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ABSTRACT

Immunoglobulin G4  (I1gG4)-related
disease (IgG4-RD) is a chronic, clini-
cally heterogenous fibroinflammatory
condition, characterised by an accumu-
lation of 1gG4 secreting plasma cells
in affected tissues and associated with
increased serum IgG4 concentrations.
Despite a growing recognition of the
disease among clinicians from differ-
ent specialties worldwide, its indolent
nature, lack of a single diagnostic test
and ability to mimic other malignant,
infective and inflammatory conditions,
makes the diagnosis challenging. As
treatment options evolve, biomark-
ers correlating with disease activity,
predicting prognosis and response to
treatment are deemed required. A mul-
tidisciplinary panel of experts from
the European Reference Network for
Rare and Complex Connective tissue
diseases (ERN ReCONNET) and affili-
ated international partners have per-
formed a narrative literature search
and reviewed the current evidence of
biomarkers in IgG4-RD, including im-
munoglobulins, cytokines, chemokines
and other soluble immune mediators,
and cellular components of the immune
system. The aim of this paper is to pro-
vide useful information for clinicians as
to the utility of biomarkers for diagnos-
ing and monitoring IgG4-RD in clinical
routine and sets out recommendations
for clinical decision making.

Introduction

Immunoglobulin G4  (IgG4)-related
disease (IgG4-RD) is an immune-me-
diated condition, characterised by fi-
broinflammatory lesions that occur in

almost any organ, but most commonly
affect salivary/lacrimal glands, orbits,
pancreas and biliary tree, aorta and re-
troperitoneum, kidney, meninges, and
thyroid gland (1). Despite growing rec-
ognition of the disease and the recent
introduction of classification criteria
(2), early diagnosis of IgG4-RD is still
a challenge because of its multi-organ
nature and the lack of specific labora-
tory markers (3). Although serum IgG4
elevation can provide an important hint,
it is not sufficient for clinical diagnosis
or appropriate disease classification.
IgG4-RD can only be diagnosed with
a comprehensive work-up that includes
histology, imaging and serology. This
often requires a multidisciplinary team
to exclude potential mimics, such as
malignancy, infection, or other immune-
mediated conditions, e.g. Sjogren’s
syndrome or vasculitis. As treatment
options evolve, monitoring the disease
activity longitudinally has become cen-
tral in the disease management, and
typically includes a combination of
findings from physical examination,
laboratory investigations and diagnostic
imaging (4). Furthermore, the IgG4-RD
Responder Index (RI) was recently de-
veloped and validated to guide health
care professionals in assessing disease
activity and damage, and can be adapted
to assess the efficacy of treatment in a
structured manner (5).

With an improved understanding of the
disease pathophysiology and availabil-
ity of high-dimensional diagnostic plat-
forms, many novel blood biomarkers
have been investigated and described in
IgG4-RD over the past years. However,
it remains uncertain as to which labo-
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ratory markers are the most helpful in
the diagnostic work-up and monitoring
of disease activity in clinical practice.
Therefore, the overall objective of this
paper is to provide current evidence
about the diagnostic value and clini-
cal relevance of available laboratory
biomarkers, with special focus on diag-
nosis, disease activity and phenotype,
prognosis and fibrosis in IgG4-RD. A
panel of multidisciplinary experts per-
formed a narrative literature search and
recommend biomarkers that should be
included in the management of IgG4-
RD in clinical routine.

Methods

Nineteen clinicians were invited to par-
ticipate in this project. The expert pan-
el included rheumatologists, gastroen-
terologists and clinical immunologists,
and were either members of ERN Re-
CONNET endorsed centres for IgG4-
RD or recognised clinical experts in
IgG4-RD. The methodologic approach
included a review of the literature fol-
lowed by a discussion among the ex-
perts on the results obtained. The narra-
tive Pub-Med literature search was per-
formed by using the Mesh term “IgG4-
related” AND “biomarker” AND either
“diagnosis”, “activity”, “phenotype”,
“prognosis”, “prediction”, “fibrosis” or
“damage”. A total of 791 papers were
identified. After excluding reviews, du-
plicates, case reports or small case se-
ries, a title and abstract evaluation was
performed, resulting in 110 articles for
full text review, of which 76 articles
were included in the present review.
The Authors discussed the clinical rel-
evance of all identified biomarkers and,
based on the level of evidence, avail-
ability of standardised tests in clinical
routine and expert opinion, suggested
which of them should be recommended
for use in daily clinical practice.

Results

Biomarkers for diagnosis

Laboratory biomarkers for diagnosing
IgG4-RD should ideally have a high
sensitivity and specificity, allowing dis-
crimination from mimicking conditions
and provide information about the clini-
cal phenotype with potentially involved
organs. Since the first report of elevated
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serum IgG4 concentrations in patients
with sclerosing pancreatitis in 2001 (6),
the majority of published articles on
diagnostic biomarkers focus on serum
IgG4 concentrations (7-19) (Table I).
According to a large meta-analysis of
nine case control studies, a serum IgG4
cut-off value ranging from 1.34 to 1.44
g/L provided a sensitivity and specific-
ity of 87.2% and 82.6%, respectively
(20). When a cut-off value of 2-fold the
upper limit of normal was used (ranging
from 2.70 to 2.80g/L), the pooled sensi-
tivity was 63% (95% CI, 60.0-66.0%),
and the specificity was 94.8%. Analysis
of the serum IgG4/total IgG ratio did
not improve the test characteristics (21),
whereas determination of the IgG4/1gG
RNA ratio in peripheral blood provided
superior diagnostic accuracy in IgG4-
associated cholangitis/autoimmune
pancreatitis (n=34) compared to serum
IgG4 testing alone, both for sensitivity
(94% vs. 86%) and specificity (99% vs.
73%) (22). Because polyclonal IgG4
elevation has been reported in several
other conditions, such as infection,
systemic vasculitis, cystic fibrosis and
malignancy, the diagnosis of IgG4-RD
cannot only rely on this biomarker (23).
Combination analysis of serum IgG4
with other biomarkers may therefore
increase the diagnostic accuracy. For
example, peripheral eosinophilia, which
is present in about one third of IgG4-RD
patients, correlates with IgG4 levels and
has a positive predictive value for [gG4-
RD compared to isolated serum IgG4
increase without eosinophilia (24, 25).
There is marked B-cell activation in
IgG4-RD. Other immunoglobulins are
elevated, specifically IgG2 (26), IgE
(27), and serum free light chains (28-
30). In addition, circulating CD19""
CD20CD27+*CD38"e" plasmablasts are
elevated in IgG4-RD, even in patients
with normal serum IgG4 levels, and
described to correlate with serum IgG4
levels, the number of involved organs,
and the [gG4-RD RI (31-34). However,
peripheral blood plasmablast are usual-
ly not routinely assessed and may also
be elevated in other inflammatory con-
ditions, limiting the diagnostic value in
I1gG4-RD.

The switch toward IgG4 and IgE pro-
duction is related to T-helper (Th)-2

cytokines, the source of which have
been attributed to be T follicular helper
2 (Tfh2) cells specialised in the forma-
tion of germinal centres (35, 36). Tfh2
cells, but also peripheral follicular
helper, Treg and subsets of cytotoxic
CD4* T cells (CTL) are associated
with IgG4-RD (37). Furthermore, cy-
tokines or soluble mediators produced
by activated innate or lymphoid cells,
such as IL-1 family cytokines and re-
ceptors (38), IL-4 (35), IL-5 (39),
IL-6 (40), IL-13 (40), IL-33 (41, 42),
CCL18 (43), CCL26 (Eotoxin-3) (44),
interferon-alpha (IFN-o) (41, 42) and
B cell-activating factor of the tumour
necrosis factor family (BAFF) and a
proliferation-inducing ligand (APRIL)
(45) are elevated in the peripheral blood
of IgG4-RD patients.

