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A B S T R A C T

IgG4-related disease (IgG4-RD) is a chronic inflammatory disorder, characterized by elevated

serum IgG4 levels as well as abundant infiltration of IgG4-positive plasmacytes and fibrosis in

various organs, including the head and neck region. In particular, the salivary glands, orbit, and

thyroid are common sites of disease involvement. IgG4-RD is diagnosed based on various clinical,

serological, and histopathological findings, none of which are pathognomonic. Hence, various

differential diagnoses, which exhibit elevated serum IgG4 levels and infiltration of IgG4-postive

cells into tissues, need to be excluded, especially malignant diseases and mimicking disorders.

Systemic corticosteroids are generally effective in inducing IgG4-RD remission; however, recurrent

or refractory cases are common. In addition, although the pathogenic mechanisms of IgG4-RD

remain unclear, an antigen-driven inflammatory condition is believed to be involved. Recent studies

have indicated the important pathogenic role of B cell/T cell collaboration and innate immunity in

this disease. Nevertheless, additional research and discussions are needed to resolve many

remaining questions. In this review, we provide an overview of the recent insights on the history,

clinical features, diagnosis, and treatment of IgG4-RD in the head and neck region. Furthermore, we

have also addressed the pathogenesis of this disease.

� 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Immunoglobulin G4-related disease (IgG4-RD) is a chronic

fibro-inflammatory condition characterized by the enlargement

of the affected organs, elevated serum immunoglobulin (Ig)-G4

levels, and abundant IgG4-positive plasma cell infiltration in the

affected organs [1–4]. Although the pathogenesis of this disease

remains unclear, patients with IgG4-RD often present with

systemic organ dysfunction and immunological abnormalities

[2–5]. IgG4-RD involving the head and neck is a common

manifestation of this disease [1,2,5]. In this article, we provide

an overall review of IgG4-RD in the head and neck region.
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2. History of IgG4-related disease

Table 1 illustrates the history of IgG4-RD. In 1888,

Mikulicz-Radecki, a surgeon, first reported a case of what

was subsequently termed as Mikulicz’s disease (MD) [6]. The

patient exhibited symmetrical bilateral edema and enlargement

of the salivary and lacrimal glands, which showed lymphocytic

infiltration on microscopic examination. Subsequent studies

described this syndrome as MD, and the clinical features

included benign and chronic dacryoadenitis with bilateral

painless swelling of the lacrimal and salivary glands and

decreased lacrimation associated with dry mouth and dry eyes,

without any arthritis or blurred vision. In the 1930s, Henrik

Sjögren, a Swedish ophthalmologist, summarized the findings

of 19 cases with keratoconjunctivitis sicca; swelling of the

major salivary glands was observed in 2 of these cases [7]. The

http://crossmark.crossref.org/dialog/?doi=10.1016/j.anl.2016.10.011&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anl.2016.10.011&domain=pdf
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Table 1
History of IgG4-related disease.

Year Authors Contents Journal

1892 Mikulicz J. et al. Mikulicz’s disease Z Chir Fesrschr

1961 Sarles H et al. Hyper-gammaglobulina in chronic pancreatitis Am J Dig Dis

1967 Comings DE et al. Familial multifocal fibrosis Am Intern Med

1972 Räsänen O et al. Küttner tumor Acta Otolaryngol

1989 Konno A et al. Proposed an independent entity of Mikulicz’s disease J Jpn Saliv Gl

1995 Yoshida et al. Autoimmune pancreatitis (AIP) Dig Dis Sci

2001 Hamano et al. High IgG4 levels in AIP N Engl J Med

2003 Kamisawa et al. Concepts of IgG4-associated autoimmune disease J Gastroenterol

2006 Yamamoto et al. IgG4-related plasmacytic disease Mod Rheumatol

2008 Masaki et al. IgG4-multiorgan lymphoproliferation syndrome (MOLPS) Am Rheum Dis

2012 Umehara

Okazaki et al.

United name: IgG4-related disease (IgG4-RD) Mod Rheumatol

2012 Umehara

Okazaki et al.

Comprehensive diagnostic criteria for IgG4-RD Mod Rheumatol

2012 Stone H et al. International consensus for IgG4-RD Arthritis Rheum

2012 Deshpande V et al. International pathological consensus for IgG4-RD Mod Pathol
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concept of Sjögren’s syndrome (SS) was established thereafter.

