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Abstract IgG4-related dacryoadenitis and sialoadenitis (IgG4-DS) is characterized by bilateral
swelling of glandular tissues with extensive fibrosis, and is immunologically considered a
Th2-predominant disease. Recent studies reported that alternatively activated (M2) macrophages
enhanced Th2 immune responses and fibrosis by production of pro-fibrotic factors (IL-10, IL-13 and
CCL18). Therefore, we examined the association between M2 macrophages and fibrosis in sub-
mandibular glands from 7 patients with IgG4-DS, 10 patients with chronic sialoadenitis, 10 patients
with Sjögren's syndrome, and 10 healthy subjects. The number of M2 macrophages in SMGs from
patients with IgG4-DS was also significantly higher than in the other groups. Double immunofluores-
cence staining showed that IL-10 and CCL18 expression co-localized with M2 macrophage-marker
(CD163). Furthermore, the SMG fibrosis score was positively correlated with the frequency of M2
macrophages in only IgG4-DS. These results indicate that IL-10 and CCL18 secreted by preferential M2
macrophages possibly play a key role in the development of severe fibrosis in IgG4-DS.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the
CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).

Abbreviations: MD, Mikulicz's disease; SMG, Submandibular gland; LG, lacrimal gland; SS, Sjögren's syndrome; IgG4-RD, IgG4-related
disease; IgG4-DS, IgG4-related dacryoadenitis and sialoadenitis; Th2, helper T type 2; eGC, ectopic germinal center; OSCC, oral squamous cell
carcinoma; CS, chronic sialoadenitis; MT, Masson's trichrome; Treg, regulatory T cell.
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1. Introduction

Mikulicz's disease (MD), first reported by Mikulicz in 1888 [1],
is characterized by firm swelling of submandibular glands
(SMGs) and lacrimal glands (LGs), and has been considered to
be a subtype of Sjögren's syndrome (SS) because of these
histopathological similarities [2]. However, Yamamoto et al.
reported that patients diagnosed with MD also had high
serum levels of IgG4 and marked infiltration of IgG4-positive
plasma cells in salivary glands [3]. Moreover, several reports
also demonstrated that these findings were accompanied by
autoimmune pancreatitis (AIP) [4], sclerosing cholangitis (SC)
[5], tubulointerstitial nephritis (TIN) [6], interstitial pneumo-
nia [7], Hashimoto's thyroiditis [8] and Küttner tumor [9].
These diseases are now collectively called “IgG4-related
disease (IgG4-RD)” and we have described this concept and
provided up-to-date information regarding this emerging
disease entity in a recent review [10]. Furthermore, recent
studies have also referred to MD as IgG4-related dacryoadenitis
and sialoadenitis (IgG4-DS) [11].

Regarding the immunological aspect of IgG4-RD, it is well
known that IgG4 is induced by T helper type 2 cell (Th2)
cytokines such as interleukin (IL)-4 and IL-13. We previously
reported that analysis of peripheral CD4+ Th cells from
patients with IgG4-DS revealed a deviation in the Th1/Th2
balance favoring Th2 [12] and that Th2 cells play a key role in
the production of IgG4 and formation of ectopic germinal
centers (eGCs) [13,14]. In addition, Watanabe et al. reported
that abnormal immune responses might enhance the Th2
response via Toll-like receptors expressed by macrophages,
contributing to the immunopathology of IgG4-RD [15]. Recent
studies reported that rituximab targeting CD20 plasma cells
appeared to be an effective treatment strategy for IgG4-RD,
but plasmablasts lack surface expression of CD20 and thus
demonstrate a resistance to direct depletion by rituximab and
IgG4-positive plasmablast. Macrophage might play an effec-
tive role in IgG4 production produced by IgG4-positive
plasmablast. Recently, innate immune system such as macro-
phages has received a lot of attention to the initiation of
IgG4-RD [16]. At least two distinct subtypes of macrophages
have been identified; the classically activated (M1) macro-
phage stimulated by Th1 responses and the alternatively
activated (M2) macrophage stimulated by Th2 responses. M2
macrophages contribute to angiogenesis, suppression of
adaptive immunity, and wound healing and fibrosis [17,18].
Histologically, the critical features of IgG4-RD are severe
fibrosis with dense lymphoplasmacytic infiltration of the
salivary glands and other lesion [19]. However, to our
knowledge, no published reports have investigated the
mechanism promoting severe fibrosis in IgG4-RD. In this
study, we examined the distribution of macrophage subsets
and the expression of pro-fibrotic factors in salivary glands to
clarify the contribution of macrophages to the pathogenesis of
IgG4-DS.

2. Material and methods

2.1. Patients

SMG samples were collected from 7 patients with IgG4-DS
(five men and two women; mean age ± standard deviation
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