Among inflammatory markers, C-reac-
tive protein (CRP) is usually moderate-
ly elevated in IgG4-RD and tends to be
associated with vascular disease. CRP
is significantly increased in patients
with aortic aneurysms and peri-aortitis
compared to retroperitoneal fibrosis
alone (11, 46). In addition, soluble IL-2
receptor (sIL-2R) concentrations are
consistently increased in the majority of
IgG4-RD patients (47-49), and corre-
late with the number of involved organs
(47), serum CCL18-levels (43), but
not serum IgG4 levels (48). Baseline
serum sIL-2R levels were increased in
all 26 patients investigated in a Japa-
nese cohort of patients (48), and were
associated with refractory and relapsed
disease in a long-term Chinese study of
102 patients (49).

Autoantibodies have been identified in
IgG4-RD (50). However, when tested
in a clinically diverse cohort of 100
patients, frequencies of IgG4 autoan-
tibody responses against prohibitin
(10%), annexin A11 (12%), and laminin
511-E8 (7%) were not significantly dif-
ferent from those of disease controls
(51), and therefore currently not useful
for the diagnosis of IgG4-RD.
Following initial reports of hypoc-
omplementaemia in I[gG4-related tu-
bulointerstitial nephritis (52), autoim-
mune pancreatitis and retroperitoneal
fibrosis (53), serum complement fac-
tors have been investigated in a large
Chinese cohort of 312 patients. Hypoc-

Clinical and Experimental Rheumatology 2022



Biomarkers in IgG4-related disease / L. Iaccarino et al.

omplementaemia has been identified
in 20.8% of cases and associated with
more involved organs, higher IgG4-RD
RI, and higher laboratory parameters,
such as counts of eosinophils, inflam-
matory markers, IgG, IgGl, IgG3,
IgG4, and IgE (54).

Notably, the 2019 ACR/EULAR clas-
sification criteria for IgG4-RD clearly
mention three blood biomarkers and
their relevant weight in orienting di-
agnosis, namely IgG4, C3 and C4, and
eosinophils. In particular, serum IgG4
levels have been graded; higher levels
are more suggestive of IgG4-RD and
represent the major serological domain
in the classification criteria, hypocom-
plementaemia is part of the categorical
assessment with a numeric weight of
six, whilst mild peripheral eosinophilia
supports a diagnosis, but levels exceed-
ing 3000/l represents an exclusion cri-
terion (2).

Of note, robust studies comparing lev-
els of new biomarkers in different or-
gan manifestations, systemic/localised
IgG4-RD and in different conditions
considered as mimickers of the disease
are lacking to date and confirmation
of preliminary results are mandatory.
Thus, despite several promising new
biomarkers reported in studies for the
diagnosis of IgG4-RD the minimal as-
sessment to date should include: CRP/
ESR, serum IgG2, [gG4, sIgE, soluble
IL-2 receptor, serum C3 and C4 levels,
and eosinophil count (Table II). When
available, analysis of circulating plas-
mablasts can be considered. Although
providing important information, these
biomarkers should not be used alone
for diagnosis but integrated with clini-
cal radiological and pathological do-
mains because they lack adequate ac-
curacy for diagnostic purposes.

Clinical phenotype and

organ-specific biomarkers

Four homogeneous disease phenotypes
have recently been described, after ap-
plying latent class analysis to an interna-
tional cohort of patients used for devel-
oping the ACR/EULAR classification
of IgG4-RD (2). These include pancre-
ato-hepatobiliary disease (31%), retro-
peritoneal fibrosis with/without aortitis
(24%), limited head and neck disease
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(24%), and Mikulicz’s syndrome with
systemic involvement (22%). Patients
in each cluster shared distinctive clini-
cal, epidemiological, and serological
features. Distinct subsets of a prolifera-
tive (affecting the glandular and epithe-
lial tissues) and fibrotic type have also
been proposed (55). This provides phy-
sicians with a framework for improving
clinical recognition and investigating
biomarkers of disease.

A recent Italian observational study
classified 179 IgG4-RD patients by dis-
ease phenotype to assess differences in
epidemiological features and outcomes.
At disease onset, pancreato-hepatobil-
iary disease had the highest levels of
serum IgG4 and IgE concentrations,
although those with Mikulicz’s and
systemic involvement have the highest
IgG4-RI and retroperitoneal disease the
lowest (56). A UK prospective cohort
of 48 IgG4-pancreato-hepatobiliary pa-
tients demonstrated that elevated IgE
correlated with IgG4 levels, eosinophil
count, and disease relapse, and were
more frequently associated with atopy
(27). In an observational study of 425
Chinese IgG4-RD patients assessing
disease patterns associated with pe-
ripheral blood eosinophilia, a higher
eosinophil count was most associated
with the presence of dacryoadenitis,
sialadenitis, lymphadenopathy and skin
rash (25). Those with eosinophilia were
mainly male, had more active disease,
more organs involved, a higher risk of
relapse and a longer disease duration.
Moreover, high serum IgE levels have
been proposed as a potential predictor
of extra-ocular muscle enlargement in
IgG4-related ophthalmic disease pa-
tients (57), and significant elevations of
serum IgG2 found associated with or-
bital [gG4-RD in comparison with non-
IgG4 orbital inflammation (26).
Observational cohort studies have de-
scribed the presence of hypocomple-
mentemia in patients with IgG4-related
tubulointerstitial nephritis, the most
common presentation of IgG4-related
renal disease (52). A large prospective
study in 317 Chinese IgG4-RD, divided
into those with and without hypocom-
plementaemia, described low C3 and
C4 levels in the proliferative disease
subset, specifically lacrimal, subman-

dibular and parotid glands, paranasal
sinus, pancreas and bile ducts, prostate
gland and lymph nodes (54). This group
were more likely to have multiple or-
gan involvement, higher disease activ-
ity and higher eosinophils, IgG4 and
IgE. In a small cross-sectional study
to assess the utility of serum immu-
noglobulin free light chains (sFLC) in
distinguishing disease phenotypes and
activity in 45 IgG4-RD patients and 40
disease controls, there was no differ-
ence in SFLC between the four IgG4-
RD phenotypes, or in proliferative
versus fibrotic subsets, however those
with renal involvement had higher kap-
pa sFLC and lambda sFLC than other
groups (28). A small study that assessed
the levels of an exploratory coinhibi-
tory checkpoint molecule T cell immu-
noglobulin and mucin-containing-mol-
ecule-3 (TIM-3), and its ligand, galec-
tin-9 (Gal-9), in 59 Japanese 1gG4-RD
reported a higher level of TIM-3 in
those with visceral organ involvement
(defined as pancreas, bile duct, kidney,
retroperitoneal fibrosis, aorta, lung and
prostate) compared to those with head
and neck disease (58). The small cohort
size, single ethnicity cohort, absence of
clinical follow up and lack of mecha-
nistic assessment requires further vali-
dation. Finally, increased serum levels
of IFNa and IL-33 have been reported
in a Japanese cohort of 21 newly diag-
nosed patients with type I autoimmune
pancreatitis/IgG4-RD  compared to
healthy controls and chronic pancrea-
titis patients (41), suggesting a role in
the disease pathogenesis, potentially
mediated by a pancreatic accumulation
of plasmacytoid dendritic cells (pDCs),
as previously reported (59). However,
whether this feature is limited to au-
toimmune pancreatitis or also present
in the overall population of IgG4-RD
needs to be determined.