In 1953, Morgan and Castleman examined specimens obtained

from 18 patients with MD, and concluded that the histological

findings in MD and SS were similar, and that most patients with

MD could also be considered to have SS [8].

MD was then recognized as a subtype of SS, and there were

no major disagreements regarding the 2 illnesses for >50 years.

However, cases were frequently reported in Japan. In fact, prior

to the establishment of the IgG4-RD concept, Konno et al.,

analyzed certain clinical cases in detail in 1984, and proposed

that MD was an independent entity [9]. In 2000, Tsubota et al.

reported that the extent of apoptosis in the salivary glands was

significantly lower in MD than in SS [10]. Furthermore,

Yamamoto et al. reported a series of cases of MD, wherein some

cases exhibited elevated serum IgG4 levels and others exhibited

the infiltration of IgG4-positive plasmacytes in swollen

lacrimal and submandibular glands [11,12]. Thus, MD was

recognized as a clinical and pathological entity distinct from SS

in 2006 [13].

In contrast, Küttner’s tumor (KT), which was first described

as chronic sclerosing sialadenitis by Küttner in 1896 [14], is a

rare and chronic inflammatory disorder of the salivary glands

and most commonly affects the submandibular glands. Patients

with KT present with firm swelling of the salivary glands, and

the clinical differentiation of KT from other neoplasms is

difficult [15,16]; hence, it has been termed as Küttner’s

‘‘tumor’’ [17]. KT is occasionally associated with similar

sclerosing lesions in extrasalivary glandular tissues, such as

those of the bile duct (sclerosing cholangitis) and the

retroperitoneum (retroperitoneal fibrosis) [18–20]. The con-

comitant occurrence of such lesions is referred to as multifocal

fibrosclerosis, and hence, KT can be considered as a

manifestation of multifocal fibrosclerosis. Recent studies have

shown that patients with KT exhibit high serum levels of IgG4

as well as infiltration of IgG4-positive plasma cells [21–23],

and KT is now considered to belong to the spectrum of IgG4-

RD. However, the term ‘‘Küttner’s tumor’’ should not be used at

present, because it is not a tumor but an inflammatory disease.
3. Organ involvement in the head and neck region

3.1. Salivary glands

The enlargement of the major salivary glands is a common

hallmark of IgG4-RD. The enlargement of the lacrimal and

salivary glands (IgG4-related dacryoadenitis and sialadenitis

[IgG4-DS]) in this condition was found to be elastic, painless,

and persistent  (occurring for >3 months). Although the

submandibular glands are most frequently involved, the

parotid, sublingual, and labial salivary glands may also be

affected (Fig. 1) [5]. In contrast, in SS, the enlargement of the

parotid gland is predominant. With regard to salivary gland

function in patients with this disease, the secretion is normal

or slightly reduced, but improves with steroid treatment. The

sialography findings were also normal, and the ‘‘apple-tree

sign’’, which is typical in SS, was not observed in patients

with IgG4-RD [1,11–13]. As mentioned below, differentiation

from lymphoma is important and requires histological

examination.

3.2. Lacrimal gland and orbit

IgG4-related orbital lesions comprise 22.5% of cases of

orbital lymphoproliferative disorders [24]. The primary sites of

involvement include the lacrimal glands, extraocular muscles,

and orbital nerves [25,26]. Patients with IgG4-related

dacryoadenitis often exhibit swelling of the upper eyelids

and bilateral ptosis (Fig. 1). In this condition, echography

examination of the lacrimal gland shows a lowly echogenic

swollen gland with partitioning, whereas neuroimaging studies

indicate lacrimal gland enlargement [27]. Nevertheless, as it is

difficult to evaluate whether the lesion is benign or malignant

only via imaging, histopathological examination is essential,

particularly in cases of unilateral involvement and without

signs of additional organ dysfunction (salivary or pancreatic

lesions) [5]. Furthermore, keratoconjunctivitis sicca is apparent

in a small number of cases with IgG4-related dacryoadenitis.



