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Abstract. Immonoglobulin G4-related ophthalmic
disease (IgG4-ROD) is a [gG4-RD and exhibits two main
characteristics: Fibrosis that is not necessarily marked histo-
pathologically; and frequent formation of germinal centers
(GCs). Follicular B helper T (Tfh) cells are now recognized
as the true helper cells for B cells in antibody responses. In
the present study, the profile and distribution of Tth cells in
involved tissues from patients with IgG4-ROD was compared
to those of type 1 autoimmune pancreatitis (AIP) and patients
with IgG4-related lymphadenopathy (IgG4-RL). A total of
7 patients with IgG4-ROD, 7 patients with type 1 AIP or
IgG4-RL and 7 IgG4-negative controls were evaluated. The
expression of Tfh-cell immunological proteins, the induc-
ible T-cell costimulator, B-cell lymphoma 6 protein, C-X-C
chemokine receptor type 5 (CXCRS5) and interleukin-21
(IL-21) in affected tissues was analyzed using immunohis-
tochemical staining and dual immunofluorescence. It was
demonstrated that patients with IgG4-RD exhibited a signifi-
cantly increased number of CD4*CXCRS5* Tth cells compared
with the IgG4-negative controls. Furthermore, CD4*CXCRS5*
Tfh cells were detected in and outside of GCs in patients with
IgG4-ROD and IgG4-RLF, whereas CD4*CXCRS5* Tfh cells
were randomly distributed in areas demonstrating type 1 AIP.
Fewer CD4*CXCR5* Tfh cells were observed in patients
with type 1 AIP compared with patients with IgG4-ROD
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and IgG4-RL. In addition, increased expression of IL-21 was
observed in patients with IgG4-ROD and IgG4-RL compared
with type 1 AIP. IL-21 expression was positively correlated
with the IgG4/IgG ratio in immunohistochemically-positive
cells. The results of the present study indicate that Tfh cells
are involved in the histopathological pathogenesis of [gG4-RD
and may serve a different role in IgG4-ROD and type 1
AIP. Tfh cells may serve a direct role in the IL-21-mediated
pathogenesis of IgG4-ROD.

Introduction

Immunoglobulin G4-related disease (IgG4-RD) is a chronic
disorder of an unknown etiology with multiple organ involve-
ment. It was first observed in the pancreas and is now known
as type 1 autoimmune pancreatitis (AIP)/IgG4-related pancre-
atitis (1-3). This condition has been observed to affect virtually
every organ: Orbital contents; bile ducts; salivary glands; retro-
peritoneum; pachymeninges; kidneys; lungs; lymph nodes;
aorta; arteries; breast; prostate; thyroid; pericardium; and
skin (3,4). Clinicopathological features demonstrate striking
similarities among the involved organs, including a tendency
to form tumefactive lesions, a dense lymphoplasmacytic
infiltrate rich in IgG4-positive plasma cells, storiform fibrosis,
frequent elevations of serum IgG4 levels and good response
to glucocorticoids (5,6). However, as a member of a broad
spectrum of IgG4-RD diseases, IgG4-R ophthalmic (O)D
(affects lacrimal glands, extraocular muscles, orbital nerve
and eyelid) differs from the other members of the IgG4-RD
group by two aspects: Fibrosis is not necessarily marked
histopathologically, and germinal centers (GCs) are frequently
observed (3,7). GCs are distinct structures within the B cell
follicles in the secondary lymphoid tissues and are major sites
of somatic hypermutation, class switching-associated recom-
bination and affinity maturation of activated B cells, and the
production of plasma cells and memory B cells (8,9). GCs
depend on cluster of differentiation 4-positive (CD4*) T cells
and it is now recognized that a subset of CD4* T cells, termed
follicular B helper T (Tfh) cells, are the true helper cells for
B cells in antibody (Ab) responses (10,11).

Tfh cells were first described in the year 2000 when
several groups reported that a significant proportion of C-X-C
chemokine receptor type 5 (CXCRS5)*CD4* T cells involved
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in B cell help for Ab responses in tonsils was situated in
GCs or follicles. These cells were subsequently termed Tfh
cells (12,13). Following 17 years of research, there is now an
improved understanding of the cellular and molecular mecha-
nisms of helper functions of Tth cells. The CXCRS5 serves as a
surface marker for Tfh cells, CD4+ T cells expressing CXCRS5
can migrate in response to the follicular chemokine B lympho-
cyte chemoattractant (also known as CXCL13), and relocate to
the border of T and B cell zone (T-B junction) and to the folli-
cles in secondary lymphoid organs (14,15). B cell lymphoma 6
(Bcl-6) was strongly expressed in Tfh cells but not in T helper
(Th)1 or 2 cells (16). Bcl-6 has been identified as a master regu-
lator of Tfh cell differentiation in 2009 (17-19), in the absence
of Bcl-6, Tfh cell differentiation ceases in vivo (17-19) while
other CD4+ Th cell subsets are relatively unaffected (18,19).
Tfh cells also express high levels of inducible T-cell costimu-
lator (ICOS) and interleukin (IL)-21 (13,16,20). IL-21 is a Tfth
cell-expressed helper cytokine (10) and the upregulation of
ICOS is essential for the initiation and maintenance of Tfh
differentiation (21,22).