Over time, prospective performance of
biomarkers in uniform cohorts of pa-
tient subtypes may be possible to estab-
lish personalised follow-up and thera-
peutic strategies. Based on current evi-
dence and availability of standardised
tests, it is reasonable to recommend the
following biomarkers to be included in
the diagnostic work-up for the evalu-
ation of potential organ manifestations
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Table I. Blood biomarkers for IgG4-RD according to type of marker.

Biomarkers Clinical relevance Reference
Immunoglobulins 1gG2 Elevated in IgG4-related orbital disease compared to non-IgG4  Chan 2017 (26)
orbital inflammation
1gG4 Elevated in 55-97% of patients, correlates with disease burden,  Ohara 2013 (8), Yu 2015 (9),
decrease after treatment in the majority of patients, increased Wallace 2016 (70), Hao 2016 (20),
baseline levels predict refractory or relapsing disease Kawa 2017 (12), Moon 2017 (13),
Tanaka 2017 (14), Tan 2018 (15),
Qi 2018 (16), Maritati 2019 (17),
Aydemir 2019 (19)
1gG4/1gG mRNA ratio Elevated in active disease, superior diagnostic accuracy in Doorenspleet 2016 (22)
IgG4-associated cholangitis/autoimmune pancreatitis, decreases
with disease response to treatment
IgE Increased serum levels in IgG4-RD, correlate with IgG4 levels, ~ Wallace 2016 (70), Culver 2017
associated with a higher risk to relapse during follow-up, (27), Tsubota 2020 (57)
potential predictor of extraocular muscle enlargement in
IgG4-related ophthalmic disease
IgA Relapsed IgG4-RD patients had significantly lower levels at baseline Sasaki 2018 (71)
sFLC & sFLC and /A ratio correlated positively with the number of Martin-Nares 2021 (28),
involved organs and IgG4-RD RI, k sFLC and A sFLC increased Ikemune 2021 (29)
in renal involvement
Cytokines IFNa Increased serum levels in patients with type 1 AIP, correlated Minaga 2020 (41)
with serum IgG1 and IgG4 levels, and decreased after induction
of remission with GC
IL-4 Correlates with Tfh2 and plasmablast. Decrease after GC Akiyama 2015 (35)
IL-5 Increased in active disease; might reflect poor prognosis. Yamamoto 2018 (39)
IL-6 Elevated in IgG4-related vascular disease (IgG4-related aortic Zongfei 2020 (69)
aneurysms and periaortitis)
1L-33 Increased serum levels in patients with type 1 AIP, correlate Minaga 2020 (41)
with serum IFNa levels, decrease under GC therapy
APRIL Serum levels significantly increased in IgG4-RD, inversely Kiyama 2012 (45)
correlate with serum IgG4 level, increase under GC therapy
BAFF Serum levels significantly increased in IgG4-RD, decrease Kiyama 2012 (45)
under GC-treatment
TNF-a Increased baseline levels in patients with relapsing or refractory ~ Zongfei 2021 (49)
disease
GDF15 Increased levels in retroperitoneal fibrosis and parotid gland Kawashiri 2018 (80)
involvement, potential surrogate marker for tissue fibrosis
ELF score Increased in 10 patients with IgG4-RD, correlated with the Della-Torre 2015 (82)
number of involved organs and significantly decreased under
rituximab therapy
Chemokines CCL17 (TARC) Elevated in active disease, correlates with the [gG4-RD RI Umeda 2020 (68)

CCL18

Significantly increased in [gG4-RD, correlates with IgG4-RD
RI, serum IgG4 and sIL-2R, suggested as potential biomarker
of fibrotic diseases

Akiyama 2018 (43)

CCL26 (Eotaxin-3)

Increased levels in patients with lymphadenopathy and patients
with relapsing disease

Takanashi 2021 (44)

Immune cell subsets
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Plasmablasts Elevated in active IgG4-RD, even in patients with normal serum Mattoo 2014 (63)
IgG4 concentrations, positively correlate with serum IgG4 levels, Wallace 2015 (31),
the number of involved organs, and the IgG4-RD RI, I18F-FDG  Berti 2017 (64), Lin 2017 (32),
tissue uptake, decrease after GC treatment Lanzillotta 2019 (34)
Eosinophils Elevated in 29-38% of patients, associated with higher Wallace 2016 (70),

Culver 2017 (27)
Zhang 2019 (25),
Peng 2021 (54)

incidence of dacryoadenitis, submandibular sialadenitis and
lymphadenopathy, correlate with serum IgG4 levels,
hypocomplementaemia and number of involved organs,
increased baseline levels in patients with relapsing disease,

Clinical and Experimental Rheumatology 2022
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Biomarkers Clinical relevance

Reference

CD4*SLAMF7* Ty, cells

Significantly increased in IgG4-RD, decrease following

GC-induced disease remission

Della-Torre 2018 (37)

Memory B-cells

Increased levels after 6 months of GC treatment predictive for

disease relapse

Lanzillotta 2018 (33)

Tth

Correlate with circulating plasmablast levels and Tfh infiltration

in affected tissue, decrease after GC treatment

Grados 2017 (36), Kubo 2018 (65)

Th1 and Th17

Elevated in active disease, correlated with serum IgG4

and IgG4-RD RI

Xia 2020 (66)

Ttfhl Elevated in active disease, correlated with serum IgG4 and Xia 2020 (66)
1gG4-RD RI
Tfh2 Elevated in active IgG4-SC and AIP, correlate with IgG4-RD RI, Grados 2017 (36),
serum IgG4 and IgE Cargill 2019 (67)
Immune receptors and sIL-2R Elevated in IgG4-RD, correlate with number of involved Akiyama 2018 (43),
complement factors organs, associated with refractory and relapsed disease, Handa 2018 (47), Karim 2018 (48),
decreases after treatment, predict patients requiring GC treatment Zongfei 2021 (49)
C3,C4 Low levels in approximately 20% of patients, associated with Kihara 2013 (53), Peng 2021 (54)
IgG4-related renal disease, lymphadenopathy and gland
involvement, correlate with serum IgG4 levels, eosinophil
count, the number of involved organs and IgG4-RD RI
TIM-3 Increased in patients with visceral involvement, in particular Matsumoto 2021 (58)
biliary tract, kidney and retroperitoneum
CRP Mostly moderately increased in IgG4-RD, associated with Yamamoto (11),

vascular disease (IgG4-related aortic aneurysms and periaortitis), Kasashima 2018 (40)

decreases after GC treatment

AIP: autoimmune pancreatitis; APRIL: a proliferation-inducing ligand; BAFF: B cell activating factor; CCL17: C-C motif chemokine ligand 17; CCL18:
C-C motif chemokine ligand 18; CCL26: C-C motif chemokine ligand 26; CRP: C-reactive protein; ELF: enhanced liver fibrosis; ESR: erythrocyte sedi-
mentation rate; GC: glucocorticoid; RI: responder index; GDF-15: growth differentiation factor 15; sIL-2R: soluble interleukin-2 receptor; SFLC: serum free
light chains; TARC: thymus and activation-regulated chemokine.

and clinical phenotypes: serum 1gG4,
IgE, C3 and C4 concentrations, and eo-
sinophils. Assessment of sFLC, IFNa
and IgG2 may be considered in patients
with suspected renal involvement, au-
toimmune pancreatitis or orbital dis-
ease, respectively (Table IT).