Fig. 1. Facial views and computed tomography images of patients with IgG4-dacryoadenitis and sialadenitis. The patients show persistent symmetrical enlargement

of the lacrimal (arrows) and submandibular glands (arrow heads). Symmetrical infraorbital nerve swellings (asterisks) were also observed.
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The branches of the supraorbital and infraorbital nerves may

be affected in IgG4-RD (Fig. 1) and may occasionally cause

sensory impairment in the area of innervation [24,26,28,

29]. Infraorbital nerve swelling has been reported to be

observed in approximately 30% of patients with IgG4-DS [26];

however, this inflammatory response may represent perineur-

itis, as biopsy specimens have shown an abundant infiltration of

IgG4-postive cells not into the nerve fiber, but into perineural

connective tissue. In contrast, optic nerve involvement has been

reported to lead to permanent visual loss [30,31].

3.3. Sinonasal region

Allergic features may develop in a substantial subset of

patients with IgG4-RD, and many patients have longstanding

histories of allergy, such as allergic rhinitis, nasal polyps, and

asthma [4]. Mild to moderate peripheral eosinophilia and high

serum IgE concentrations are also common in these cases.

Several recent reports have described the nasal manifesta-

tions associated with IgG4-RD [32–39]. Although patients with

atypical massive or tumorous sinonasal lesions were considered

to have IgG4-RD, it has been confirmed that rhinosinusitis is

beyond the IgG4-RD spectrum, because inflammatory disease

conditions, potentially associated with an elevated number of

IgG4-positive plasma cells in tissue, include rhinosinusitis

[32,40,41]. Hence, careful consideration is required when

diagnosing sinonasal lesions as IgG4-RD; in contrast, it is

possible that patients with rhinosinusitis complicated with

IgG4-RD exhibit characteristic features [32,42]. Our recent

study indicated that rhinosinusitis is common in patients with

IgG4-RD, and that patients with IgG4-RD and serum

eosinophilia also tend to develop sinonasal lesions, with a

similar pathogenesis as in eosinophilic chronic rhinosinusitis

[42].

Patients with IgG4-RD often complain of olfactory

disturbance, even in the absence of nasal and paranasal sinus

obstructive or inflammatory disease [43,44]. Although the

detailed mechanisms underlying olfactory dysfunction remain
unclear, the dysfunction of the nasal gland is mild and shows a

good response to treatment [44].

3.4. Thyroid

IgG4-RD is infrequently found to affect the thyroid gland.

IgG4-related thyroiditis reportedly includes Riedel’s thyroiditis

(RT) [45], Hashimoto’s thyroiditis (HT) [46–50], and IgG4-

related thyroiditis [51]. Cases of Grave’s disease, associated

with IgG4-RD, have also been reported [52,53]; however,

recent histologic examinations indicated that the thyroid of

Graves’ disease patients with persistent hyperthyroidism show

diffuse lymphoplasmacytic infiltration of IgG4-positive plasma

cells, without any concomitant fibrosis or obliterative phlebitis

[54].

RT was first reported in 1896 by Riedel as a hard, infiltrative

lesion in the thyroid gland [55]. RT is a chronic fibrosing

disorder of unknown etiology that remains poorly understood

even >100 years after it was first described. RT shows several

features consistent with the spectrum of IgG4-RD, including

the fibroinflammatory nature of the infiltrate, the presence of

obliterative phlebitis, and its association with other forms of

fibrosclerosis, including sclerosing cholangitis [45]. Dahlgren

et al. indicated that elevated numbers of IgG4-positive plasma

cells and the morphologic features of IgG4-RD are found in RT

patients [45]. RT is now firmly considered as an IgG4-RD

variant, and has long been known to be associated with

systemic fibrosclerosing diseases, many of which are now

included within the spectrum of IgG4-RD.

HT shows a partial overlap with IgG4-related thyroiditis.

Kakudo et al. identified a variant of HT that shows elevated

numbers of IgG4-positive plasma cells, and found significant

differences between patients with IgG4-positive thyroiditis and

IgG4-negative thyroiditis. In particular, patients with IgG4-

related thyroiditis tend to be young men with a shorter disease

duration; higher anti-thyroglobulin levels, anti-thyroid peroxi-

somal levels, and antibody titers; and diffuse low echogenicity

on ultrasonography [48,49]. Moreover, a study has indicated
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that 90% of cases classified as the fibrosing variant of HT were

associated with high IgG4 levels [50].