The pathogenesis of IgG4-RD remains to be elucidated.
Researchers in the field of immunology identified certain
abnormal immunological mechanisms involved in the patho-
genesis of IgG4-RD. The results suggested that Th2 cells
and regulatory T cells (Tregs) as well as associated cyto-
kines, including IL-4, IL-10, IL-13 and transforming growth
factor B1, may serve key roles in the development of Mikulicz
disease, IgG4-related pancreatitis and cholangitis (23,24).
More recently, studies on the role of Th2 cytokines in
IgG4-RD indicated that IL-18 and interferon-y are implicated
in the pathogenesis of IgG4-related dacryoadenitis and sialo-
adenitis (25,26). Currently, increasing attention is paid to Tfh
cells; a higher frequency of GCs in patients with IgG4-ROD
indicates an increased number of activated B cells, which may
reflect the increase in Tfh cell number.

An association between Tth cells and autoimmunity has
been suggested in many autoimmune diseases, including
systemic lupus erythematosus (27,28), autoimmune thyroid
disease (29) and myasthenia gravis (30,31). Since the major
function of Tfh cells is to aid B cell activation and to stimulate
Ab responses, patients with IgG4-RD display elevated IgG4
concentrations in sera and infiltrated IgG4-positive cells in
associated tissues, suggesting the involvement of Tfth cells
in the pathogenesis. In the studies performed with peripheral
blood samples, Tth cells were related to the pathogenic process
of IgG4-RD (32,33). The profile and distribution of Tfh cells
in involved tissue, which demonstrates the association between
Tfh cells and IgG4-RD directly, has not been examined among
patients with IgG4-RD and IgG4-ROD patients demonstrating
GC formation.

In the following study, the expression of ICOS and Bcl-6
was increased in tissues of patients with [gG4-RD compared
with IgG4-negative controls. It was also demonstrated that
CD4*CXCRS5* Tfth cells were more abundant in patients
with IgG4-RD compared with the IgG4-negative controls.
Among patients with IgG4-RD, CD4*CXCR5* Tfh cells were
present in and outside GCs in patients with IgG4-ROD and
IgG4-related lymphadenopathy (IgG4-RL) while staining
for CD4 and CXCRS in pancreatic lesions appeared as a
randomly distributed pattern. Fewer CD4*CXCRS5* Tfh cells
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were observed in patients with type 1 AIP compared with
patients with IgG4-ROD and IgG4-RL. The expression of
IL-21 was coincidental with dual immunofluorescence of CD4
and CXCRS, and increased expression of IL-21 was observed
in patients with IgG4-ROD and IgG4-RL. IL-21 expression in
patients with Ig-G4-ROD was positively correlated with the
IgG4/1gG ratio in immunohistochemically (IHC)-positive
cells.

Materials and methods

Patients and samples. A total of 7 patients with IgG4-ROD
(4 men and 3 women; mean age + standard deviation age
60.9+7.5 years) referred to the Department of Ophthalmology at
the Shanghai Changzheng Hospital (Shanghai, China) between
January 2013 and June 2016 were included in the present study.
A total of 7 patients with type 1 AIP or IgG4-RL (6 men and
1 women; mean age + standard deviation age 56.0+7.0 Years)
who were referred to Renji Hospital (Shanghai, China) between
July 2012 and June 2016 were studied as disease positive
controls. Cases with normal serum IgG4 and no IgG4-positive
cells detected in tissue specimens (n=7) were designated
as IgG4-negative controls. [gG4-RD was diagnosed using
the following criteria (5,34): i) Clinical examination reveals
diffuse/localized swelling or masses in single or multiple
organs; ii) tissue biopsy meets at least two out of three major
histopathologic features of the disease: A lymphoplasmacytic
infiltrate, fibrosis (typically storiform); and obliterative phle-
bitis; and iii) infiltration of IgG4-positive plasma cells: Ratio
of IgG4-positive cells to IgG-postive cells of >40% and >10
IgG4-positive cells/high power field (magnification, x400).