Biomarkers correlating with

disease activity

Ideal biomarkers of disease activity in
chronic rheumatologic disorders should
be elevated during active disease and
decrease following successful induc-
tion of remission without being affected
by intercurrent inflammatory or infec-
tious conditions. With the primary goal
to implement patient monitoring, sever-
al serum molecules have been proposed
as biomarkers of IgG4-RD activity. Se-
rum IgG4 level was the first biomarker
of this kind and still represents the most
widely used serological tool to assess
disease activity in clinical practice. Se-
rum IgG4 levels are elevated in 60-70%
of active untreated patients, decline
substantially with clinical improvement
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and typically re-increases with disease
relapse (60). Yet, clinicians should be
aware of the many shortcomings of us-
ing serum IgG4 alone to track disease
activity. Serum IgG4 concentrations,
in fact, are not elevated in up to 40%
of patients with active IgG4-RD, thus
becoming useless in these patients to
assess disease response to immunosup-
pressive therapies (12, 61, 62). Moreo-
ver, [gG4 serum level remains elevated
in up to 63% of cases after glucocorti-
coid treatment and do not rise again in
flares in nearly 10% of patients (60).

To overcome these limitations and with
the increasing appraisal of IgG4-RD
pathogenesis, more than a dozen of nov-
el biomarkers have been proposed, but
their clinical utility has not been fully
established. Circulating CD19*°*CD20-
CD27+CD38"e" plasmablasts — the pre-
cursors of antibody secreting plasma
cells — for instance, display higher
sensitivity and specificity compared to
serum IgG4 because they are increased
compared to healthy individuals not
only in patients with elevated IgG4 but

also in those with normal serum con-
centrations (31, 32, 34, 63, 64). Moreo-
ver, increased frequencies of circulating
plasmablasts positively correlated with
serum IgG4 levels, the number of in-
volved organs and the IgG4-RD RI (32)
as well as 18F-FDG tissue uptake in
PET/CT scans (64), and decreased after
glucocorticoid or rituximab treatment
(31, 32, 34, 63), suggesting that plas-
mablasts might be a potentially useful
biomarker for diagnosis and monitoring
response to treatment (32). Still, transi-
tory appearance of circulating plasma-
blasts can be observed in response to a
variety of inflammatory stimuli (includ-
ing vaccinations), thus being an imper-
fect marker of IgG4-RD activity (34).
Additional potential cellular biomark-
ers of IgG4-RD activity with a sound
pathogenic rationale include circulating
Tth cells (65), particularly Tfhl and
Tfh2 cells (66, 67) as well as Th1l and
Th17 cells (66). In addition, soluble im-
mune mediators, such as serum levels
of IFNa and IL33 (41), soluble IL-2
receptor (47-49), IL-5 (39), APRIL/
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Table II. Proposed blood biomarkers recommended for diagnosing and monitoring IgG4-RD according to clinical relevance.

Clinical relevance

Biomarkers recommended in clinical routine

Biomarkers to be considered

Diagnosis 1gG4,1gG2, IgE, C3/C4, sIL-2R, Eosinophils, Plasmablasts
CRP/ESR
Disease activity 1gG4, C3/C4, sIL-2R, CRP/ESR Plasmablasts

Prognosis

1gG4, IgE, sIL-2R, Eosinophils, CRP/ESR

Plasmablasts, memory B-cells, IgA, TNF-a

Clinical phenotype and organ specific markers

1gG4, IgE, C3/C4, Eosinophils, CRP/ESR

1gG2 (orbital disease), SFLC (renal), IFNo (AIP)

Degree of fibrosis

CCL18, GDF-15, ELF

CCL18: C-C motif chemokine ligand 18; CrP: C-reactive Protein; ELF: enhanced liver fibrosis; ESR: erythrocyte sedimentation rate; GDF-15: growth dif-
ferentiation factor 15; sIL-2R: soluble interleukin-2 receptor; sFLC: serum free light chains.

BAFF (45) and hypocomplementaemia
(53), (54) have been reported to corre-
late with the number of organs involved
or to mirror disease activity, being el-
evated in active disease compared to
healthy controls and decreasing fol-
lowing glucocorticoid treatment. In
addition, chemokines such as CCL17,
CCL18 and CCL26 (Eotaxin-3) have
been shown to correlate with disease
burden, but their response to immu-
nosuppressive treatment has not been
fully evaluated (12,43, 44, 68). Finally,
assessment of inflammatory markers
might be useful for monitoring disease
activity in cases of large vessel involve-
ment because [gG4-RD (peri)aortitis
is often associated with ESR and CRP
elevation but normal serum IgG4 con-
centrations (40, 43, 46, 69). Of note,
experience with these novel biomark-
ers remains confined to single refer-
ral centres, and longitudinal studies in
large numbers of patients are warranted
to validate their utility for monitoring
variations in IgG4-RD activity. There-
fore, the following biomarkers may be
suggested currently to monitor disease
activity in clinical routine: CRP/ESR,
soluble IL-2 receptor, serum IgG4, and
C3 and C4 concentrations. Assessment
of circulating plasmablasts may be con-
sidered (Table II).

Biomarkers related to

prognosis and prediction

Prognostic biomarkers usually predict
the probable course and outcome of
the disease (e.g. disease recurrence,
progression, death) independent of
treatment received, whereas predictive
biomarkers are measured before treat-
ment and provide information on the
probability of response to a particular
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therapy. The current knowledge about
such biomarkers in IgG4-RD is lim-
ited and frequently controversial given
the multiorgan nature of the disease
and heterogeneity of therapies applied.
Overall, IgG4-RD is a indolent condi-
tion characterised by a rapid response
to corticosteroid therapy. However,
a considerable proportion of patients
experience relapses during steroid ta-
pering and suspension requiring addi-
tional induction therapy and possibly
association with conventional-synthetic
disease-modifying drugs (DMARD:s)
for disease control improvement (1).
Indeed, elevated IgG4 serum level at
disease onset are associated with higher
risk of relapse following glucocorticoid
as well as rituximab therapy (HR 6.2,
CI: 1.2, 32.0), with an increased risk
especially in those patients with higher
levels, who will also experience earlier
relapses (70, 71). Recently, the serum
IgG4 cut-off value of 8.13 g/L has been
proposed to identify patients who will
more probably experience relapse, with
a sensitivity of 57.1% and a specific-
ity of 95.0% in one study cohort (71).
Moreover, re-elevation of serum IgG4
levels during glucocorticoid treatment
was associated with disease relapse
(71). Similarly, high levels of serum
IgE and absolute eosinophil count at
baseline have been associated with a
higher risk of relapse during follow-
up (70). The concomitant elevation of
serum IgG4, IgE and eosinophils is un-
common, underlying the importance of
measuring all of them at baseline for a
proper prognostic profiling (72).