3.5. Pituitary gland and dura mater

Intracranial lesions of the pituitary gland [56,57] and dura

mater [58,59] rarely develop, and are infrequently involved in

IgG4-RD. IgG4-related hypophysitis of the anterior pituitary

may cause headache, visual field loss, and galactorrhea. The

symptoms of hypopituitarism include general malaise and

amenorrhea. Magnetic resonance imaging (MRI) findings show

sellar enlargement and thickening of the pituitary stalk. In

contrast, IgG4-RD is one of the most common causes of

hypertrophic pachymeningitis (HP), which is an inflammatory

condition involving the thickening of the dura mater of the

cranium or spine, that can lead to symptoms resulting from

mass effect, nerve compression, or vascular compromise

[59]. A recent survey study in Japan showed that among

159 patients with HP, antineutrophil cytoplasmic antibody

(ANCA)-related HP was the most frequent form (34%),

followed by IgG4-related HP (9%) [60].

3.6. Ear and mastoid

Takagi et al. reported 5 cases of suspected otologic

involvement, including otitis media with effusions, eosino-

philic otitis media, and sensorineural hearing loss, in patients

with biopsy-proven IgG4-RD at other sites [61]. The otologic

manifestations were responsive to steroid therapy; however,

it is unclear whether these manifestations should be included

in the spectrum of IgG4-RD because they have not been

confirmed by biopsy. In contrast, cases of IgG4-RD involving

the mastoid and middle ear have shown characteristic

histopathological features of IgG4-RD [62,63]. Although

these patients reported long-standing disease at this site and

multiple surgical interventions and recurrences, steroids and/

or rituximab therapy led to the stabilization of the disease

and resolution of the symptoms [63]. Furthermore, Desh-

pande et al. histopathologically examined 162 consecutive

mastoiditis cases, and found that some cases fulfilled the

histopathological features of IgG4-RD due to severe acute or

chronic infection [63]. Therefore, the diagnosis associated

with IgG4-RD at the ear and mastoid should be discussed by

experts, and every effort should be made to exclude an

infectious etiology, prior to initiating immunosuppressive

therapy.

3.7. Lymph node

The enlargement of the regional lymph nodes are commonly

observed around affected organs [64]. In the head and neck

region, the involvement of the cervical, supraclavicular, and

submandibular nodes is often found to be non-tender. The

biopsy of the enlarged lymph nodes for the diagnosis of IgG4-

RD is not recommended, as they are unlikely to show the

histological features observed in other organs affected with

IgG4-RD [4]. Moreover, patients with systemic lymphadenop-

athy as a result of IgG4-RD should be distinguished from those

with Castleman’s disease.
3.8. Other sites

IgG4-RD may also involve the pharynx, larynx, and

Waldeyer’s ring, and frequently presents with mass lesions in

these cases [65,66]. It is essential to consider whether these

mass-forming lesions can lead to the destruction of the

underlying bone, which is usually observed in malignant lesions

[67]. Eosinophilic angiocentric fibrosis (EAF), which is an

uncommon and enigmatic disease affecting the lacrimal gland,

nasal cavity, nasal sinuses, and lower respiratory tract, is also

considered as part of the spectrum of IgG4-RD [68]. Although

EAF may respond to immunosuppression therapy, the surgical

removal of the lesion is the current standard therapy.

4. Methods of diagnosis

IgG4-RD can be diagnosed based on clinical imaging,

serological, and pathological findings. The currently proposed

diagnostic criteria include enlarged or hypertrophic organs,

elevated serum IgG4 levels, and pathological findings [41]. A

definitive diagnosis requires that all criteria are met, whereas a

probable diagnosis is considered when the clinical and

histopathological criteria are met.

4.1. Clinical suspicion

Most patients with IgG4-RD present with the disease

subacutely. The clinical manifestations of IgG4-RD depend on

the pattern of organ involvement and the severity of disease

activity. IgG4-RD typically affects middle-aged to elderly men;

however, the sex-ratio of patients with IgG4-RD of the head and

neck region is roughly equal [1,69]. Moreover, patients with

IgG4-RD generally show persistent swelling (>3 months) of

the affected organ, such as the submandibular gland, lacrimal

gland, and lymph node, or show mass-forming lesions,

including those in the sinonasal sinuses or laryngopharyngeal

subsites. The proposed diagnostic algorithm for IgG4-RD in the

head and neck region is shown in Fig. 2.