The lesion specimens were collected from all patients with
IgG4-RD from whom written informed consent was obtained,
and tissues were used only for research purposes. The study
was approved by the Ethics Committee of Renji Hospital.

IHC staining. The primary antibodies used for the IHC were as
follows: Anti IgG4 (cat. no. abl09493; Abcam, Shanghai, China;
at 1/500 dilution); IgG (cat. no. ab109489; Abcam, Shanghai,
China; at 1/300 dilution); Bcl-6 (cat. no. ab41845; Abcam,
Shanghai, China; at 1/50 dilution); ICOS (cat. no. ab105227,
Abcam, Shanghai, China; at 1/50 dilution); IL-21 (cat. no. 118510;
and Abcam, Shanghai, China; at 1/200 dilution).

IHC analyses. Paraffin sections (4 ym-thick) were deparaf-
finized by immersion in xylene, followed by a hydration in
ethanol. An antigen retrieval was performed with EDTA pH 8.0
microwave repair method. Endogenous peroxide activity was
quenched by 3% hydrogen peroxide in water. Then the sections
were incubated for 30 min at room temperature with 3% bovine
serum albumin (BSA) (cat. no. A8020; Beijing Solarbio Science
and Technology Co., Ltd., Beijing, China) and incubated over-
night at 4°C with primary antibody. Thereafter, the sections were
incubated with a horseradish peroxidase-conjugated secondary
antibody (cat. no. K5007; Dako; Agilent Technologies, Inc.,
Santa Clara, CA, USA; at 1/1 dilution) for 50 min at room
temperature. The stain was prepared using diaminobenzidine
substrate (cat. no. K5007; Dako; Agilent Technologies, Inc.).
Sections were counterstained 3 min at room temperature with
Harris hematoxylin and mounted prior to analysis. Between each
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Table I. Clinical and serological characteristics of patients with immunoglobulin G4-related ophthalmic disease.

Exophthalmos

(mm) Right eye
Patient Age at Onset (orbital distance) IeG IgG4 IgE
no. Sex  onset, years time Onset signs and symptoms left eye) Side (g/h  (g/) TU/ml
1 M 74 1 year Diplopia, proptosis, swelling 15 (105) 14 Bil 337 385 368
2 M 57 8 years Proptosis, swelling 245 (113) 31 Bil 313 432 415
3 F 68 3 months  Proptosis 20 (103) 24 Bil 977 3.26 415
4 F 59 6 months  Swelling 13 (110) 13 Bil 226 202 1140
5 M 59 5 years Swelling 14 (110) 20 Bil 189 123 5
6 F 52 5 months  Swelling, ptosis 14 (107)15 Left 162 848 495
7 M 57 7 years Proptosis, swelling 26 (99) 28 Bil 258 17.5 319

M, male; F, female; Bil, bilateral; IgG, immunoglobin G.

Table II. Clinical and serological characteristics of patients with type 1 AIP or IgG4-RL and IgG4-negative controls.

A, Patients with type 1 AIP or IgG4-RL

Patient no. Sex  Age at onset, years Affected organ IgG4 (g/l) Onsettime Onset signs and symptoms
8 M 57 Pancreas, lymph node N 0.5 months  Asyptomatic, occupying
9 M 67 Pancreas N 10 days Abdominal pain, swelling
10 M 62 Pancreas N 2 months Abdominal pain, swelling
11 M 49 Pancreas, lymph node 10.1 2 weeks Asyptomatic, occupying
12 M 54 Lymph node 28.1 1 years Swelling
13 M 56 Lymph node N 0.5 months ~ Swelling
14 F 47 Lymph node N 4 years Swelling
B, IgG4-negative controls
Patientno. Sex Age at onset, years Affected organ IgG4 (g/1) Onsettime Onset signs and symptoms
15 F 25 Labial gland 0.85 1.5 years Dry mouth, dry skin
16 F 52 Orbital tissue 0.35 10 years Swelling
17 F 44 Peripancreatic lymph node 0.90 1 years Abdominal pain, swelling
18 M 59 Submandibular gland 1.27 1 month Swelling
19 M 43 Pancreas 0.71 1 year Abdominal pain
20 F 55 Orbital tissue 1.25 7 months Orbital pain
21 F 63 Bile duct 0.74 2 months Yellowing and pruritus of
the skin

M, male; F, female; N, not measured; type 1 AIP, autoimmune pancreatitis; [lgG4-RL, immunoglobulin G4-related lymphadenopathy.

step of the analysis, sections were rinsed with PBS three times,
5 min each. IHC images were captured using a light microscope
equipped with a digital camera (Olympus Corporation, Tokyo,
Japan). Stained IgG4- and IgG-positive cells were counted in
three high-power fields with the highest density of positive
cells and an average was calculated (5). Semiquantification
of IL-21 was performed as previously described with a slight
modification in the grade classification of staining intensity and
percentage of positive cells (35). Depending on the proportion

of positive stained cells (PP): <5% was scored 0, 6-25% was
scored 1, 26-50% was scored 2, 51-75% was scored 3 and >75%
was scored 4. According to the staining intensity (SI): No
color was scored 0, light yellow was scored 1, light brown was
scored 2, brown was scored 3. PP was multiplied by SI to obtain
a total IHC score for any given sample.

