG4-related sclerosing cholangitis is responsive to steroid therapy while PSC is not
[2,6,9,18]. Treatment options for PSC are ursodeoxycholic acid or obeticholic acid for management of cholestasis
and hepatic transplantation in the setting of end stage
liver disease [19]. Both present clinically as chronic
cholestatic liver disease with obstructive jaundice and
abnormal LFTs [6,19]. Both show multifocal strictures
and dilatations involving both the intrahepatic and extrahepatic biliary trees on cholangiography [2,9,19]. In a
study by Mendes, et al. 9% of PSC cases (defined using a
combination of characteristic clinical, radiographic, and
histologic findings) showed an elevated serum IgG4 level, most of which did not show increased IgG4+ plasma
cells on biopsy [12]. Thus, serum IgG4 concentrations
do not definitively differentiate the two entities. Consequently, histopathology is a helpful tool to differentiate
between IgG4-related sclerosing cholangitis and PSC as
their patterns of inflammation and liver damage differ.
IgG4-related sclerosing cholangitis shows transmural
and portal fibrosis, storiform fibrosis, dense periportal
and periluminal lymphoplasmacytic inflammation with
increased IgG4+ plasma cells, and obliterative phlebitis
[2-4,6,9]. PSC shows concentric periductal fibrosis (‘onion skin’ fibrosis), lymphocytic inflammation, and ductal erosion with neutrophilic inflammation [6,9]. IHC
for IgG4 is another helpful tool in the differentiation of
IgG4-related sclerosing cholangitis and PSC in that a
highly elevated IgG4+ plasma cell level would support
IgG4RD over PSC. In our study we had one case initially
diagnosed as PSC with an elevated IgG4+:total plasma
cell ratio (52%) but a below threshold IgG4+ plasma cell
count (5 per HPF). Upon clinical follow up 13 years after
his original liver biopsy, the patient showed resolution
of his symptoms and imaging abnormalities without steroid treatment. We feel these findings are not consistent
with PSC nor are they classic for IgG4RD, thus we have
Detweiler et al. J Cardiothorac Surg Ther 2017, 1(1):1-6

designated it as a case of secondary sclerosing cholangitis
of unknown etiology for the purpose of this study. Conversely, although untreated IgG4RD often progresses to
extensive fibrosis some manifestations of the disease may
remain stable over time and do not require immediate
treatment [20]. This case may then represent an unusual
presentation of IgG4RD without progression.
Interestingly, the AIH group had a large number of
cases with IgG4+ plasma cells present compared to the
other autoimmune related diseases, which only demonstrated few cases with any IgG4+ cells. However, none of
the AIH cases demonstrated > 10 IgG4+ plasma cells per
HPF or had a significant IgG4+:total plasma cell ratio.
Thus, none of these cases met the consensus guideline
cutoffs for IgG4RD. One case of AIH had below threshold but mildly increased IgG4+:total plasma cell ratio
(30%) and a below threshold but mildly increased IgG4+
plasma cell count (7.0 per HPF). Chart review revealed a
70-year-old female with jaundice and elevated LFTs on
steroid therapy for systemic lupus erythematosus (SLE).
Serum IgG4 levels were not tested. Based on her liver
biopsy findings she was diagnosed with AIH and maintained on steroid therapy. 14 years after her initial liver
biopsy the patient was seen at Duke Hospital again for
hypothyroidism but was also noted to be in hospice care
for dementia, heart failure, pulmonary fibrosis, and SLE.
Her LFTs at that time were normal, though she was still
taking prednisone for SLE. Approximately a year later
the patient succumbed to complications of heart failure.
Overall, we think that this patient likely had true AIH
and not IgG4RD. This case demonstrates that lowering
the IgG4+:total plasma cell ratio may decrease specificity
of the histopathologic diagnosis of IgG4RD and emphasizes the need for clinico-pathologic correlation as well
as evaluation of the biopsy as a whole.
We had 2 HCV cases with IgG4+:total plasma cell
ratios greater than the cutoff. However, the ratio was
only significant due to overall low numbers of plasma
cells and would not meet the 2012 consensus guidelines
which require > 10 IgG4+ positive plasma cells per HPF
in a biopsy specimen. These cases demonstrate the importance of evaluating the total number of IgG4+ plasma
cells as well as the IgG4+:total plasma cell ratio. None of
the PSC or PBC cases demonstrated an elevated IgG4+:total plasma cell ratio.
Current consensus guidelines for the histopathologic diagnosis of IgG4RD are not organ specific, and it is
unknown if specific criteria for liver and biliary tree involvement are needed for optimal sensitivity and specificity. While numerical cut offs can be a helpful guideline when considering IgG4RD in the differential diagnosis of a liver biopsy, it is necessary to correlate with
our clinical colleagues and the overall clinical picture of
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each patient in order to make a final diagnosis. Our study
showed two cases of IgG4RD that did not meet the ratio threshold but did meet the count threshold. We also
had two cases of chronic HCV and one case of secondary sclerosing cholangitis of unknown etiology initially
thought to be PSC that did meet the ratio threshold but
not the count threshold. Consideration for lowering the
ratio threshold revealed one AIH case which would have
met the ratio but not count threshold. Overall, we think
the consensus guideline thresholds should be used as a
guide for evaluating liver biopsies for IgG4-related sclerosing cholangitis, but that each case needs to be considered individually with the clinical findings and overall
biopsy findings for final diagnosis.
While a plasma cell infiltrate can be seen in a variety of
inflammatory liver processes, our study demonstrates that
rarely will there be a significant number of IgG4+ plasma
cells. Liver biopsies with a significant plasma cell infiltrate
may warrant IgG4 IHC staining to evaluate the differential diagnosis of IgG4-related sclerosing cholangitis, which
is potentially responsive to immunosuppressive therapy.
However, we do not recommend adhering strictly to the
consensus guideline thresholds and favor individual evaluation of each case in the context of its clinical scenario
and overall biopsy findings. Conversely, our data suggest
IgG4 IHC within other characteristic autoimmune-like
liver diseases (PBC and AIH) to be of low yield.
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