4.2. Serological findings

Although most patients with IgG4-RD exhibit elevated

serum IgG4 concentrations, this parameter is neither suffi-

ciently sensitive nor specific for diagnosis [70]. Normal serum

IgG4 concentrations are noted in 3–30% of IgG4-RD patients

[71], particularly in those with single-organ disease. However,

elevated serum IgG4 concentrations are also noted in patients

with various other disorders, including atopic dermatitis,

pemphigus, asthma, and multicentric Castleman’s disease

[41,70]. Hence, serum IgG4 concentrations may be useful for

screening, but cannot be used as the sole diagnostic marker.

Most patients with IgG4-RD can often be identified based on

the high serum IgG4 concentrations, and can then be diagnosed

in combination with other diagnostic components such as

imaging and histological examination. The degree of serum

IgG4 elevation tends to correlate with the number of organs

involved and a higher serum concentration is associated with a

greater number of organs involved [70].



Fig. 2. The diagnosis of IgG4-related disease is made on the basis of clinical

imaging, serological, and pathological findings. The proposed diagnostic

criteria include enlarged or hypertrophic organs, elevated serum levels of IgG4

(>135 mg/dL), and pathological findings (infiltration of IgG4-positive

plasmacytes and specific findings such as fibrosis).
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Elevated C-reactive protein levels, hypergammaglobuline-

mia, serum positive antinuclear antibody, rheumatoid factor,

and soluble interleukin-2 receptor are often detected in patients

with IgG4-RD [1,69,72]. Peripheral eosinophilia and elevated

serum IgE levels are also often observed among patients with

this disease [42,73]. A recent study indicated that the levels of

circulating plasmablasts are elevated in active IgG4-RD and in

patients with normal serum IgG4 concentrations; hence,

plasmablasts could serve as a useful biomarker for diagnosis

[74].

4.3. Imaging findings

Since IgG4-RD frequently presents with organ enlargement

and massive lesions, imaging can be useful in diagnosing
Fig. 3. Axial fused PET/CT image of a patient with biopsy-proven IgG4-related dis

glands, and pancreas.
whether the component is malignant, and is usually employed

as the main modality for differential diagnosis. On computed

tomography (CT), the organ affected by IgG4-RD frequently

exhibits organ enlargement or frank pseudotumors. On T2-

weighted MRI, IgG4-RD lesions usually exhibit low signal

intensity [75]. However, these imaging examinations do not

provide specific findings for IgG4-RD. 18F-fluorodeoxyglucose

positron emission tomography (FDG-PET)/CT may be useful

for staging patients with IgG4-RD, for evaluating their response

to treatment, and for targeting specific biopsy sites [76,77]. Be-

cause tissue infiltration by inflammatory cells and lymphocytes

is associated with an increased uptake of 18F-FDG by patients

with IgG4-RD [76], 18F-FDG-PET/CT imaging enables

diagnosis by indicating a characteristic pattern of organ

involvement (Fig. 3). Moreover, 18F-FDG uptake by the parotid

glands was observed in patients with abundant IgG4-positive

plasma cell infiltration into the labial salivary gland tissue

[72]. An increased uptake of 18F-FDG by the parotid gland may

be associated with IgG4-RD activity in all the major and minor

salivary glands.

4.4. Histopathological findings

Histopathology is a hallmark in the diagnosis of IgG4-RD,

with central pathological features such as lymphoplasmacytic

tissue infiltration of dominant IgG4-positive plasma cells,

accompanied by fibrosis, obliterative phlebitis, and dacryoa-

denitis (Fig. 4) [40]. Tissue biopsy of the affected organ is the

gold standard for the diagnosis of IgG4-RD [4], and a rigorous

histopathological examination is necessary to confirm the

diagnosis, particularly in cases of malignant disease. The

hallmark characteristics of IgG4-RD include tissue infiltration

by numerous IgG4-positive plasma cells [1–4]; however, these

cells are also found in other inflammatory and malignant

disorders [40,41,77]. Hence, IgG4-RD should not be diagnosed

based on infiltration by IgG4-positive cells alone. In the head
ease. Increased uptake 18F-FDG in the bilateral submandibular glands, lacrimal



Fig. 4. (A) Hematoxylin and eosin staining and (B) immunostaining for IgG4 in submandibular gland (SMG) biopsy specimens obtained from patients with IgG4-

related disease (A, B; magnification �100). Extensive infiltration by inflammatory cells (lymphocytes and plasma cells) is evident, and the infiltration of IgG4-postive

plasma cells is observed in SMG specimens. An irregularly whorled pattern of fibrosis, so-called ‘‘storiform fibrosis,’’ may be observed in SMG.
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and neck region, submandibular gland (SMG) or labial salivary

gland (LSG) biopsies are generally performed in cases with

possible IgG4-RD to achieve an accurate definitive and

differential diagnosis. However, an SMG biopsy may be more

invasive and has been associated with greater complications, as

compared to an LSG biopsy, which is a minimally invasive and

convenient procedure for obtaining tissues for diagnostic

analysis. There are 3 major pathological features: (1)

lymphoplasmacytic infiltration, (2) fibrosis arranged at least

focally in a storiform pattern, and (3) obliterative phlebitis

[40]. Although the first 2 features are thought to be present in

most cases, LSG fibrosis is inconspicuous or absent in most

cases of IgG4-RD, whereas LSG tissue infiltration by IgG4-

positive plasma cells is observed in <60% of patients with

IgG4-RD [78,79]. LSG biopsy is a minimally invasive and a

convenient procedure; however, its sensitivity for the diagnosis

of IgG4-RD is very low [78,79]. Moreover, based on the

findings of a case of marginal zone B-cell lymphoma that

produced IgG4 [80,81], a western blot analysis of immuno-

globulin heavy-chain gene rearrangement is recommended and

a certain amount of tissue volume is needed for diagnosis.

Therefore, SMG biopsy is recommended to achieve an accurate

diagnosis of IgG4-RD and to exclude the possibility of

malignant diseases. Moreover, SMG biopsy may be used for

diagnosis in cases with possible type-1 AIP with sialadenitis

involvement [82].
Table 2
Differential diagnosis of IgG4-related disease in the head and neck region.

A. Diseases to be excluded or differentiated

Malignant disease Cancer, malignant lymphoma

Mimicking disease Sjögren syndrome (SS), multicentric C

B. Not IgG4-RD associated with elevated serum IgG4 Levels

SS, MCD, hypereosinophilic syndrome, Behçet disease, asthma, AAV, cancer, he

C. Not IgG4-RD associated with tissue infiltration by IgG4-positive cells

Inflammatory/infectious disease AAV, chronic rhinosinusitis, mastoiditis,

disease)

Lymphoma Extranodal marginal zone B-cell lympho

Cancer IgG4-positive cell infiltration was found
4.5. Differential diagnosis

The differentiation of IgG4-RD from not only malignant

diseases but also common conditions mimicking IgG4-RD is

important (Table 2). In the head and neck region, it is essential

to exclude common conditions mimicking IgG4-RD, including

head and neck cancer, metastatic cancer, malignant lymphoma,

granulomatosis with polyangiitis (Wegener’s), eosinophilic

granulomatosis with polyangiitis (Churg-Strauss syndrome),

and multicentric Castleman’s disease, because extensive IgG4-

positive plasma cell infiltration has been described in these

conditions [77,83,84]. Although these conditions lack the

characteristic histopathological features of IgG4-RD such as

storiform fibrosis and obliterative phlebitis [40], the clinico-

pathologic correlation is always important. The differential

diagnosis of patients with suspected IgG4-RD in the head and

neck region, associated with elevated serum IgG4 concentra-

tions and/or tissue infiltration by IgG4-positive cells, is

illustrated in Table 2.

5. Treatment and prognosis

IgG4-RD is primarily treated with systemic corticosteroids.