Double-labeled immunofluorescence for CD4, CXCR5 and
IL-21. Sections were de-waxed by xylene, then hydrated through
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Figure 1. Expression of IgG4 in IgG4-RD and IgG4-negative controls. (A) A large number of IgG4-positive cells infiltrated the lymph node of an IgG4-RL
sample. (B) Pancreas sample from type 1 autoimmune pancreatitis. (C) Lacrimal gland sample from an IgG4-ROD patient. (D) Lymph node sample from the
IgG4-negative control exhibiting no IgG4-positive cells. (E) Pancreatic specimen from the IgG4-negative control exhibiting no IgG4-positive cells. (F) Orbital
tissue from the from the IgG4-negative control exhibiting no IgG4-positive cells. Scale bar, 200 ym; magnification, x40. Ig, immunoglobulin; RD, related

disease; RL, related lymphadenopathy; ROD, related ophthalmic disease.

a graded ethanol series, and washed with distilled water. Antigen
retrieval and serum block were performed using a similar
method to the IHC staining. The primary antibodies used for the
analysis of co-expression of CD4 and CXCRS5 were anti-CD4
(cat. no. GB13064; Goodbio technology, Wuhan, Hubei, China;
at 1/50 dilution), anti-CXCRS5 (cat. no. GTX100351; GeneTex,
Inc., Irvine, CA, USA; at 1/100 dilution). The anti-IL-21 goat
polyclonal antibody was used to analyze the co-expression of
IL-21 and CXCRS (cat. no. GTX82914; GeneTex, Inc.; at 1/200
dilution while anti-CXCRS5 at 1/200 dilution). Cy3-conjugated
goat anti-mouse IgG (cat no. GB21301; Goodbio technology;
at 1/300 dilution), Alexa 488-conjugated goat anti-rabbit IgG
(cat no. GB25303; Goodbio technology; at 1/400 dilution),
Cy3-conjugated donkey anti-goat IgG (catno. GB21404; Goodbio
technology; at 1/300 dilution) and Alexa 488-conjugated donkey
anti-rabbit IgG (cat no. GB2540311; Goodbio technology; at
1/400 dilution) were used as fluorochrome-conjugated second
antibodies. Then the sections were sequentially incubated with
primary antibodies overnight at 4°C, corresponding second
antibodies for 50 min at room temperature and DAPI for 10 min
at room temperature. Between each step, sections were rinsed
with PBS three times, 5 min each. Fluorescence images were
captured using a fluorescence microscope (Nikon Corporation).

Statistical analysis. Differences in the IHC staining scores
between more than two groups were determined using the
Kruskal-Wallis test and differences between two groups were
determined using the Mann-Whitney U test (two-tailed).
Spearman's rank correlation coefficient was used to assess the
correlation between IL-21 expression and the ratio of IgG4-
to IgG-positive cells in IgG4-ROD samples. All statistical
analyses were performed using SPSS software (version 20;
IBM Corp., Armonk, USA). P<0.05 was considered to indicate
a statistically significant difference.

Results
Patient profiles. The clinical and serological characteristics

of patients with IgG4-ROD are presented in Table I. Patients
with IgG4-ROD were predominantly middle-aged to elderly

males. IgG4-ROD affected the lacrimal gland in 6 patients
the orbital soft tissue in 2 patients, including the orbital apex.
Computed tomography or magnetic resonance imaging iden-
tified space-occupying lesions of lacrimal gland or orbital
cavity. Serum IgG and IgG4 were elevated in all patients with
a median level of 22.6 g/I (P25-P75: 16.2-31.3 g/I) and 17.5 g/1
(P25-P75: 8.5-38.5 g/1), respectively. With the exception of
1 patient, the serum IgE value for all patients was elevated
above the normal limit (<165 IU/ml). Case 2 exhibited para-
nasal sinusitis and case 5 exhibited bronchial asthma. Clinical
and serological characteristics of patients with type 1 AIP
or IgG4-RL and IgG4-negative controls are summarized in
Table II. Immunohistochemistry results demonstrated that
IgG4-positive cells mainly infiltrated the interfollicular areas
in lymph nodes (Fig. 1A), areas around the acinar and ductal
cells in pancreas (Fig. 1B) and diffusely in lacrimal glands
(Fig. 1C).

