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IgG4-related disease is a new disease entity involving IgG4 in its clinical presentation and having 6 characteristic features: (1)
systemic involvement; (2) solitary or multiple lesions showing diffuse or localized swelling, masses, nodules, and/or wall thickening
on imaging; (3) high serum IgG4 concentration >135 mg/dL; (4) abundant infiltration of lymphoplasmacytes and IgG4-bearing
plasma cells; (5) a positive response to corticosteroid therapy; and (6) complications of other IgG4-related diseases. To date, most
IgG4-related diseases have been recognized as extrapancreatic lesions of autoimmune pancreatitis. This paper will discuss the utility
of IgG4 as a biomarker of IgG4-related diseases, including in the diagnosis of autoimmune pancreatitis and its differentiation from
pancreatic cancer, in the prediction of relapse, in the long-term follow-up of patients with autoimmune pancreatitis and normal
or elevated IgG4 concentrations, and in patients with autoimmune pancreatitis and extrapancreatic lesions, as well as the role of
IgG4 in the pathogenesis of IgG4-related disease.

1. Introduction

IgG4-related disease is a new disease entity involving IgG4
in its clinical presentation. To date, 6 characteristic features
of IgG4-related disease have been identified: (1) systemic
involvement; (2) solitary or multiple lesions showing diffuse
or localized swelling, masses, nodules, and/or wall thick-
ening on imaging; (3) high serum IgG4 concentrations
>135 mg/dL; (4) abundant infiltration of lymphoplasma-
cytes and IgG4-bearing plasma cells; (5) a positive response
to corticosteroid therapy; (6) complications of other IgG4-
related diseases [1–4].

IgG4-related disease involves organs throughout the
entire body. The major manifestations of IgG4-related dis-
ease include autoimmune pancreatitis, lacrimal and salivary
gland lesions known as Mikulicz’s disease, sclerosing cholan-
gitis, retroperitoneal fibrosis, lung disease, and tubulointer-
stitial nephritis. In addition, many minor lesions have been
reported in patients with IgG4-related disease, including
hypophysitis, thyroiditis, hepatopathy, and prostatitis. At
present, it is not clear whether these lesions are caused by the

same etiology or merely show clinical and pathological find-
ings associated with IgG4. Imaging modalities have shown
diffuse or localized swelling in the pancreas and the lacrimal
and salivary glands, masses in patients with retroperitoneal
fibrosis, nodules in patients with lung pseudotumors, and
wall thickening in the bronchi and bile ducts.

Most patients with IgG4-related disease have high serum
IgG4 concentrations, over 135 mg/dL, [5] a finding both
sensitive and specific for this disease, as well as useful for
its diagnosis. Characteristic pathological findings include the
infiltration of large numbers of lymphoplasmacytes and IgG4
bearing plasma cells [6]. Although storiform or swirling
fibrosis and obstructive phlebitis are also characteristics of
IgG4-related disease, they are rarely observed in specific
lesions, such as those of the salivary glands. Most lesions,
except for those that are predominantly fibrotic, respond
positively to corticosteroid therapy. For example, patients
with autoimmune pancreatitis show reduced swelling, pro-
ducts with lung pseudotumors show the disappearance of
nodules, and patients with sclerosing cholangitis show the
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disappearance of bile duct strictures after corticosteroid
treatment. At present, most IgG4-related diseases have been
recognized as extrapancreatic lesions of autoimmune pancre-
atitis [2, 7, 8].

This paper will discuss the utility of serum IgG4 concen-
trations as a biomarker of the major IgG4-related disease,
autoimmune pancreatitis. Topics will include IgG4 concen-
tration and the diagnosis of autoimmune pancreatitis, as well
as its differentiation from pancreatic cancer; IgG4 and the
prediction of relapse; long-term followup of patients with
autoimmune pancreatitis and either normal or elevated IgG4
concentration; IgG4 and extrapancreatic lesions in patients
with autoimmune pancreatitis; and the role of IgG4 in the
pathogenesis of IgG4-related disease.

