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A B S T R A C T

The pathophysiology of immunoglobulin G4-related disease (IgG4-RD) and its most common manifestations,
IgG4-associated (sclerosing) cholangitis and autoimmune pancreatitis, remains largely unknown, but IgG4 is
presumably involved. IgG4 is a promiscuous antibody, which could be directly pathogenic, fulfill a protective
role, or could just be a fortuitous marker of an aberrant inflammatory response. IgG4 antibodies possess ex-
clusive structural and functional characteristics suggesting anti-inflammatory and tolerance-inducing effects. By
studying the role of IgG4 in other inflammatory conditions, namely hypersensitivity and allergies, autoimmune
and immune-mediated diseases, infections and malignancies, new insights can be obtained increasing our un-
derstanding of the role of IgG4 antibodies in IgG4-RD. Beekeepers, animal laboratory workers and individuals
undergoing allergen immunotherapy possess high serum levels of allergen-specific IgG4, which exhibit im-
munosuppressive functions, protecting the individual from anaphylactic reactions. In autoimmune/immune-
mediated diseases, such as pemphigus vulgaris, pemphigus foliaceus and MuSK-myasthenia gravis, IgG4 auto-
antibodies are pathogenic. Regarding malignancies such as melanoma and cholangiocarcinoma or helminthic
infections, IgG4 antibodies inhibit clearance of tumor cells or the invader, respectively. Translating these
findings to IgG4-RD, IgG4 alone can implement pathogenic effects and structural damage, but may also function
as a protective antibody dampening the more harmful effects of IgG1 when directed against the same epitopes.
This article is part of a Special Issue entitled: Cholangiocytes in Health and Disease edited by Jesus Banales,
Marco Marzioni, Nicholas LaRusso and Peter Jansen.

1. Background: IgG4-related disease of the biliary tract and
pancreas

Immunoglobulin G4-related disease (IgG4-RD) is a recently defined
immune-mediated disorder of unknown cause [1,2]. Most commonly
involved localizations include the pancreas (autoimmune pancreatitis
type 1, AIP), biliary tract (IgG4-associated [sclerosing] cholangitis, IAC)
and salivary glands, but also the hypophysis, lacrimal glands, orbita,
thyroid, mediastinum, lymph nodes, lungs, aorta, retroperitoneum,
kidneys, prostate, and testis may be affected. Still, novel organ mani-
festations are being described sharing the histopathological features
characteristic for IgG4-RD: affected organs typically exhibit prominent
infiltrates of lymphoplasmacytic cells including high numbers of IgG4-
producing (IgG4+) B and plasma cells, together with storiform fibrosis,
obliterative phlebitis and eosinophilia [3]. Correct diagnosis is

frequently delayed or missed, since IgG4-RD may mimic other in-
flammatory diseases, but also solid and hematopoietic malignancies.
This holds particularly true for the diagnosis of IAC and AIP, due to
their heterogeneity in clinical presentation and the lack of a highly
sensitive and specific diagnostic test in the past. IAC and AIP can mimic
cholangiocarcinoma and pancreatic carcinoma, respectively, upon
imaging adding a level of complexity to the diagnosis [4,5]. Re-
presentative histological biopsies are often difficult to obtain and not
without risk of complications. Meanwhile, novel accurate non-invasive
diagnostic tests for the diagnosis of IgG4-RD of the biliary tract and
pancreas (and possibly other organ manifestations), which showed
better diagnostic performance than IgG4 serum levels, are within reach
[6,7]. The markers used in these accurate diagnostic tests may even-
tually be incorporated in the existing criteria for the diagnosis of IgG4-
RD, which combine clinical, serological, radiographic and histological
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parameters [8,9,10]. Once correctly diagnosed, patients with IgG4-RD
quickly respond to moderate doses of corticosteroid treatment and
(fibro)inflammatory lesions often completely dissolve [11]. In order to
keep patients with AIP in remission and prevent relapses, long-term
low-dose corticosteroid treatment (5–7.5 mg predniso(lo)ne/day) has
proven to be beneficial [12]. Nevertheless, a quarter of the patients
showed flares of the disease within a period of three years after start of
treatment, requiring additional immunosuppressive therapy. Therefore,
corticosteroid sparing agents such as azathioprine for maintenance
treatment are also widely used [13].