Expression of Bcl-6 and ICOS. The expression of Bcl-6, a
master regulator transcription factor in Tth cells and ICOS, a
surface marker of Tfh cells, was examined (Fig. 2). In patients
with I[gG4-ROD, the nuclear expression of Bcl-6 and expression
of ICOS were predominantly detected in GCs, and to a lesser
extent in infiltrating lymphocytes outside the GCs (Fig. 2A
and B). A small proportion of Bcl-6- and ICOS-positive
cells were randomly distributed within the pancreatic lesions
(Fig. 2E and F). In lymph nodes from patients with I[gG4-RL
positive staining for Bcl-6 and ICOS was only observed in
GCs (Fig. 2C and D). By contrast, the nuclear expression
of Bcl-6 was detected in relatively few lymphocytes in all
IgG4-negative controls and ICOS-positive cells were rarely
observed (Fig. 2G and H).

Increased number of CD4*CXCRS5* cells in involved tissues
of patients with IgG4-RD. The above results indicated that
expression of Bcl-6 and ICOS, which are the markers for Tth
cells, were increased in patients with IgG4-RD compared with
patients with IgG4-negative. CD4*CXCRS5" cells were exam-
ined using dual immunofluorescence staining for CD4 and
CXCRS5 using paraffin-embedded specimens from patients
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with IgG4-RD and IgG4-negative patients (Figs. 3 and 4).
In the IgG4-RD group, CD4*CXCR5" cells were randomly
distributed in areas of type 1 AIP (Figs. 3 and 4E) and were
predominantly detected in GCs and T-B junctions in lymph
nodes from IgG4-RL (Fig. 4C). CD4*CXCRS5* cells were scat-
tered and distributed in GCs within the orbital lesions in patients
with IgG4-ROD (Figs. 3 and 4A). In IgG4-negative controls,
numerous CD4-positive cells were observed; however, few
CD4*CXCRS5* cells could be identified (Fig. 3). The number of
CD4*CXCRS5* cells among involved tissues from patients with
IgG4-RD demonstrated significantly decreased CD4*CXCRS5*
cells in patients with type 1 AIP compared with patients with
[gG4-ROD and IgG4-RL (P=0.024 and 0.032, respectively),
there was no significant difference between IgG4-ROD and
IgG4-RL (Fig. 5).

Expression of IL-21 in involved tissues of patients with
IgG4-RD. IL-21 is the main effector cytokine produced by
Tfh cells (10) and the present study, using immunohisto-
chemical analyses, determined whether IL-21 is expressed
in samples from patients with IgG4-RD. All 16 IgG4-RD
samples expressed IL-21 (Fig. 6A). IL-21 was prominent in
GCs and less evident in infiltrating lymphocytes outside the
GCs in orbital lesions and lymph nodes. Staining for IL-21 in
pancreatic lesions appeared as a scattered pattern, primarily
in infiltrating lymphocytes around the acinar and slightly
detected in ductal cells. Fluorescence microscopy revealed
that the IL-21 expression in involved tissues from patients with
IgG4-RD coincided with their CXCRS5 expression (Fig. 6B).
While the scores from the IHC staining exhibit decreased
expression of patients with IL-21 in type 1 AIP compared with
patients with IgG4-ROD and IgG4-RL (P=0.042 and 0.016,
respectively), the scores were comparable between IgG4-ROD
and IgG4-RL patients (Fig. 6C).

Association between IgG4 production and expression of
IL-21 in patients with IgG4-ROD. The association between
IgG4 production and the levels of IL-21 THC scores in orbital
lesions was examined. Spearman's rank correlation analysis
demonstrated that the IL-21 THC scores in orbital lesions were
positively correlated with the ratio of IgG4-positive cells to
IgG-positive cells in patients with IgG4-ROD (Fig. 6D).

Discussion

The present study analyzed the expression of the key Tth
cell immunological proteins ICOS, Bcl-6, CXCRS and IL-21
in the affected tissues of patients with IgG4-RD, using THC
and dual immunofluorescence. The results demonstrated
increased expression of ICOS and Bcl-6 in the involved tissues
of patients with IgG4-RD compared with the IgG4-negative
control group. The CD4*CXCRS5* Tfh cells were more preva-
lent in IgG4-RD and scarce in the IgG4-negative control
group. