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Abstract

Background: Type 1 autoimmune pancreatitis (AIP) is a pancreatic manifestation of IgG4-related disease (IgG4-RD). 
Although AIP and IgG4-RD are characterized by multiple organ involvement including salivary glands, lung, and kid-
ney, co-occurrence of chronic rhinosinusitis (CRS) and AIP/IgG4-RD has been poorly defined.

Objective: We explored molecular mechanism accounting for the co-occurrence of CRS and AIP/IgG4-RD.

Methods: Serum concentrations of IFN-α and IL-33 were measured by enzyme-linked immune-sorbent assay.

Results: We encountered a patient with concurrent type 1 AIP/IgG4-RD and CRS. Induction of remission by predniso-
lone (PSL) for type 1 AIP/IgG4-RD led to a marked improvement of CRS. Serum cytokine analysis after PSL treatment 
revealed a marked reduction in serum concentrations of IFN-α and IL-33, both of which are candidate pathogenic cy-
tokines for AIP/IgG4-RD. 

Conclusions: Given that IL-33 is shared as one of pathogenic cytokines by type 1 AIP/IgG4-RD and CRS, enhanced IL-
33 responses may cause concurrent type 1 AIP/IgG4-RD and CRS.
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Introduction
Type 1 autoimmune pancreatitis (AIP) is a pancreatic 

manifestation of systemic IgG4-related disease (IgG4-RD).1,2 
IgG4-RD is a newly proposed disease entity characterized by 
elevated levels of serum IgG4 antibody (Ab) concentrations, 
infiltration of IgG4-expressing plasma cells into the target 
organs, and multiple organ involvement.1,2 Although immu-
nopathogenesis of type 1 AIP and IgG4-RD has not been 
fully understood, we recently provided evidence that plasma-
cytoid dendritic cells (pDCs) producing both IFN-α and IL-33  
mediate chronic fibroinflammatory responses characterizing 
these disorders.3-7 Indeed, serum concentrations of IFN-α 
and IL-33 were significantly higher in patients with IgG4-RD 
and type 1 AIP than in those with chronic alcoholic pancre-
atitis or healthy controls.8 Moreover, induction of remission 

by prednisolone (PSL) was accompanied by marked reduc-
tions in serum concentrations of IFN-α and IL-33 in patients 
with type 1 AIP and IgG4-RD.8,9 Thus, IFN-α and IL-33 play 
pathogenic roles in the development of type 1 AIP and IgG4-
RD.

IgG4-RD preferentially affects the pancreas, bile duct, sal-
ivary glands, lung, and kidney.1,2 It should be noted, howev-
er, that this autoimmune disorder could involve almost all of 
the organs.1,2 Chronic rhinosinusitis (CRS) is an inflammato-
ry disease of the paranasal sinuses.10 Although the incidence 
of CRS in patients with IgG4-RD is very high (65.2%),11 the 
molecular mechanisms underlying such co-occurrence of 
both disorders have been poorly defined. We have encoun-
tered a case that exhibited a unique profile of serum cytokines 
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in concurrent IgG4-RD and CRS. This case strongly suggests 
that IgG4-RD and CRS might share one pathogenic cytokine 
responses. The institutional review board of the Kindai Uni-
versity Hospital approved this study (approval number: 28-
034). 

Figure 1. 
(a) 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) of the pancreas before and after prednisolone (PSL) 
treatment. Remarkable uptake of FDG was seen in the enlarged pancreas before treatment (left, arrowheads) and completely dis-
appeared after treatment (right, arrowheads). 
(b) Computed tomography of the ethmoid sinus before and after PSL treatment. Severe nasal mucosa hypertrophy in the bi-
lateral ethmoid sinus before treatment (left, arrowheads) completely disappeared after treatment (right, arrowheads). 
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a Baseline After 6 months

Case Report
A 48-year-old woman visited Kindai University Hospital 

(Osaka-Sayama, Japan) for annual checkup. She has had CRS 
for 20 years, which has not been resolved with repeated mac-
rolide antibiotic treatment for 5 months; her past medical his-
tory included rheumatoid arthritis, and asthma. She had been 
diagnosed with rheumatoid arthritis 15 years ago and had 
been treated first with Infliximab but she is currently treated 
with Tocilizumab. She has had asthma for 8 years and is treat-
ed with combination of inhaled corticosteroid and a long-act-
ing beta-2 adrenergic agonist combination when she has 
symptoms. On 18F-fluorodeoxyglucose positron emission to-
mography (FDG-PET), there was remarkable uptake of FDG 

in an enlarged pancreas (Figure 1a, left), parotid, submandib-
ular, and lacrimal glands, all of which are preferentially affect-
ed by IgG4-RD.1,2 Computed tomography (CT) showed severe 
mucosal hypertrophy in the bilateral ethmoid, left sphenoid, 
and frontal sinuses (Figure 1b, left), but there were no na-
sal polyps. These FDG-PET and CT findings suspected con-
current IgG4-RD and CRS.1,2,12 Her serum concentrations of 
IgG, IgG4, and IgE were 3075 mg/dL (normal, 861–1747 mg/
dL), 2090 mg/dL (normal, 4.5–117 mg/dL), and 209 IU/mL 
(normal, < 170 IU/mL), respectively. Immunological investi-
gations such as rheumatoid factor, anti-nuclear antibody and 
anti-double stranded DNA antibody tests were negative. No 
major abnormal findings were detected in complete blood cell 
counts and biochemical analyses. To ascertain the diagnosis of 
IgG4-RD involving the pancreas and the salivary and lacrimal 
glands, endoscopic ultrasound-guided fine needle aspiration 
of the enlarged pancreas was performed. Figure 1c illustrates 
the formation of storiform fibrosis and prominent infiltra-
tion of IgG4-expressing plasmacytes, both of which are the 
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(Thermo Fisher Scientific, Waltham, MA). Additionally, us-
ing ELISA kits, we measured the serum concentrations of IL-
1β and IL-6 (Thermo Fisher Scientific) and IFN-α and IL-33 
(R&D systems, Minneapolis, MN) as previously described.8 
After PSL treatment, there was marked decrease in the serum 
concentrations of total IgG, IgG1, and IgG4 but not of IgG2 
and IgG3 (Figure 2a). We previously reported that pDCs, 
which produce both IFN-α and IL-33, mediated murine ex-
perimental AIP and human IgG4-RD. Indeed, accumulation 
of pDCs in the pancreas and significant elevations of serum 
IFN-α and IL-33 concentrations were observed in patients 
with type 1 AIP, which is a pancreatic manifestation of sys-
temic IgG4-RD.3-7 Interestingly, marked reduction in the se-
rum concentrations of IFN-α and IL-33 was seen after induc-
tion of remission by PSL, whereas the concentrations of IL-1β 
and IL-6 were comparable before and after PSL treatment 
(Figure 2b, and data not shown). These data strongly suggest-
ed that the suppression of IFN-α and IL-33 production in this 
present case was associated with the remission of IgG4-RD 
and CRS.

Figure 1. (Continued)
(c) Pathological examination of the pancreas tissue obtained by endoscopic ultrasound-guided fine needle aspiration. For-
mation of storiform fibrosis was observed in the Hematoxylin and Eosin staining (left). Infiltration of IgG4-expressing plasma-
cytes were observed in IgG4 immunostaining (right).

characteristic findings of type 1 AIP/IgG4-RD. These findings 
led us to diagnose this case as concurrent type 1 AIP/IgG4-
RD and CRS.1,2 

She was treated with prednisolone (PSL) 35 mg, with a ta-
pering schedule of 5 mg every two weeks. No other treatment 
such as antibiotics or nasal irrigation has been applied. Six 
months after the initiation of PSL treatment, FDG uptake in 
the pancreas, salivary glands, and lacrimal glands completely 
disappeared (Figure 1a, right). Moreover, there was resolu-
tion of the CRS-associated symptoms, such as headache, nasal 
discharge, and stuffy nose. Follow-up CT after PSL treatment 
showed resolution of mucosal hypertrophy in the ethmoid si-
nus (Figure 1b, right).