Patients with AIP and IAC are mostly (> 80%) elderly men suf-
fering from obstructive jaundice with or without itch, weight loss and
sometimes abdominal complaints and diarrhea. Findings during diag-
nostic work-up suggestive of IgG4-RD include high serum IgG4 levels
(serological), lymphoplasmacytic infiltrate, storiform fibrosis and ob-
literative phlebitis (histological), narrowing of the pancreatic duct and
pancreatic enlargement (radiological) in AIP, cholangiographic findings
mimicking primary or secondary sclerosing cholangitis or cholangio-
carcinoma (CCA) in IAC, and a good response to corticosteroid therapy
[14]. Elevated serum IgG4 is characteristic, but neither very sensitive
nor specific for AIP and IAC, helping to distinguish AIP/IAC from other
pancreatic and biliary disorders [15,16,17]. Notably, in patients with
AIP, pathological changes in combination with infiltration of IgG4+
plasma cells, which are sensitive to corticosteroid therapy, can also be
seen in liver biopsies suggesting additional IAC [18].

IAC, the hepatobiliary manifestation of IgG4-RD, is characterized by
IgG4-positive lymphoplasmacytic infiltration of the biliary tract. Yet,
IgG4 serum levels when< 4× the upper limit of normal cannot ac-
curately distinguish between IAC and its mimics, CCA or primary
sclerosing cholangitis (PSC), as a fraction of CCA and PSC patients also
have elevated IgG4 serum levels [4]. Thus, IAC is diagnosed based on a
combination of clinical, biochemical, histological and imaging findings
[9]. As seen in other cholestatic disorders, alkaline phosphatase and γ-
glutamyltransferase are elevated in the majority of IAC patients [19].
Also serum bilirubin levels are often higher at first presentation when
compared to patients with PSC20. The extrahepatic bile duct walls are
thickened due to fibrosis and inflammation as can be seen by transab-
dominal or endoscopic ultrasound or computed tomography. Magnetic
resonance cholangiography (MRC) or endoscopic retrograde cho-
langiography (ERC) are of critical importance for the diagnosis of IAC,
but are unable to distinguish IAC from PSC or CCA alone [5]. IAC
predominantly, but not exclusively affects large and medium-sized bile
ducts, whereas PSC can also affect smaller intrahepatic bile ducts (the
extreme being ‘small-duct PSC’, a difficult diagnosis based on histolo-
gical findings of onion-skin biliary fibrosis only in the presence of a
normal cholangiogram), making it in some cases possible to exploit
differences upon radiological imaging to differentiate between IAC and
PSC [20]. MRC and ERC in IAC patients typically show biliary stric-
tures, which can be classified into 4 types: stenosis of the lower part of
the common bile duct (CBD) alone (type I), stenosis throughout the
intra- and extrahepatic bile ducts (type II), stenosis of the hilar region of
the biliary tree and of the lower part of the CBD (type III), stenosis of
the hilar region of the biliary tree alone (type IV) [21,22,23]. IAC type I
can resemble pancreatic cancer, whereas IAC type II can resemble PSC
and IAC type III and IV can resemble CCA leading to potential mis-
diagnosis. Intraductal ultrasonography may confirm thickening of the
intra- and extrahepatic bile duct wall [24]. As IAC is most often ac-
companied by AIP, radiological findings characteristic for AIP, such as
enlargement of the pancreas, stenosis of the main pancreatic duct and,
exceptionally, even pancreatic stone formation (authors' experience)
may contribute to identifying IAC [25]. Histology of pancreatic, biliary
or even liver tissue may reveal lymphoplasmacytic infiltrate including
(IgG4+) plasma cells and eosinophil granulocytes, storiform fibrosis
and obliterative phlebitis typical for IgG4-RD [24,25,26]. Phlebitis is
specifically seen in the adventitial layer of the affected veins [27]. A
minimum of 10 IgG4+ cells per HPF (high-power field) upon

immunohistochemical staining of bile duct specimens is required for the
diagnosis of IAC [25,26].