A single study (71) reported serum IgA
as additional biomarker for relapse risk
assessment. Patients who relapsed dur-
ing follow-up exhibited significantly

lower levels of IgA at baseline. Pertur-
bations of B-cell subpopulations have
also been studied as a potential predic-
tive factor of IgG4-RD relapse and it
has been observed that increase of circu-
lating memory B cells after 6 months of
glucocorticoid treatment might predict
disease relapse within 2 years of follow-
up, (HR, 12.24; p=0.0005), with relapse
rates at 12 and 24 months of 30% and
100%, respectively (33). Recently, a
proteomic study recognised CCL26
(Eotaxin-3), a potent chemo-attractant
for eosinophils, as being markedly el-
evated in IgG4-RD with lymphadenop-
athy, a phenotype that was associated
with a higher risk of relapse (44). Addi-
tional evidence comes from Zongfei et
al. (49) who identified numerous poten-
tial biomarkers at baseline that predict a
refractory course or relapse at follow-up
in a large Chinese cohort. In particular,
soluble IL-2 receptor and TNF-a were
independent risk factors for refractory
and relapsed disease. Despite a number
of studies suggest significant baseline
differences between relapsing and non-
relapsing patients, suggesting possible
prognostic factors, these findings were
not reproduced in other cohorts (14,
73). Therefore, further studies are war-
ranted to confirm identified prognostic
biomarkers. Currently, biomarkers that
may reliably help evaluating the prog-
nosis of IgG4-RD in clinical practice
include serum IgG4, IgE, soluble IL-2
receptor, and eosinophil counts. Assess-
ment of serum IgA, TNF-a, and periph-
eral blood memory B-cells may be con-
sidered (Table II).

Biomarkers for fibrosis and damage
Data of blood biomarkers related to fi-
brosis in IgG4-RD are scarce because
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they are mostly evaluated on tissue
samples, and plasma levels of fibrosis
biomarkers are difficult to detect (74).
Moreover, there is a trend to establish
correlations between mediators in-
volved in fibrosis and activity meas-
ures, being difficult to ascertain the
fibrotic process itself. Fibrotic lesions
in IgG4-RD are the result of complex
interactions between multiple cell types
such as activated B-cell subsets, CD4+
cytotoxic lymphocytes (CTL) M2 mac-
rophages and fibroblasts which produce
various pro-fibrotic cytokines (75).
Among these, CCL18 has been de-
scribed to induce collagen synthesis in
lung fibroblasts (76, 77), and has been
suggested as a potential biomarker of
fibrotic diseases (78). Akiyama et al.
previously demonstrated that serum
levels of CCL18 were significantly in-
creased in 61% of 28 patients from a
clinically diverse IgG4-RD cohort and
serum levels correlated with the num-
ber of affected organs, [gG4-RD RI,
serum IgG4 and soluble IL-2 receptor
levels, and significantly decreased af-
ter 3 months of glucocorticoid therapy
(43). In addition, growth differentia-
tion factor 15 (GDF-15), a cytokine
secreted by activated macrophages, has
been linked with fibrosis in the setting
of different diseases like systemic scle-
rosis (79). In IgG4-RD, serum levels
of GDF-15 were found significantly
elevated in a Japanese cohort of 72 un-
treated patients compared to healthy
controls and were associated with the
presence of retroperitoneal fibrosis and
with parotid gland involvement, but not
with the IgG4-RD RI or the number of
involved organs (80). Interestingly, se-
rum concentrations of GDF-15 in this
cohort of patients did not decrease af-
ter a median glucocorticoid treatment
period of 3.5years despite clinical re-
sponses. Another surrogate of the se-
verity of fibrosis and degree of extracel-
lular matrix deposition comes from the
Enhanced Liver Fibrosis (ELF) score,
which combines serum concentration
analysis of three mediators associated
with fibrogenesis, and was developed
for the evaluation of chronic liver dis-
ease (81). In IgG4-RD, the ELF score
was found to be increased in 10 patients
with IgG4-RD compared to healthy
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controls, correlated with the number
of organs involved, and then fell with
rituximab therapy (82). These findings
are consistent with the concept that B-
cell depletion leads to a decrease in the
degree of myofibroblast activation in
IgG4-RD, along with the reduction of
dimensions of the inflammatory masses
on imaging studies. In conclusion, de-
termination of CCL18, GDF-15 and
ELF may be considered as potential
surrogates for fibrosis in IgG4-RD in
centres with expertise and appropriate
diagnostic laboratories. Finally, dam-
age can be determined by the specific
function assessment of every organ
affected. In this regard, specific tests
that evaluate the distinct organ, like
pancreatic assessment for exocrine and
endocrine insufficiency, can be used to
ascertain the degree of malfunction due
to fibrosis.

Discussion

The recognition of IgG4-RD has ex-
panded across medical specialties
around the world over the past decade,
and remarkable progress has been made
in understanding the immunopathogen-
esis of the disease. As a result, many
candidate biomarkers have been iden-
tified from large-scale investigations
in addition to serum concentrations of
IgG4, which still represents the most
important and mostly utilised marker
for diagnosing and monitoring IgG4-
RD (83, 84). Novel immunologic bio-
markers often lack standardised test
availability, or may have low evidence
levels for supporting patient decision
making due to the limited number of
patients investigated in IgG4-RD co-
horts. In this article, a multidisciplinary
panel of experts from the ERN Re-
CONNET and affiliated international
partners summarised the evidence of
peripheral blood biomarkers of IgG4-
RD and based on their expertise, pro-
vide recommendations for health care
professionals on the utility of laborato-
ry-measured biomarkers in clinical rou-
tine with respect to diagnosis, disease
activity, prognosis, clinical phenotype
and fibrosis.

Biomarkers with the highest level of
evidence and wide-spread availability
in clinical routine settings for managing

IgG4-RD include serum levels of IgG4,
1gG2, IgE, complement factors C3 and
C4, sIL-2R, eosinophil count and CRP/
ESR levels. These markers should not
only be used to support diagnosis in the
appropriate clinical context, but also,
with different weightings and value,
provide useful information for the po-
tential risk of individual organ mani-
festations, correlate with disease activ-
ity and predict responses to treatment
(Table II), and are recommended to be
included in the diagnostic work-up and
during follow-up.

Investigation of circulating plasma-
blasts may provide further value but
require flow cytometry facilities and
are not disease-specific. The utility of
recently identified autoantibodies (an-
ti-Galactin-3, anti-Laminin 511, Anti-
Annexin All) is currently not recom-
mended for the diagnosis or monitoring
of IgG4-RD. Established biomarkers
predicting the fibrotic burden in routine
clinical practice are not available yet,
but determination of CCL18, GDF-15
and ELF may be considered in special-
ised centres with sufficient expertise.
In addition, novel immunologic mark-
ers, both soluble mediators (cytokines,
chemokines) and cellular components
(immune cell subsets) may be consid-
ered, provided that cost and technical
requirements permit its use.

While biomarker research in IgG4-RD
has recently improved, disease man-
agement cannot rely on single indica-
tors and should be complemented by
established laboratory analysis and
diagnostic imaging to investigate or-
gan function and damage after careful
exclusion of common neoplastic and
infectious mimickers. Nevertheless,
the wide-spread utility of biomarkers in
IgG4-RD may contribute to optimised
clinical practice and, consequently, to
improved patient outcomes.