The patient’s course demonstrated that complete remission 
of both type 1 AIP/IgG4-RD and CRS was successfully in-
duced by PSL treatment; this prompted us to examine the mo-
lecular mechanisms of both conditions by comparing the se-
rum concentrations of total IgG, IgG1, IgG2, IgG3, and IgG4 
before and after PSL treatment. The serum concentrations 
of IgG1, IgG2, and IgG3 were determined by enzyme-linked 
immuno-sorbent assay (ELISA) kits as previously described8

c

Figure 2. (a) Serum concentrations of total IgG, IgG1, IgG2, IgG3, and IgG4 before and after prednisolone (PSL) treatment. 
(b) Serum concentrations of IFN-α and IL-33 before and after PSL treatment.
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Discussion
Here we report a case of a patient with concurrent type 1 

AIP/IgG4-RD and CRS. This case exhibited typical serologi-
cal and pathological findings of type 1 AIP and IgG4-RD. The 
presence of CRS was confirmed by her symptoms and typical 
CT findings. Interestingly, PSL treatment markedly improved 
both type 1 AIP/IgG4-RD and CRS, which was confirmed by 
FDG-PET and CT after treatment. 

Our analyses of serum cytokines suggested the possible in-
volvement of IFN-α and IL-33 responses in the development 
of not only IgG4-RD but also CRS. As mentioned above, the 
development of murine experimental AIP and human IgG4-
RD partially depended on pDCs activation, followed by the 
production of IFN-α and IL-33.3-7 In line with this idea, serum 
concentrations of IFN-α and IL-33 are useful for the diagno-
sis and evaluation of disease activity in type 1 AIP/IgG4-RD 
as shown in our recent study.8 In terms of pathophysiology 
of CRS, previous studies reported that patients with CRS had 
increased expression of IL-33 in the nasal mucosa, although 
those did not examine the involvement of IFN-α.13,14 Those 
previous studies and this present study strongly suggested that 
enhanced IL-33 production might be the prominent feature 
of both IgG4-RD and CRS and that PSL might induce the re-
mission of both disorders through down-regulation of IL-33 
responses.

One question that may arise from this case is whether 
CRS developed as a nasal mucosal manifestation of systemic 
IgG4-RD. CRS is classified into the noneosinophilic and eo-
sinophilic types; the latter had been associated with a recur-
rent or refractory phenotype.15 According to the Japanese 
Epidemiological Survey of Refractory Eosinophilic Chronic 
Rhinosinusitis diagnostic system which suggests the diagnosis 
is eosinophilic chronic rhinosinusitis when the score is ≥ 11, 
her score was 9.15 From the score criteria, her diagnosis was 
a non-eosinophilic chronic rhinosinusitis. Gao et al report-
ed a high (30/46, 65.2%) incidence of CRS in patients with 
IgG4-RD and found that eye involvement in IgG4-RD was as-
sociated with CRS.11 Given the fact that the present case had 
lacrimal lesions and that the serum IL-33 responses declined 
after PSL treatment, which was similar to previously reported 
IgG4-RD cases, her CRS was likely a nasal mucosal manifes-
tation of IgG4-RD. However, pathologic examination of nasal 
mucosal biopsy specimens would be required to confirm that 
CRS was a nasal mucosal manifestation of IgG4-RD in this 
case. 

Finally, we encountered a case of IgG4-RD and CRS that 
were both successfully treated with PSL. Induction of remis-
sion by PSL was accompanied by marked reductions in the se-
rum concentrations of IgG4, IFN-α, and IL-33. Given the fact 
that IL-33 was a common pathogenic cytokine of IgG4-RD 
and CRS, this case report strongly suggested that these two 
disorders can occur concurrently. In such cases, PSL treat-
ment may be effective for both disorders. In addition, mea-
surement of serum IgG4, which is a biomarker of postoper-
ative recurrence of CRS,10 might be useful to determine the 
prognosis of the subpopulation of CRS that responds well to 
PSL. Further studies on a large number of patients with IgG4-
RD and CRS are absolutely required to confirm this idea.
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