IgG4-RD can be a challenging disease to identify and extra caution is
required for the organ-specific manifestations IAC and AIP. By in-
troduction of a novel costly and labour intensive next generation se-
quencing technique for detection of IgG4+ B cell receptor clones and,
subsequently, an affordable, simple IgG4/IgG RNA qPCR technique, we
were recently able to propose novel accurate non-invasive diagnostic
tests for the diagnosis of IgG4-RD of the biliary tract and pancreas su-
perior to IgG4 serum levels [6,7]. These accurate markers may even-
tually be incorporated in the existing criteria for the diagnosis of IgG4-
RD of the biliary tract and pancreas, but possibly also other organ
manifestations of IgG4-RD.

Most relevant for the understanding of IgG4-RD and its hepato-
biliary and pancreatic manifestations, IAC and AIP, is that the role of
IgG4 within IgG4-RD is yet to be defined (i.e. pathogenic, protective or
a marker of an aberrant inflammatory response). Here, we analyzed the
role of IgG4 in other inflammatory conditions, namely hypersensitivity
and allergies, autoimmune and immune-mediated diseases, infections
and malignancies to obtain more insight into the potential function(s)
of IgG4 within IgG4-RD and specifically IAC and AIP.

2. Characteristics of IgG4 antibodies

Unlike other immunoglobulin isotypes and IgG subclasses, IgG4
antibodies possess certain exclusive structural and functional char-
acteristics suggesting anti-inflammatory and tolerance-inducing effects.
In serum of healthy individuals, IgG4 antibodies comprise the smallest
fraction (< 5%) of IgG antibodies. The IgG4 molecule is composed of
two heavy chains (~50 kD) and two light chains (~25 kD) paired to-
gether (Fig. 1A). The heavy chain consists of three IgG4 specific con-
stant domains (CH1, CH2, CH3) and one variable domain (VH), whereas
the light chain has one constant domain (CL) and one variable domain
(VL). The light chain can be classified as either kappa or lambda type
based on small peptide sequence differences. The variable domains of
the heavy (VH) and light chain (VL), with the attached CL and CH1
domains, form the ‘fragment antigen-binding region’ (Fab-region),
which is highly specific for one epitope. The molecule contains 12 intra-
heavy chain disulfide bridges, two disulfide bonds linking the heavy
and light chains, and two inter-heavy chain disulfide bonds in the hinge
(Fig. 1A) [28,29].

Due to one amino acid difference between IgG4 and IgG1 at position
228 in the hinge region (serine instead of proline), the two inter-heavy
chain disulfide bonds of IgG4 are unstable and may form two intra-
heavy chain bonds instead (Fig. 1B) [28,29]. Also, IgG4 and IgG1 differ
at amino acid residue 409 (arginine instead of lysine), weakening the
non-covalent interactions between the two CH3 domains in IgG4 [30].
Due to these structural characteristics the IgG4 heavy chains may dis-
sociate into two half molecules (i.e. a heavy- and light-chain) and form
new molecules with another IgG4 half-molecule (Fig. 1C) [31]. This
unique property, frequently referred to as “Fab-arm exchange”, results
in bispecific antibodies with two antigen-binding sites, which render
the IgG4 antibody functionally monovalent and interfere with its ability
to form large immune complexes.

The fragment crystallizable region (Fc-region) of the antibody,
consisting of two identical CH2 and CH3 domains, provides a binding
site for endogenous Fc-gamma receptors. However, IgG4 antibodies
show little binding to activating receptors (except for FcγRI) on effector
cells. Besides this, IgG4 antibodies have the tendency to interact with
other immunoglobulins, acting in a fashion similar to rheumatoid factor
antibodies. Furthermore, IgG4 antibodies are incapable of activating
the classical complement pathway because of their low affinity for C1q
[32]. IgG4 antibodies are even capable of effectively inhibiting the
binding of C1q to IgG1 antibodies and thus protecting against the
biological effects of the complement-fixing IgG1 subclass.
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3. IgG4 in allergies and hypersensitivities

IgG4 has been extensively studied in models of chronic allergen
exposure. In beekeepers naturally exposed to bee venom, high levels of
bee venom-specific IgG4 are found to play a protective role against
severe hypersensitivity reactions triggered by the bee venom allergen
phospholipase A2 (PLA2) [33,34]. This is in contrast to the situation in
bee-venom allergic individuals that exhibit high titers of PLA2-specific
IgE and are at risk of IgE-mediated anaphylaxis when stung. Sera from
tolerant beekeepers show 1000-fold lower PLA-specific IgE/IgG4 ratios

than sera from allergic subjects [35]. Within days after start of the
beekeeping season, Interleukin (IL)-10 producing PLA2-specific reg-
ulatory T cells (Tregs) are induced in tolerant beekeepers upon high
dose exposure to bee venom [36]. IL-10 is crucial for induction of
peripheral tolerance and has several anti-inflammatory effects, in-
cluding suppression of pro-inflammatory T helper type 2 (Th2) cells and
other effector cells of allergic inflammation, such as mast cells, baso-
phils and eosinophils [37]. Also, IL-10 decreases production of allergen-
specific IgE, while enhancing the production of allergen-specific IgG4
[38,39].

Fig. 1. Structure of IgG4 antibody and Fab-arm exchange. Inter- and intra-chain disulfide bonds give structure to IgG4. Switch of inter-chain disulfide bonds to intra-chain disulfide bonds
at amino acids Ser-228 and Arg-409 cause Fab-arms of IgG4 to split [31].

Fig. 2. The role of IgG4 in allergen exposure. While acute allergen exposure (A) may lead to IgE-mediated histamine-induced hypersensitivity reactions, chronic allergen exposure (B)
may induce IgG4 formation and allergen binding by IgG4, thereby preventing hypersensitivity reactions and inducing allergen tolerance.
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Although several therapies exist to treat symptoms of allergic pa-
tients, the only curative treatment is allergen immunotherapy (AIT). By
administration of increasing amounts of allergen, natural immune tol-
erance is induced. In line with responses in tolerant beekeepers upon
high dose bee venom exposure, expansion of IgG4-switched PLA-spe-
cific memory B cells and increasing levels of PLA2-specific IgG4 without
relevant change of total serum IgG4 are observed in successfully de-
sensitized allergic individuals [40].

Similar to naturally exposed beekeepers and desensitized in-
dividuals with bee venom allergy, increased IgG4-specific antibodies
correlate with allergen tolerance and can be measured in tolerant an-
imal laboratory workers chronically exposed to rodent allergens
[41,42] and in individuals undergoing AIT for severe allergies, in-
cluding wasp, cat, house dust mite and birch pollen allergies [1,4]. IgG4
are thought to exert their anti-inflammatory effect through competitive
binding with IgE to the allergen, thereby preventing formation of IgE
immune complexes and IgE-mediated activation of mast cells. Me-
chanisms for allergen tolerance compared to immediate hypersensi-
tivity reactions and the role of IgG4 are shown in Fig. 2.

4. IgG4 in autoimmune and immune-mediated diseases

In various autoimmune and immune-mediated diseases specific
IgG4 antibodies have been identified. Often, the role of IgG4 in the
inflammatory process remained unclear. However, in some auto-
immune and immune-mediated diseases specific IgG4 antibodies have
been shown to cause harm, including pemphigus vulgaris, pemphigus
foliaceus and MuSK-myasthenia gravis. The role of IgG4 in these dis-
eases as well as in bullous pemphigoid and idiopathic membranous
glomerulonephritis will be discussed.

4.1. Pemphigus

Pemphigus is a family of autoimmune blistering disorders of the
skin and mucous membranes. In pemphigus vulgaris (PV) and pem-
phigus foliaceus (PF) autoantibodies predominantly of the IgG4 subtype
target desmogleins 1 and/or 3 [43,44]. The fraction of desmoglein-
specific IgG4 in total serum IgG4 seems to differ strongly between pa-
tients, and total serum IgG4 mostly seem to be normal. Desmogleins are
cell adhesion molecules and components of desmosomes, which are
protein linkage structures that keep adjacent epidermal cells physically
connected to each other. In pemphigus these linkage structures are
masked by IgG4 autoantibodies, causing the epidermal cells to detach
from each other, and as a consequence intra-epidermal blistering is
thought to occur. The pathogenic role of IgG4 autoantibodies in the
pathogenesis of pemphigus was established by passively transferring
IgG4 autoantibodies from patients with PF to BALB/c mice, in which
blistering and histological features consistent with pemphigus were
reproduced [44,45,46,47]. Notably, Fab fragments, derived by pepsin
cleavage, were even more potent in causing disease than the full IgG4
antibody, suggesting that Fc-receptor mediated effector functions and
complement activation did not directly contribute to the pathogenesis
at least in BALB/c mice [48]. Furthermore, the pathogenic potential of
desmoglein-reactive autoantibodies seems to be dependent on specific
epitope-binding, since both pathogenic and non-pathogenic desmo-
glein-reactive antibodies have been found in patients with PV and PF
[49,50]. A schematic representation of the role of IgG4 autoantibodies
in pemphigus is shown in Fig. 3.