However, no randomized clinical trials or formal treatment

guidelines for IgG4-RD have been established. The use of early

intervention to prevent complications related to progressive
astleman’s disease (MCD), ANCA associated vasculitis (AAV), Sarcoidosis

althy individuals

 Epstein–Barr virus related lymphadenopathy, histiocytosis (Rosai–Dorfman

ma, follicular lymphoma, angioimmunoblastic lymphoma

 in cancer tissue as well as regional lymph nodes



Fig. 5. Treatment protocol for IgG4-related disease.
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fibrosis in the salivary glands has also been reported [85]. The

treatment protocol of our institution is illustrated in

Fig. 5. Initiation of treatment with prednisone at 0.6 mg/kg/

day is appropriate for single organ failure, but should be

increased to 1.0 mg/kg/day for multiple organ failure

[1,5]. Prednisone is continued at the initial dose for 2–4

weeks, followed by a tapering of the dose by 10% at 2-week

intervals. The treatment led to rapid improvements in glandular

swelling, and gland secretion also gradually increased with

treatment. Maintaining the prednisone dose at 5–10 mg/day is

recommended due to the high relapse rate of IgG4-RD.

Approximately 50% of the relapse patients with IgG4-RD

present with lesions in other organ systems [86]. However, not

all manifestations of IgG4-RD require immediate treatment;

instead, a ‘‘watchful and waiting’’ approach is often appropriate

in certain cases, such as patients with asymptomatic

lymphadenopathy or mild submandibular glandular swelling.

Although conventional steroid-sparing agents such as

azathioprine, mycophenolate mofetil, 6-mercaptopurine, meth-

otrexate, tacrolimus, and cyclophosphamide have all been used

[4,71], the efficacies of these agents have not been

prospectively assessed, and the evidence for their efficacy is

poor. Rituximab (RTX), an anti-CD20 antibody, has been

shown to be effective in inducing remission and achieving

steroid-sparing effects, and has been frequently used since its

first related report in 2010 [87]. Carruthers et al. [88] conducted

a prospective open-label trial of RTX, and reported on its

efficacy as induction therapy for IgG4-RD without short-term

glucocorticoid use. Yamamoto et al. [89] reported on the

outcomes of long-term treatment with RTX in IgG4-RD

patients, and suggested that RTX should be indicated in cases

with a definitive diagnosis on histological examination, having

a younger age, and wherein increasing the glucocorticoid dose

is difficult due to complications. In other patients, 1 or

2 administrations of RTX would not induce or maintain

complete remission of IgG4-RD, whereas some others would

present with fading of the RTX effect [89]. Although the

polyclonal populations of lymphocytes and plasma cells

increase, these increases are not etiologic, but are instead the

result of other types of stimulation; hence, the RTX may serve

as an effective treatment mechanism.

The surgical approach may be an option for IgG4-RD

involvement; for example, some cases with orbital diseases,
such as highly fibrotic orbital pseudotumors, are more

amenable to surgical interventions than to medical therapy

[71]. Moreover, submandibular resection in patients with IgG4-

RD has been shown to lead to the spontaneous disappearance of

lung lesions [90].

Even with the use of glucocorticoid maintenance therapy,

relapses of IgG4-RD are not uncommon. Our data showed that

the clinical remission rate was 73.8% and annual relapse rate

was 11.5%; moreover, 50% of the cases experienced relapses

within 7 years of the initial treatment [69]. In the case of disease

relapse, the corticosteroid dose needs to be increased or another

immunosuppressants need to be administered. Although the

prognosis of patients with IgG4-RD is good, the incidence of

cancer development within 3 years of IgG4-RD diagnosis is

higher in the general population [91]. The cause for this

association remains unclear, and careful patient follow-up is

needed.

6. Pathogenesis

Although the pathophysiological mechanisms driving IgG4-

RD remain unclear, an antigen-driven inflammatory condition

or infection has been suggested, based on the features of this

disease, including the chronic clinic course, effectiveness of

steroid treatment, specific organ involvement, and common

histopathological features shared by different unrelated organs.

Elevated serum IgG4 concentrations, based on which IgG4-RD

was named, is a distinctive feature of this disease. Nevertheless,

IgG4 itself is not considered as a disease driver, because it is

traditionally believed to be non-inflammatory, and its primary

function is the inhibition rather than the induction of chronic

immune activation; moreover, elevated serum IgG4 concentra-

tions have been found in other allergic conditions [2–

4]. However, Shiokawa et al. recently reported that the

injection of IgGs from IgG4-RD patients, but not control

subjects, into neonatal mice led to the induction of pancreatic

and salivary gland injuries [92]. Although this finding may

improve our understanding of the pathogenic role of IgG4

antibodies in this disease, additional research is required to

further elucidate its role in IgG4-RD.