Affiliations

'"Rheumatology Unit, Department of
Medicine-DIMED, University Hospital
of Padua, Italy; 2Rheumatology Unit,
AOU Pisana, Pisa, Italy; 3Division of
Rheumatology, IRCCS Policlinico S.
Matteo Foundation and University of
Pavia, Italy; “Department of Rheuma-
tology and Clinical Immunology, Char-

S-77



Biomarkers in IgG4-related disease / L. Iaccarino et al.

ité-Universitidtsmedizin Berlin, corpo-
rate member of Freie Universitit Berlin,
Humboldt-Universitit zu Berlin, and the
Berlin Institute of Health (BIH), Berlin,
Germany; >Translational Gastroenterol-
ogy Unit, John Radcliffe Hospital, Ox-
ford, UK; *Department of Internal Med-
icine, Hopital de la Timone, AP-HM,
Aix-Marseille Université, Marseille,
France; "Departments of Internal Medi-
cine and Immunology, Section Clinical
Immunology, Erasmus MC, Rotterdam,
the Netherlands; ®Département de Mé-
decine Interne et Immunologie Clin-
ique, Centre de Référence des Maladies
Systémiques et Auto-Immunes Rares
du Nord-Ouest (CERAINO), LIRIC,
INSERM, Univérsité de Lille, CHU
Lille, France; °Universita Vita-Salute
San Raffaele, IRCCS San Raffaele Sci-
entific Institute, Milan, Italy; °Unit of
Immunology, Rheumatology, Allergy
and Rare Diseases (UnIRAR), IRCCS
San Raffaele Scientific Institute, Milan,
Italy; !'Systemic Autoimmune Diseases
Unit, Internal Medicine Department,
Hospital Universitari Vall d’Hebron,
Vall d’Hebron Institute of Research,
Universitat Autonoma de Barcelona,
Barcelona, Spain; '?Rheumatology and
Immunology Unit, Spedali Civili and
University of Brescia, ASST Spedali
Civili of Brescia, Italy; '“Deutsches
Rheuma-Forschungszentrum  (DRFZ
Berlin) - a Leibniz Institute, Autoimmu-
nology Group, Berlin, Germany.

Disclaimer

This publication was
funded by the Europe-
an Union’s Health Pro-

Co-funded by
the European Union

gramme (2014-2020).
ERN ReCONNET is one of the 24 Eu-

ropean Reference Networks (ERNs)
approved by the ERN Board of Mem-
ber States. The ERNs are co-funded by
the EC (European Commission). The
content of this publication represents
the views of the authors only and it is
their sole responsibility; it cannot be
considered to reflect the views of the
EC and/or the European Health and
Digital Executive Agency (HaDEA) or
any other body of the European Union.
The EC and HaDEA do not accept any
responsibility for use that may be made
of the information it contains.

S-78

References

1

13.

14.

15.

16.

. WALLACE ZS, DESHPANDE V, MATTOO H et

al.: 1gG4-related disease: clinical and labo-
ratory features in one hundred twenty-five
patients. Arthritis Rheumatol 2015; 67: 66-
2475.

. WALLACE ZS, ZHANG Y, PERUGINO CA et

al.: Clinical phenotypes of IgG4-related dis-
ease: an analysis of two international cross-
sectional cohorts. Ann Rheum Dis 2019; 78:
406-12.

. TACCARINO L, TALARICO R, SCIRE CA et al.:

IgG4-related diseases: state of the art on clin-
ical practice guidelines. RMD Open 2018; 4:
e000787.

. KHOSROSHAHI A, WALLACE ZS, CROWE

JL et al.: International Consensus Guidance
Statement on the Management and Treatment
of IgG4-Related Disease. Arthritis Rheuma-
tol 2015; 67: 1688-99.

. WALLACE ZS, KHOSROSHAHI A, CARRU-

THERS MD et al.: An International Multispe-
cialty Validation Study of the IgG4-Related
Disease Responder Index. Arthritis Care Res
(Hoboken) 2018; 70: 1671-8.

. HAMANO H, KAWA S, HORIUCHI A et al.:

High serum IgG4 concentrations in patients
with sclerosing pancreatitis. N Engl J Med
2001; 344: 732-8.

. SAH RP, CHARI ST: Serologic issues in IgG4-

related systemic disease and autoimmune
pancreatitis. Curr Opin Rheumatol 2011; 23:
108-13.

. OHARA H, NAKAZAWA T, KAWA S et al.

Establishment of a serum IgG4 cut-off value
for the differential diagnosis of IgG4-related
sclerosing cholangitis: a Japanese cohort.
J Gastroenterol Hepatol 2013; 28: 1247-51.

. YU KH, CHAN TM, TSAI PH, CHEN CH,

CHANG PY: Diagnostic performance of se-
rum IgG4 levels in patients with IgG4-relat-
ed disease. Medicine (Baltimore) 2015; 94:
el707.

. KAWA S: Current concepts and diagnosis of

IgG4-related pancreatitis (Type 1 AIP). Sem-
in Liver Dis 2016; 36: 257-73.

. YAMAMOTO H, SUGIYAMA E, SERIKAWA M

et al.: Clinical features and predictive value
of serum inflammatory markers of perivascu-
lar involvement in immunoglobulin G4-relat-
ed disease. Heart Vessels 2017; 32: 1176-85.

. KAWA S, SKOLD M, RAMSDEN DB, PARKER

A, HARDING SJ: Serum IgG4 concentration
in IgG4-related disease. Clin Lab 2017; 63:
1323-37.

MOON SH, KIM M-H, LEE JK et al.: Develop-
ment of a scoring system for differentiating
IgG4-related sclerosing cholangitis from pri-
mary sclerosing cholangitis. J Gastroenterol
2017; 52: 483-93.

TANAKA A, TAZUMA S, NAKAZAWAT et al.:
No negative impact of serum IgG4 levels on
clinical outcome in 435 patients with prima-
ry sclerosing cholangitis from Japan. J Hepa-
tobiliary Pancreat Sci 2017; 24: 217-25.
TAN L, GUAN X, ZENG T et al.: The signifi-
cance of serum IgG4 and CA19-9, autoanti-
bodies in diagnosis and differential diagnosis
of IgG4-related sclerosing cholangitis. Scand
J Gastroenterol 2018; 53: 206-11.

QI R, CHEN LYC, PARK S et al.: Utility of
Serum IgG4 Levels in a Multiethnic Popula-

tion. Am J Med Sci 2018; 355: 61-6.

17. MARITATI F, ROCCO R, ACCORSI BUTTINI E
et al.: Clinical and prognostic significance of
serum IgG4 in chronic periaortitis. An analy-
sis of 113 Pptients. Front Immunol 2019; 10:
693.

18. TANG J, CAI S, YE C, DONG L: Biomarkers in
IgG4-related disease: A systematic review.
Semin Arthritis Rheum 2020; 50: 354-9.

19. AYDEMIR Y, AKCOREN Z, DEMIR H, SALTIK
TEMIZEL IN, OZEN H, YUCE A: Clinical and
histopathological features of immunoglobu-
lin G4-associated autoimmune hepatitis in
children. J Gastroenterol Hepatol 2019; 34:
742-6.

20. HAO M, LIU M, FAN G, YANG X, LI J: Diag-
nostic value of serum IgG4 for IgG4-related
disease: A PRISMA-compliant systematic
review and meta-analysis. Medicine (Balti-
more) 2016; 95: e3785.

21. CARRUTHERS MN, KHOSROSHAHI A,
AUGUSTIN T, DESHPANDE V, STONE JH:
The diagnostic utility of serum IgG4 concen-
trations in IgG4-related disease. Ann Rheum
Dis 2015; 74: 14-8.

22. DOORENSPLEET ME, HUBERS LM, CULVER
EL et al.: Immunoglobulin G4(+) B-cell re-
ceptor clones distinguish immunoglobulin
G 4-related disease from primary sclerosing
cholangitis and biliary/pancreatic malignan-
cies. Hepatology 2016; 64: 501-7.

23. EBBO M, GRADOS A, BERNITE et al.: Patho-
logies associated with serum I1gG4 elevation.
Int J Rheumatol 2012; 2012: 602809.

24. MOHAPATRA S, CHARILAOU P, SHARMA A
et al.: Significance of peripheral eosinophilia
for diagnosis of IgG4-related disease in sub-
jects with elevated serum IgG4 levels. Pan-
creatology 2020; 20: 74-8.

25.ZHANG X, ZHANG P, LI J et al.: Different
clinical patterns of IgG4-RD patients with
and without eosinophilia. Sci Rep 2019; 9:
16483.

26. CHAN ASY, MUDHAR H, SHEN SY et al.
Serum IgG2 and tissue IgG2 plasma cell ele-
vation in orbital IgG4-related disease (IgG4-
RD): Potential use in IgG4-RD assessment.
Br J Ophthalmol 2017; 101: 1576-82.

27. CULVER EL, SADLER R, BATEMAN AC et al.:
Increases in IgE, eosinophils, and mast cells
can be used in diagnosis and to predict re-
lapse of IgG4-related disease. Clin Gastro-
enterol Hepatol 2017; 15: 1444-52 e1446.

28. MARTIN-NARES E, SAAVEDRA-GONZALEZ
V, FAGUNDO-SIERRA R et al.: Serum im-
munoglobulin free light chains and their as-
sociation with clinical phenotypes, serology
and activity in patients with IgG4-related
disease. Sci Rep 2021; 11: 1832.

29. IKEMUNE M, UCHIDA K, TSUKUDA S et al.:
Serum free light chain assessment in type
1 autoimmune pancreatitis. Pancreatology
2021;21: 658-65.

30. GRADOS A, EBBO M, BOUCRAUT J et al.:
Serum immunoglobulin free light chain as-
sessment in IgG4-related disease. Int J Rheu-
matol 2013; 2013: 426759.

31. WALLACE ZS, MATTOO H, CARRUTHERS M
et al.: Plasmablasts as a biomarker for IgG4-
related disease, independent of serum IgG4
concentrations. Ann Rheum Dis 2015; 74:
190-5.

Clinical and Experimental Rheumatology 2022



Biomarkers in IgG4-related disease / L. Iaccarino et al.

32. LIN W, ZHANG P, CHEN H et al.: Circulat-
ing plasmablasts/plasma cells: a potential
biomarker for IgG4-related disease. Arthritis
Res Ther 2017, 19: 25.

33. LANZILLOTTA M DELLA-TORRE E, MILANI R
et al.: Increase of circulating memory B cells
after glucocorticoid-induced remission iden-
tifies patients at risk of IgG4-related disease
relapse. Arthritis Res Ther 2018; 20(1): 222.

34. LANZILLOTTA M, DELLA-TORRE E, MILANI
R et al.: Effects of glucocorticoids on B-cell
subpopulations in patients with IgG4-related
disease. Clin Exp Rheumatol 2019; 37 (Sup-
pl. 118): S159-66.

35. AKIYAMA M, SUZUKI K, YAMAOKAK et al.:
Number of circulating follicular helper 2 T
cells correlates with IgG4 and interleukin-4
levels and plasmablast numbers in IgG4-re-
lated disease. Arthritis Rheumatol 2015; 67:
2476-81.

36. GRADOS A, EBBO M, PIPEROGLOU C et al.:
T Cell Polarization toward TH2/TFH2 and
TH17/TFH17 in Patients with IgG4-Related
Disease. Front Immunol 2017; 8: 235.

37. DELLA-TORRE E, BOZZALLA-CASSIONE E,
SCIORATI C et al.: A CD8alpha- subset of
CD4*SLAMFT7* cytotoxic T cells is expanded
in patients with IgG4-related disease and de-
creases following glucocorticoid treatment.
Arthritis Rheumatol 2018; 70: 1133-43.

38. CAPECCHI R, ITALIANI P, PUXEDDU I et al.:
IL-1 family cytokines and receptors in IgG4-
related disease. Cytokine 2018; 102: 145-8.

39. YAMAMOTO M, TAKANO K, KAMEKURA R
et al.: Stage classification of IgG4-related
dacryoadenitis and sialadenitis by the se-
rum cytokine environment. Mod Rheumatol
2018;28: 1004-8.

40. KASASHIMA S, KAWASHIMA A, ZEN Y et al.
Upregulated interleukins (IL-6, IL-10, and
IL-13) in immunoglobulin G4-related aor-
tic aneurysm patients. J Vasc Surg 2018; 67:
1248-62.

41. MINAGA K, WATANABE T, HARA A et al.
Identification of serum IFN-alpha and IL-33
as novel biomarkers for type 1 autoimmune
pancreatitis and IgG4-related disease. Sci
Rep 2020; 10: 14879.

42. MINAGA K, WATANABE T, KAMATA K,
TAKENAKA M, YASUKAWA S, KUDO M: The
IFN-alpha-IL-33 axis as possible biomarkers
in igg4-related disease. Am J Gastroenterol
2019; 114: 1002-3.

43. AKIYAMA M, YASUOKA H, YOSHIMOTO K,
TAKEUCHI T: CC-chemokine ligand 18 is
a useful biomarker associated with disease
activity in IgG4-related disease. Ann Rheum
Dis 2018; 77: 1386-7.

44. TAKANASHI S, KIKUCHI J, SASAKI T et al.:
Lymphadenopathy in IgG4-related disease: a
phenotype of severe activity and poor prog-
nosis, with eotaxin-3 as a new biomarker.
Rheumatology (Oxford) 2021; 60: 967-75.

45. KIYAMA K, KAWABATA D, HOSONO Y et al.:
Serum BAFF and APRIL levels in patients
with IgG4-related disease and their clinical
significance. Arthritis Res Ther 2012; 14:
R86.

46. KASASHIMA S, KAWASHIMA A, KASASHIMA
F, ENDO M, MATSUMOTO Y, KAWAKAMI
K: Inflammatory features, including symp-
toms, increased serum interleukin-6, and

Clinical and Experimental Rheumatology 2022

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

C-reactive protein, in IgG4-related vascular
diseases. Heart Vessels 2018; 33: 1471-81.
HANDA T, MATSUI S, YOSHIFUJI H et al.:
Serum soluble interleukin-2 receptor as a
biomarker in immunoglobulin G4-related
disease. Mod Rheumatol 2018; 28: 838-44.
KARIM AF, EURELINGS LEM, BANSIE RD,
VAN HAGEN PM, VAN LAAR JAM, DIK WA:
Soluble interleukin-2 receptor: a potential
marker for monitoring disease activity in
IgG4-related disease. Mediators Inflamm
2018;2018: 6103064.

ZONGFEI J, LINGYING M, LIJUAN Z et al.:
Prognostic factors in IgG4-related disease: a
long-term monocentric Chinese cohort study.
Clin Rheumatol 2021, 40: 2293-300.
HUBERS LM, VOS H, SCHUURMAN AR et al.:
Annexin All is targeted by IgG4 and IgG1
autoantibodies in IgG4-related disease. Gut
2018; 67: 728-35.

LIU H, PERUGINO CA, GHEBREMICHAEL M
et al.: Disease severity linked to increase in
autoantibody diversity in IgG4-related dis-
ease. Arthritis Rheumatol 2020; 72: 687-93.
KAWANO M, SAEKI T, NAKASHIMA H et al.:
Proposal for diagnostic criteria for 1gG4-re-
lated kidney disease. Clin Exp Nephrol 2011;
15: 615-26.

KIHARA M, SUGIHARA T, HOSOYA T, MIYA-
SAKAN: Clinical significance of complement
as a biomarker of disease activity in 4 cases
of IgG4-related disease with retroperitoneal
fibrosis. Clin Exp Rheumatol 2013; 31: 947-
9.

PENG L, LU H,ZHOU J et al.: Clinical charac-
teristics and outcome of 1gG4-related disease
with hypocomplementemia: a prospective
cohort study. Arthritis Res Ther 2021; 23:
102.

ZHANG W, STONE JH: Management of 1gG4-
related disease. Lancet Rheumatol 2019; 1:
ES55-E65.

LANZILLOTTA M, CAMPOCHIARO C, MAN-
CUSO G et al.: Clinical phenotypes of IgG4-
related disease reflect different prognostic
outcomes. Rheumatology (Oxford) 2020; 59:
2435-42.

TSUBOTA K, USUI Y, NEMOTO R, GOTO H:
Identification of markers predicting clinical
course in patients with IgG4-related ophthal-
mic disease by unbiased clustering analysis.
J Clin Med 2020; 9: 4084.

MATSUMOTO H, FUJITA Y, MATSUOKA N et
al.: Serum checkpoint molecules in patients
with IgG4-related disease (IgG4-RD). Ar-
thritis Res Ther 2021, 23: 148.

ARAI 'Y, YAMASHITA K, KURIYAMAK et al.:
Plasmacytoid dendritic cell activation and
IFN-alpha production are prominent features
of murine autoimmune pancreatitis and hu-
man IgG4-related autoimmune pancreatitis.
J Immunol 2015; 195, 3033-44.
LANZILLOTTA M, MANCUSO G, DELLA-
TORRE E: Advances in the diagnosis and
management of IgG4 related disease. BMJ
2020; 369: m1067.

XU WL, LING YC, WANG ZK, DENG F:
Diagnostic performance of serum I1gG4 level
for IgG4-related disease: a meta-analysis. Sci
Rep 2016; 6: 32035.

TABATA T, KAMISAWA T, TAKUMA K et al.:
Serial changes of elevated serum IgG4 levels

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73

74

75.

76.

77.

in IgG4-related systemic disease. Intern Med
2011; 50: 69-75.

MATTOO H, MAHAJAN VS, DELLA-TORRE E
et al.: De novo oligoclonal expansions of cir-
culating plasmablasts in active and relapsing
IgG4-related disease. J Allergy Clin Immunol
2014; 134: 679-87.

BERTI A, DELLA-TORRE E, GALLIVANONE
F et al.: Quantitative measurement of 18F-
FDG PET/CT uptake reflects the expansion
of circulating plasmablasts in IgG4-related
disease. Rheumatology (Oxford) 2017; 56:
2084-92.

KUBO S, NAKAYAMADA S, ZHAO J et al.:
Correlation of T follicular helper cells and
plasmablasts with the development of organ
involvement in patients with IgG4-related
disease. Rheumatology (Oxford) 2018; 57:
514-24.

XIA C,LIU C, LIU Y, LONG Y, XU L, LIU C:
Increased circulating Th1 and Tfh1 cell num-
bers are associated with disease activity in
glucocorticoid-treated patients with IgG4-
related disease. J Immunol Res 2020; 2020:
3757015.

CARGILL T, MAKUCH M, SADLER R et al.:
Activated T-follicular helper 2 cells are as-
sociated with disease activity in IgG4-related
sclerosing cholangitis and pancreatitis. Clin
Transl Gastroenterol 2019; 10: 00020
(2019).

UMEDA M, ORIGUCHI T, KAWASHIRI S-Y
et al.: Thymus and activation-regulated
chemokine as a biomarker for IgG4-related
disease. Sci Rep 2020; 10: 6010.

ZONGFEI J, RONGYI C, XIAOMENG C et al.:
In vitro IL-6/IL-6R trans-signaling in fibro-
blasts releases cytokines that may be linked
to the pathogenesis of IgG4-related disease.
Front Immunol 2020; 11: 1272.

WALLACE ZS, MATTOO H, MAHAJAN VS et
al.: Predictors of disease relapse in IgG4-
related disease following rituximab. Rheu-
matology (Oxford) 2016; 55: 1000-8.
SASAKI T, AKIYAMA M, KANEKO Y et al.:
Risk factors of relapse following glucocor-
ticoid tapering in IgG4-related disease. Clin
Exp Rheumatol 2018; 36 (Suppl. 112): S186-
9.

MOUSSIEGT A, MULLER R, EBBO M et al.:
IgG4-related disease and hypereosinophilic
syndrome: Overlapping phenotypes. Autoim-
mun Rev 2021; 20: 102889.

.LIU Y, ZENG Q, ZHU L et al.: Relapse pre-

dictors and serologically unstable condition
of IgG4-related disease: a large Chinese
cohort. Rheumatology (Oxford) 2020; 59:
2115-23.

. OHTA N, KURAKAMI K, ISHIDA A et al.

Roles of TGF-beta and periostin in fibroscle-
rosis in patients with IgG4-related diseases.
Acta Otolaryngol 2013; 133: 1322-7.
PERUGINO CA, STONE JH: IgG4-related dis-
ease: an update on pathophysiology and im-
plications for clinical care. Nat Rev Rheuma-
tol 2020; 16: 702-14.

ISLAM SA, LING MF, LEUNG J, SHREFFLER
WG, LUSTER AD: Identification of human
CCRS8 as a CCL18 receptor. J Exp Med 2013;
210: 1889-98.

SCHUTYSER E, RICHMOND A, VAN DAMME
J: Involvement of CC chemokine ligand 18

S-79



Biomarkers in IgG4-related disease / L. Iaccarino et al.

78.

79.

(CCL18) in normal and pathological pro-
cesses. J Leukoc Biol 2005; 78: 14-26.
HOFFMANN-VOLD AM, TENNOE AH, GAREN
T et al.: High level of chemokine CCL18 is
associated with pulmonary function deterio-
ration, lung fibrosis progression, and reduced
survival in systemic sclerosis. Chest 2016;
150: 299-306.

YANABA K, ASANO Y, TADA Y, SUGAYA M,
KADONO T, SATO S: Clinical significance of
serum growth differentiation factor-15 levels
in systemic sclerosis: association with dis-

S-80

80.

81.

82.

ease severity. Mod Rheumatol 2012; 22: 668-
75.

KAWASHIRI SY, ORIGUCHI T, UMEDA M et
al.: Association of serum levels of fibrosis-
related biomarkers with disease activity in
patients with IgG4-related disease. Arthritis
Res Ther 2018; 20: 277.

PARKES J, RODERICK P, HARRIS S et al.:
Enhanced liver fibrosis test can predict clini-
cal outcomes in patients with chronic liver
disease. Gur 2010; 59: 1245-51.
DELLA-TORRE E, FEENEY E, DESHPANDE V

et al.: B-cell depletion attenuates serological
biomarkers of fibrosis and myofibroblast ac-
tivation in IgG4-related disease. Ann Rheum
Dis 2015; 74: 2236-43.

83. TANG J, CAI S, YE C, DONG L: Biomarkers in

IgG4-related disease: A systematic review.
Semin Arthritis Rheum 2020; 50: 354-9.

84. HARA A, WATANABE T, MINAGA K, YOSHI-

KAWA T, KAMATA K, KUDO A: Biomarkers in
autoimmune pancreatitis and immunoglobu-
lin G4-related disease. World J Gastroenterol
2021; 27: 2257-69.

Clinical and Experimental Rheumatology 2022