4.2. MuSK-myasthenia gravis (MuSK-MG)

Myasthenia gravis (MG) is an autoimmune disease affecting the
neuromuscular junction and can be further classified depending on the
antigen specificity of the autoantibodies in question. Acetylcholine re-
ceptor-MG (AChR-MG) is the most common subtype covering about
80% of MG, and is characterized by autoantibodies against the

acetylcholine receptor (AChR). Muscle-specific kinase (MuSK) MG is a
distinct form of MG in which autoantibodies target MuSK. Normally,
MuSK ensures the maintenance of the neuromuscular junction through
clustering of AChRs on the postsynaptic membrane (Fig. 4). Due to
defective MuSK function, MuSK-MG patients suffer from impaired
transduction of acetylcholine-mediated synaptic action potentials,
leading to typical MG symptoms, such as muscle weakness.

The pathogenic autoantibodies in MuSK-MG, in contrast to AChR-
MG, are of the IgG4 subtype and correlate with disease severity [51].
Notably, it has been recorded that a switch in dominance from IgG4
anti-MuSK autoantibodies to IgG1 anti-MuSK autoantibodies results in a
significant decrease in disease severity, suggesting that primarily IgG4
anti-MuSK are responsible for inhibition/depletion of MuSK and the
clinical symptoms observed in MuSK-MG patients [51]. The pathogenic
role of IgG4 autoantibodies in the pathogenesis of MuSK-MG was es-
tablished by passively transferring purified IgG4, in comparison to
IgG1-3, from MuSK-MG patients to NOD/SCID mice, in which char-
acteristics consistent with MuSK-MG were reproduced, such as reduc-
tion of postsynaptic acetylcholine sensitivity, and exaggerated depres-
sion of presynaptic acetylcholine release during high-rate activity,
together causing muscle weakness [52]. In more detail, MuSK anti-
bodies have been shown to block binding of low-density lipoprotein
receptor-related protein 4 (Lrp4) to MuSK, thereby inhibiting Agrin-
stimulated MuSK phosphorylation (Fig. 4) [53,54]. It is thought that
this inhibitory mechanism directly disrupts the structure of the synapse
and impairs the synaptic transmission, in contrast to the complement-
mediated destruction of the neuromuscular junction observed in AChR-
MG [55,56]. Even though IgG1-3 aren't able to block the binding of
Lrp4 to MuSK, this fraction is capable of inhibiting agrin-induced AChR
clustering in C2C12 cells [54]. Alongside this, it has previously been
reported that anti-MuSK autoantibodies block the anchoring of the
acetylcholinesterase (AChE)/collagen Q (ColQ) complex to MuSK
causing partial endplate AChE deficiency [57]. Surprisingly, further
research has revealed that the AChE/ColQ complex is also able to block
the binding of Lrp4 to MuSK, however not to the same extent as anti-
MuSK IgG4 autoantibodies are able to [58]. In fact, it has recently been
demonstrated that anti-MuSK IgG4 autoantibodies in MuSK-MG pa-
tients undergo Fab-arm exchange and that both, the mono- and bivalent
autoantibodies are pathogenic [59]. Thus, anti-MuSK autoantibodies of
the IgG4 subtype seem to be the driving cause of pathology observed in
MuSK-MG patients, whilst other contributors seem to play a minor role.