2. IgG4 and the Diagnosis of
Autoimmune Pancreatitis

The sera of patients with autoimmune pancreatitis have
a polyclonal band in the rapidly migrating fraction of γ-
globulins, resulting in β–γ bridging. Immunoprecipitation
assays have confirmed that this band is always due to
elevation of IgG4 concentration [5]. IgG is composed of 4
subclasses, IgG1, IgG2, IgG3, and IgG4. In normal subjects,
IgG4 constitutes only 3–7% of total serum IgG. However,
serum IgG4 concentrations are over 10-fold higher in
patients with autoimmune pancreatitis. Elevated serum IgG4
has also been observed in individuals with allergic disorders,
parasite infestations, and pemphigus. High serum IgG4
concentrations have been observed in 90% of patients with
autoimmune pancreatitis, but rarely in patients with pan-
creatic cancer, chronic pancreatitis, primary biliary cirrhosis,
primary sclerosing cholangitis, and Sjögren’s syndrome,
suggesting that IgG4 is a sensitive and specific marker
of autoimmune pancreatitis and may be diagnostic for
this disease [5]. Corticosteroid therapy significantly reduces
serum IgG4 concentration and the IgG4/IgG ratio [5]. The
utility of IgG4 for the diagnosis of autoimmune pancreatitis
has been evaluated worldwide, with a sensitivity ranging
from 50% to 92% and a specificity over 90%. Serum IgG4
concentration is therefore considered a reliable marker for
the diagnosis of autoimmune pancreatitis and has been
included in various diagnostic criteria [9–12]. Differences in
sensitivity and specificity may be partly due to the use of
different assays to measure serum IgG4 and different cut-
offs for the upper limit of normal around the world, as well
as variations in diagnostic criteria used in individual coun-
tries, which may be associated with histological differences
between lymphoplasmacytic sclerosing pancreatitis (LPSP)
[13] and idiopathic duct-centric chronic pancreatitis (IDCP)
[14].

Clinical features of autoimmune pancreatitis have been
reported to differ based on the serum concentration of IgG4.
Compared with patients having normal serum IgG4 levels,
those with elevated IgG4 are regarded as being in a highly
active state, with a higher incidence of jaundice at onset,
more frequent diffuse pancreatic enlargement on imaging,
significantly higher 18F-2-fluoro-2-deoxy-d-glucose uptake

by pancreatic lesions, more frequent extrapancreatic lesions,
and more frequent requirement for maintenance therapy
[15].

In addition, infiltration of IgG4 bearing plasma cells is a
histological hallmark of autoimmune pancreatitis and is used
in pathologic diagnoses [6].

3. IgG4 and the Differentiation of Autoimmune
Pancreatitis from Pancreatic Cancer

Lymphoplasmacytic sclerosing pancreatitis (LPSP), which
is similar pathologically to autoimmune pancreatitis, has
been observed in 2.5% of patients undergoing the Whipple
resection [16]. Therefore, it is necessary to differenti-
ate autoimmune pancreatitis from pancreatic cancer. We
reported that IgG4 had a sensitivity of 90%, a specificity of
98%, and an accuracy of 95% in differentiating between these
conditions, [5] indicating that IgG4 is useful both for the
diagnosis of autoimmune pancreatitis and for differentiating
it from pancreatic cancer. Other reports have also shown
the usefulness of IgG4 in differential diagnosis [17–19]. The
sensitivity and specificity of IgG4 were superior to those of
IgG, ANA, and RF, although the additional measurement of
ANA and RF further increased the sensitivity and negative
predictive value of IgG4 [8].

4. IgG4 and Prediction of Relapse

Some patients with autoimmune pancreatitis experience
relapse during their clinical course. For effective manage-
ment, it is necessary to determine the frequency of relapse
and its prevention. During the period from 1992 to 2011,
a total of 93 patients with autoimmune pancreatitis were
examined and treated at Shinshu University Hospital. Of
the 84 patients followed up for more than 1 year, 28 (33%)
experienced relapse. In Japanese patients, the relapse rate has
been estimated to vary from 30 to 50%, [20–22] although
corticosteroid therapy significantly reduced relapse rates
[22]. Japanese consensus guidelines for the management of
autoimmune pancreatitis have stated that the indications for
corticosteroid therapy include symptoms such as obstructive
jaundice, abdominal pain, and back pain, and the presence
of symptomatic extrapancreatic lesions. The major lesions
at relapse included autoimmune pancreatitis (n = 26),
sclerosing cholangitis (n = 18), lachrymal and salivary gland
lesions (n = 5), and retroperitoneal fibrosis (n = 4). In
addition, the involvement of other organs and symptoms
were seen at relapse. We failed to identify any serum markers
at diagnosis that could predict relapse, although we observed
elevated concentrations of IgG and immune complex in
the relapse compared with the nonrelapse group, although
these differences were not significant. Serial changes in
IgG4 and immune complexes in a 69-year-old woman with
autoimmune pancreatitis who experienced 3 relapses showed
that these markers were elevated in serum several months
before clinically evident relapse, suggesting that regular
measurements of these markers in an out-patient clinic may
predict relapse [23].
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Table 1: IgG4 concentrations, age and complications of more than 3 extrapancreatic lesions in patients with autoimmune pancreatitis and
major extrapancreatic lesions.