The central role of B-lymphocytes in the pathogenesis of

IgG4-RD is reportedly important because of the abundant

infiltration of IgG4-positive plasma cells into the affected organ

and the effectiveness of treatment with B-cell depletion by

RTX. Recent studies have shown that the levels of circulating

plasmablasts, CD19+CD20�CD27+CD38+, were found to be

increased in IgG4-RD patients [74,93]. These cells imply a

stage of B-lymphocyte development between activated B cells

and plasma cells, as well as oligoclonal expansion and somatic

hypermutation, indicating the presence of an immune response

to a common antigen [94].

IgG4-RD has been proposed to involve a Th2/T regulatory-

driven condition [95,96]. The production of Th2 cytokines

(IL-4 and IL-13) and Treg cytokines (IL-10 and TGF-b) has

been observed in affected tissue [95,96]. IL-13 and TGF-b

reportedly induce the deposition of the extracellular matrix by

activating fibroblasts; however, IL-4 and IL-10 are considered

the major inducers of IgG4 class switching in naive B
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lymphocytes [95]. Moreover, the infiltration of cytotoxic T

lymphocytes (CTLs) was found to be similar in IgG4-DS and

SS, although the features differed, including the presence of

cytotoxic granules and higher expression of programmed

death-1 in IgG4-DS [97]. A more recent study showed that the

clonal expansion of CD4+CTLs, which secrete interferon-

gamma, TGF-b, and IL-1b, and their infiltration into tissue in

IgG4-DS, may be associated with the pathogenesis of IgG4-DS

[98,99]. However, the reactivation of CD4+CTLs may require

antigen presentation by plasmablasts or other activated B cells

in the affected lesion, and the activated CD4+CTLs may then

contribute to fibrosis by activating macrophages and fibroblasts

and to inflammation via cytokine secretion or induction of cell

apoptosis [99].

T cells may also contribute to IgG4-RD pathogenesis

through dysregulated follicular T helper cell (Tfh) activity. The

number of circulating Tfh2 cells is increased in the peripheral

blood of patients with IgG4-RD, in correlation with elevated

serum IgG4 levels and the number of plasmablasts [100]; these

Tfh2 cells induce the differentiation of naı̈ve B cells into

plasmablasts and the production of IgG4 in patients with IgG4-

RD, and may also be correlated with IgG4-RD disease activity
Fig. 6. Schematic pathogenic mo
[101]. In contrast, the elevated mRNA levels of IL-21, which is

secreted from Tfh or Th2 cells, have been linked to ectopic

germinal centers within lacrimal and salivary glands, derived

from patients with IgG4-DS [102]. IL-21 is thought to induce

the class switching of IgG4, in correlation with IL-4 and IL-10.

Epithelial cell-derived cytokines, including thymic stromal

lymphopoietin, IL-25, and IL-33, can control immune cells,

such as dendritic cells and T cells, and can thus act as ‘‘master

switches’’ for allergic inflammatory diseases. These epithelial

cell-derived cytokines may also induce Th2-dominant immune

responses in IgG4-RD.

Recent studies have highlighted not only the T-cell-driven

model, but have also described the involvement of innate

immunity. Activated macrophages are known to contribute to

fibrosis in IgG4-RD by secreting profibrotic factors such as

TGF-b and the platelet-derived growth factor [103]. Indeed, a

correlation has been observed between CD163+ M2 macro-

phage infiltration and the amount of tissue fibrosis in biopsies of

patients with IgG4-DS [104]. Toll-like receptors and nucleo-

tide-binding oligomerization domain-like receptors on macro-

phages may lead to class-switch recombination via B-cell

activating factor, and may lead to the further activation and
del of IgG4-related disease.
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proliferation of IgG4-positive B-cells [105]. The assumed

pathogenic mechanisms in this disease are summarized in

Fig. 6.

7. Conclusion

IgG4-RD was only recognized at the start of the 21st

century, but has been identified in nearly every organ system,

including the head and neck region. Examination for systemic

organ failure and screening for underlying malignant diseases

are important in caring for patients with this systemic

fibroinflammatory disorder. Although novel manifestations of

IgG4-RD continue to be reported, the pathophysiology of this

disease remains unclear. Therefore, we need to conduct further

research regarding the epidemiology, pathophysiology, diag-

nosis, and effective treatment of IgG4-RD.
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