4.3. Bullous pemphigoid (BP) and idiopathic membranous
glomerulonephritis (iMGN)

In other autoimmune/immune-mediated diseases, such as bullous
pemphigoid (BP) and idiopathic membranous glomerulonephritis
(iMGN), the pathogenic role of IgG4 remains less clear [60,61,62].
Notably, early stages of both BP and iMGN are dominated by IgG1
autoantibodies, whereas IgG4 autoantibodies dominate later disease
stages. Moreover, complement activation is present at the site of disease
suggesting that complement activating antibodies such as IgG1 may
play a significant role in these diseases alongside IgG4 [60,61,62].

5. IgG4 in helminthic infections

IgG4 deficient individuals are a rarity and have been described to be
more prone to infections, especially (bacterial) infections of the re-
spiratory tract, urinary tract and skin [63,64].

In helminthic infections, IgG4 is mostly upregulated – as in IgG4-RD
- and a strong correlation has been demonstrated for elevated IgG4
serum levels and the presence of helminthic infections [65]. Generally,
three types of immune responses have been described after exposure to
helminths [65]: individuals who presented with a clinically active
disease showed an uncontrolled T helper type 1 (Th1) cell response,
which was associated with relatively high IgE serum levels. A subset of
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people remained free of symptoms and showed a well-balanced Th1/
Th2 cell immune response. Notably, a modified Th2 cell response was
seen in patients suffering from chronic helminthic infections, which was
characterized by high serum levels of IL-10 and IgG4. As IgG4 is “key
player” in the modified Th2 cell response, we will focus here on this
immune response.

In various helminthic infections, such as schistosomiasis, filariasis
and intestinal nematode infections, a protective immune response is

induced, which includes both innate and adaptive immunity [66]. This
response is often referred to as a Th2-type response, which is char-
acterized by upregulation of IL-4 and other Th2-type cytokines, ex-
pansion of CD4+ Th2 cells, plasma cells secreting parasite-specific IgE,
eosinophils, mast cells and basophils. However, parasitic helminths
attempt to evade the host immune response and create a regulatory
environment for long-term survival [67]. Through secretion of different
immune modulators into the system of their host, helminths are able to

Fig. 3. Schematic model for the pathogenesis of pemphigus. Anti-Dsg1 IgG4 and anti-Dsg3 IgG4 antibodies disrupt binding of the intra-epidermal cell adhesion molecules Desmoglein 1
and Desmoglein 3 respectively causing intra-epidermal blistering.

Fig. 4. Schematic model for the pathogenesis of MuSK-MG. Anti-MuSK IgG4 antibodies disrupt MuSK leading to the loss of acetylcholine receptor clustering and subsequent transmission
of action potentials. AChE, acetylcholinesterase; AChR, acetylcholine receptor; LRP4, low density lipoprotein receptor-related protein 4; MuSK, Muscle-specific kinase.
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shape the immune response (Fig. 5). For instance, helminths may di-
rectly or indirectly alter the activity of antigen-presenting cells (APCs)
or interfere with antigen presentation between the APC and the T cell.
This way T cell polarization is skewed toward Tregs, which secrete IL-
10 and TGF-β, while parasite-specific effector T cell populations are
kept in a repressed unresponsive state (T cell hyporesponsiveness), also
known as a modified Th2-response. IL-10 and TGF-β among other cy-
tokines have been discussed to be responsible for the antibody class-
switching towards IgG4. The predominance of IgG4 supports an im-
mune-tolerant environment for helminths by counteracting helminth-
specific IgE responses. Eventually, this may result in a long-term sym-
biotic relationship between the helminth and the host, causing an
asymptomatic carrier state or subclinical chronic infection. Notably, in
human filariasis the IgG4 levels were highest in individuals with an
asymptomatic chronic infection, whereas symptomatic disease was as-
sociated with elevations in IgG1-3, suggesting that helminth-specific
IgG4 in helminth-infected patients reflect a regulatory environment
[68]. Moreover, IgG4 levels in filariasis showed a rapid decrease upon
successful treatment [69,70,71]. Evidence has shown that in the pre-
sence of helminthic infections CD4+ Th2 cells differentiate into CD4+
T follicular helper (Tfh) cells, which are then responsible for the pro-
duction of IL-4 and IL-21 [72,73]. For example, in active and transi-
tional human cystic echinococcosis (CE) infections, the percentage of
circulating Tfh cells and subsequent IL-4, IL21, IgG1 and IgG4 serum
levels are significantly increased, whereas in inactive human CE IgG1
and IgG4 levels are decreased [74].

6. IgG4 in malignancies

The involvement of the immune system in the formation, main-
tenance and progression of malignancies is a topic of growing im-
portance and is particularly under attention in the oncological field
regarding novel immunotherapies in cancer treatment. Increasing evi-
dence suggests that IgG4 plays an important role in the pathophy-
siology of melanoma and possibly also in that of other malignancies
such as cholangiocarcinoma.

In melanoma patients tumour-specific IgG4 serum levels are upre-
gulated. Melanoma cells initiate IgG4 production through a modified
Th2 cell-based inflammatory response characterized by the production
of IL-4 and IL-10 (Fig. 6) [75]. IgG4, which is a weak activator of
macrophages, is incapable of initiating tumour cell death, whilst IgG1,
which is a potent activator of macrophages, is capable of initiating
tumour cell death. When endogenous IgG1 and IgG4 are both present

throughout the tumour mass, IgG4 is capable of blocking the anti-
tumour activity of melanoma-specific IgG1 through competitive
binding [76]. Moreover, IgG4 is capable of binding IgG1 via Fc-Fc in-
teractions [77]. Thus IgG4 antibodies, induced by malignant melano-
cytes, support regulatory mechanisms through which tumours evade a
destructive immune response [75]. Of note, in patients with melanoma,
tumour-specific IgG4 serum levels negatively correlated with survival
rate [78], indicating that IgG4 is a negative prognostic factor especially
in early stage melanoma.

Similarly to melanoma, extrahepatic cholangiocarcinoma is often
accompanied by the infiltration of IgG4+ plasma cells [80]. Intrigu-
ingly, cholangiocarcinoma cells were shown to induce an IgG4 response
by mimicking the function of APCs or Tregs and inducing IL-10 pro-
duction. Possibly, the elicited IgG4 response in cholangiocarcinoma
may serve a purpose comparable to that in melanoma.

7. Perspectives for the role of IgG4 in IgG4-RD

To date, extensive research has been done on the biochemical and
structural characteristics of IgG4. The exact role of IgG4 in IgG4-RD,
however, still is unknown: are IgG4 antibodies pathogenic, do they
fulfill a protective role, or are they a marker and ‘innocent bystander’ of
an aberrant inflammatory response in IgG4-RD? Our short literature
review (see above) on the role of IgG4 in various other immune pro-
cesses teaches us that IgG4 antibodies are capable of regulating immune
responses, which can be either beneficial or disadvantageous for the
host depending on the context. IgG4 is susceptible to manipulation by
other interactants in the immune system, making it a ‘promiscuous’
antibody. In certain situations IgG4 antibodies can be directly patho-
genic. The role of IgG4 is summarized in Fig. 7 for different immune
processes and associated conditions discussed above.

IgG4 fulfills a protective role in beekeepers and animal laboratory
workers by preventing hypersensitivity reactions. This principle is
nowadays exploited in allergic individuals undergoing allergen-specific
immunotherapy to achieve desensitization. Oppositely, IgG4 has been
proven to be directly pathogenic in autoimmune/immune-mediated
diseases, such as pemphigus and MuSK-MG. Finally IgG4 production is
triggered in the presence of parasitic infections or specific malig-
nancies, such as melanoma and cholangiocarcinoma, by helminthes or
tumour cells respectively. These findings show the versatility of IgG4
making it a highly interesting and relevant antibody.

Disease-specific autoantibodies of the IgG4 subtype had not been
identified until most recently in IgG4-RD. Furthermore, affected tissues

Fig. 5. Helminths modulate the host immune response to establish an immune-tolerant environment. Through secretion of immune modulators into the system of the host, which interfere
at different points in the adaptive immune response, helminths are capable of initiating a modified Th2 cell response ultimately leading to an immune-tolerant environment suitable for
long term survival. APC, antigen presenting cell; Thn, naïve T helper cell; Treg, T regulatory cell; PC plasma cell.
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in IgG4-RD typically show a dense inflammatory infiltrate with all sorts
of immune cells, including large quantities of T and B cells. This is in
contrast to conditions where IgG4 antibodies seem to play a direct
pathogenic role, such as in pemphigus and MuSK-MG. Taken together,
these findings could indicate that IgG4 is upregulated to dampen a
chronic immune response in IgG4-RD, but it does not exclude that IgG4
antibodies could in that context be pathogenic themselves. In a recent
study, BALB/c mice were subjected to injections with IgG of patients
with AIP, similarly to passive transfer studies in pemphigus vulgaris,
which resulted in both pancreatic and salivary tissue injury, while in-
jections with control IgG did not. In particular, injection with IgG1
alone caused damage, which could be partly abrogated by simultaneous
injection with IgG4 [81]. Of note, in this study IgG4 antibodies them-
selves were not completely harmless.

Previously, we showed that the IgG4-producing B and plasma cells
in patients with IgG4-RD of the biliary tract and pancreas are derived

from a limited number of clonally expanded B cell receptor clones
[6,7]. This suggests that specific antigenic stimuli are involved in the
immune process, and that elevated IgG4 serum levels are not just an
‘innocent bystander’ effect. In this context, our observation may be of
interest that ‘blue collar work’ with long-term exposure to solvents, oil
products or industrial gases was found in the history of> 70% of pa-
tients from two independent European cohorts with IgG4-RD of the
biliary tract and pancreas [6,82]. Notably, although only a low titer of
anti-nuclear antibodies (ANA) is detectable in IgG4-RD patients, recent
work has shown that IgG4-RD patients, who are ANA-positive, do not
have ANA of the IgG4 subclass but do have high serum IgG4 levels [83].

Identification of (auto-)antigens that are responsible for the clonal
expansion of IgG4+ B cells in IgG4-RD may help to better understand
the role of IgG4 in IgG4-RD. We just succeeded to unravel the first IgG4
auto-antigen in IgG4-RD being the calcium-dependent phospholipid-
binding protein, Annexin A11, a 56 kDa protein against which IgG4 and

Fig. 6. Mechanism by which IgG4 inhibits the antitumour actions of IgG1. IgG4 inhibits tumouricidal IgG1 (A) through competition (B) preventing tumor cell death [76,79].

Fig. 7. The role of IgG4 in different immune processes and
diseases.
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IgG1 antibodies were directed in patients with IgG4-RD of bile ducts,
pancreas and salivary glands, but not in disease controls [84]. Re-
markably, epitope analysis disclosed that two Annexin A11 epitopes
targeted by IgG1 and IgG4 autoantibodies of our patients were shared
whereby IgG4 antibodies blocked binding of IgG1 antibodies to the
shared Annexin A11 epitopes [84]. Identification of more IgG4 auto-
antigens will follow. Furthermore, IgG4 is merely a single component of
the inflammatory process of IgG4-RD.

Future research should focus on the various players, such as T cell
subsets [85], that all together orchestrate the inflammatory response in
IgG4-RD. Especially T follicular helper (Tfh) cells have been recently
investigated revealing that the number of T follicular helper type 2
(Tfh2) cells is significantly higher in IgG4-RD patients compared to the
control groups and also correlates with serum levels of IgG4, IL-4 and
plasmablast counts [86]. In vitro experiments showed that Tfh2 cells
were able to induce the differentiation of naïve B cells into plasmablasts
[87]. Moreover, IgG4 production in culture supernatants of Tfh2 cells
was significantly higher with Tfh2 cells from IgG4-RD patients com-
pared to healthy controls. Also T follicular helper type 1 (Tfh1) cells are
elevated in IgG4-RD patients and seem to correlate with disease activity
but not with serum IgG4 levels, suggesting a prominent role for Tfh2
cells in the production process of IgG4 and a yet to be established role
for Tfh1 cells in IgG4-RD.

In summary, the role of IgG4 in inflammatory conditions may vary:
IgG4 alone can cause beneficial and pathogenic effects. In IgG4-RD, we
favour the view that IgG4 rather functions as a protective antibody
dampening the more harmful effects of IgG1 when directed against the
same epitopes.
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