n
(male/female)

Age, yr
Median (range)

IgG4, mg/dL
Median (range)

Complications of
more than 3

extrapancreatic
lesions, n (%)

Autoimmune
pancreatitis

92 (72/20) 66 (38–85) 545 (4–2970) 11(12%)

Mikulicz’s disease 41 (31/10) 65 (43–82) 697 (18–2970) 13 (32%)

Sclerosing cholangitis 71 (53/18) 67 (38–84) 500 (4–2970) 13 (18%)

Retroperitoneal
fibrosis

27 (23/4) 66 (50–80) 1110 (247–2970) 12 (44%)

Kidney lesion 18 (14/4) 67 (56–82) 1313 (156–2970) 9 (50%)

5. Long-Term Followup of Patients with
Autoimmune Pancreatitis and Normal or
Elevated IgG4

We followed 2 patients with autoimmune pancreatitis for
10 years each, a 55-year-old man with a serum IgG4
concentration of 1135 mg/dL and a 65-year-old woman
with a serum IgG4 concentration of 42 mg/dL [24]. The
first patient experienced several recurrences, developing a
pancreatic stone and pancreatic duct stenosis, whereas the
latter patient showed no duct changes over time. These
findings suggest that autoimmune pancreatitis accompanied
by normal IgG4 concentrations may represent lower activity
and a nonprogressive state [24].

6. IgG4 and Extrapancreatic Lesions in
Autoimmune Pancreatitis

Extrapancreatic lesions in patients with autoimmune pan-
creatitis may involve organs throughout the entire body
[7, 8]. Serum IgG4 concentrations were well correlated with
the number of extrapancreatic organs involved, indicating
a correlation between increased serum IgG4 and extrapan-
creatic involvement. Among the 5 types of extrapancreatic
involvement, lachrymal and salivary gland lesions and hilar
lymph adenopathy have been significantly associated with
high serum IgG4 concentrations, suggesting that patients
with high serum IgG4 should be assessed for the occurrence
of these lesions [7]. However, a recent study of large
numbers of patients with autoimmune pancreatitis and
extrapancreatic lesions showed different results, as shown in
Table 1. Patients with IgG4-related retroperitoneal fibrosis
and kidney lesions had higher IgG4 concentrations than
other patients, probably because these lesions were compli-
cations of many other IgG4-related diseases (Table 1).

7. Role of IgG4

IgG4 in these patients may be (1) pathogenic, (2) anti-
inflammatory, or (3) as a rheumatoid factor. For example,
anti-desmoglein3 IgG4 autoantibody has been reported
pathogenic for pemphigus vulgaris [25]. Transfer of an anti-
desmoglein3 IgG4 autoantibody from a pemphigus vulgaris

patient to BALB/C mice resulted in a pemphigus vulgaris like
lesion, suggesting the involvement of an IgG4 autoantibody
directed against an unknown target antigen. Similarly, IgG4
deposits have been detected in tissues of patients with
autoimmune pancreatitis [26]. In contrast, IgG4 was found
to have anti-inflammatory effects against allergic reactions.
IgG4 antibodies can bind to soluble antigens, blocking the
interaction between these antigens and IgE on mast cells and
inhibiting allergic reactions. A dynamic Fab arm exchange
of IgG4 can occur, resulting in bispecific activity, loss of
monospecific cross-linking activity, and loss of the ability
to form immune complexes, resulting in anti-inflammatory
effects [27].

IgG4 may act as an autoantibody against IgG or have
rheumatoid factor activity. Western blotting has shown that
IgG4 from the sera of patients with autoimmune pancreatitis
can bind to IgG1, IgG2, IgG3, and IgG Fc [28]. Furthermore,
IgG4 Fc, but not IgG4 Fab, was found to bind to IgG Fc
[28], indicating that IgG4 binding to IgG Fc is via an Fc-
Fc interaction, not via rheumatoid activity. ELISA showed
that IgG4 from the serum of each patient with autoimmune
pancreatitis could bind to IgG1 coated onto microplates, a
binding well correlated with serum IgG4, but not rheumatoid
factor, concentration [28]. The role of IgG4 Fc-IgG Fc is
unclear, but it may have physiological and/or pathological
effects, suggesting the need for further studies.

8. Conclusion

The utility of serum IgG4 concentration as a biomarker of
the major IgG4-related disease, autoimmune pancreatitis,
includes its ability to diagnose autoimmune pancreatitis as
well as to differentiate this disease from pancreatic cancer.
Moreover, serum IgG4 concentration may be a marker for
predicting relapse and for the evaluation of extrapancreatic
lesions. It remains unclear, however, whether IgG4 and
its rheumatoid factor-like activity may be beneficial or
pathogenic in these patients.

Acknowledgments

This work was supported in part by the Research Program
of Intractable Disease provided by the Ministry of Health,



4 International Journal of Rheumatology

Labor, and Welfare of Japan, and in part by Grant-in-Aid for
Scientific Research from the Ministry of Education, Science,
Sports, and Culture of Japan (23591012).

References

[1] S. Kawa and S. Sugai, “History of autoimmune pancreatitis
and Mikulicz’s disease,” Current Immunology Reviews, vol. 7,
no. 2, pp. 137–143, 2011.

[2] S. Kawa, Y. Fujinaga, M. Ota, H. Hamano, and S. Bahram,
“Autoimmune pancreatitis and diagnostic criteria,” Current
Immunology Reviews, vol. 7, no. 2, pp. 144–161, 2011.

[3] H. Umehara, K. Okazaki, Y. Masaki et al., “A novel clinical
entity, IgG4-related disease (IgG4RD): general concept and
details,” Modern Rheumatology, vol. 22, no. 1, pp. 21–30, 2012.

[4] S. Kawa, H. Hamano, and K. Kiyosawa, “Pancreatitis,” in The
Autoimmune Diseases, N. Rose and I. MacKay, Eds., pp. 779–
786, Academic Press, St Louis, Mo, USA, 4th edition, 2006.

[5] H. Hamano, S. Kawa, A. Horiuchi et al., “High serum IgG4
concentrations in patients with sclerosing pancreatitis,” The
New England Journal of Medicine, vol. 344, no. 10, pp. 732–
738, 2001.

[6] H. Hamano, S. Kawa, Y. Ochi et al., “Hydronephrosis associ-
ated with retroperitoneal fibrosis and sclerosing pancreatitis,”
The Lancet, vol. 359, no. 9315, pp. 1403–1404, 2002.

[7] H. Hamano, N. Arakura, T. Muraki, Y. Ozaki, K. Kiyosawa,
and S. Kawa, “Prevalence and distribution of extrapancreatic
lesions complicating autoimmune pancreatitis,” Journal of
Gastroenterology, vol. 41, no. 12, pp. 1197–1205, 2006.

[8] S. Kawa, K. Okazaki, T. Kamisawa, T. Shimosegawa, and M.
Tanaka, “Japanese consensus guidelines for management of
autoimmune pancreatitis: II. Extrapancreatic lesions, differen-
tial diagnosis,” Journal of Gastroenterology, vol. 45, no. 4, pp.
355–369, 2010.

[9] K. Okazaki, S. Kawa, T. Kamisawa et al., “Clinical diagnostic
criteria of autoimmune pancreatitis: revised proposal,” Journal
of Gastroenterology, vol. 41, no. 7, pp. 626–631, 2006.

[10] K. P. Kim, M. H. Kim, J. C. Kim, S. S. Lee, D. W. Seo, and S. K.
Lee, “Diagnostic criteria for autoimmune chronic pancreatitis
revisited,” World Journal of Gastroenterology, vol. 12, no. 16,
pp. 2487–2496, 2006.

[11] S. T. Chari, T. C. Smyrk, M. J. Levy et al., “Diagnosis of
autoimmune pancreatitis: the mayo clinic experience,” Clinical
Gastroenterology and Hepatology, vol. 4, no. 8, pp. 1010–1016,
2006.

[12] M. Otsuki, J. B. Chung, K. Okazaki et al., “Asian diagnostic
criteria for autoimmune pancreatitis: consensus of the Japan-
Korea symposium on autoimmune pancreatitis,” Journal of
Gastroenterology, vol. 43, no. 6, pp. 403–408, 2008.

[13] K. Kawaguchi, M. Koike, K. Tsuruta, A. Okamoto, I. Tabata,
and N. Fujita, “Lymphoplasmacytic sclerosing pancreatitis
with cholangitis: a variant of primary sclerosing cholangitis
extensively involving pancreas,” Human Pathology, vol. 22, no.
4, pp. 387–395, 1991.

[14] K. Notohara, L. J. Burgart, D. Yadav, S. Chari, and T.
C. Smyrk, “Idiopathic chronic pancreatitis with periductal
lymphoplasmacytic infiltration: clinicopathologic features of
35 cases,” American Journal of Surgical Pathology, vol. 27, no.
8, pp. 1119–1127, 2003.

[15] H. Matsubayashi, H. Sawai, H. Kimura et al., “Characteristics
of autoimmune pancreatitis based on serum IgG4 level,”
Digestive and Liver Disease, vol. 43, no. 9, pp. 731–735, 2011.

[16] S. C. Abraham, R. E. Wilentz, C. J. Yeo et al., “Pancreati-
coduodenectomy (Whipple resections) in patients without
malignancy: are they all “chronic pancreatitis”?” American
Journal of Surgical Pathology, vol. 27, no. 1, pp. 110–120, 2003.

[17] A. M. Morselli-Labate and R. Pezzilli, “Usefulness of serum
IgG4 in the diagnosis and follow up of autoimmune pancreati-
tis: a systematic literature review and meta-analysis,” Journal
of Gastroenterology and Hepatology, vol. 24, no. 1, pp. 15–36,
2009.

[18] E. K. Choi, M. H. Kim, T. Y. Lee et al., “The sensitivity and
specificity of serum immunoglobulin G and immunoglobulin
G4 levels in the diagnosis of autoimmune chronic pancreatitis:
Korean experience,” Pancreas, vol. 35, no. 2, pp. 156–161, 2007.

[19] A. Ghazale, S. T. Chari, T. C. Smyrk et al., “Value of serum
IgG4 in the diagnosis of autoimmune pancreatitis and in
distinguishing it from pancreatic cancer,” American Journal of
Gastroenterology, vol. 102, no. 8, pp. 1646–1653, 2007.

[20] M. Takayama, H. Hamano, Y. Ochi et al., “Recurrent attacks
of autoimmune pancreatitis result in pancreatic stone forma-
tion,” American Journal of Gastroenterology, vol. 99, no. 5, pp.
932–937, 2004.

[21] K. Hirano, Y. Asaoka, M. Tada et al., “No significant relation
between relapse of autoimmune pancreatitis and substitution
of aspartic acid at position 57 of DQβ1,” Journal of Gastroen-
terology, vol. 44, no. 7, pp. 799–800, 2009.

[22] K. Kubota, S. Watanabe, T. Uchiyama et al., “Factors predictive
of relapse and spontaneous remission of autoimmune pancre-
atitis patients treated/not treated with corticosteroids,” Journal
of Gastroenterology, vol. 46, no. 6, pp. 834–842, 2011.

[23] S. Kawa and H. Hamano, “Clinical features of autoimmune
pancreatitis,” Journal of Gastroenterology, vol. 42, no. 18, pp.
9–14, 2007.

[24] S. Kawa, H. Hamano, Y. Ozaki et al., “Long-term follow-up
of autoimmune pancreatitis: characteristics of chronic disease
and recurrence,” Clinical Gastroenterology and Hepatology, vol.
7, no. 11, supplement, pp. S18–S22, 2009.

[25] B. Rock, C. R. Martins, A. N. Theofilopoulos et al., “The
pathogenic effect of IgG4 autoantibodies in endemic pemphi-
gus foliaceus (fogo selvagem),” The New England Journal of
Medicine, vol. 320, no. 22, pp. 1463–1469, 1989.

[26] S. Aoki, T. Nakazawa, H. Ohara et al., “Immunohistochemical
study of autoimmune pancreatitis using anti-IgG4 antibody
and patients’ sera,” Histopathology, vol. 47, no. 2, pp. 147–158,
2005.

[27] M. van der Neut Kolfschoten, J. Schuurman, M. Losen et
al., “Anti-inflammatory activity of human IgG4 antibodies by
dynamic Fab arm exchange,” Science, vol. 317, no. 5844, pp.
1554–1557, 2007.

[28] S. Kawa, K. Kitahara, H. Hamano et al., “A novel immuno-
globulin-immunoglobulin interaction in autoimmunity,” Plos
ONE, vol. 3, no. 2, Article ID e1637, 2008.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


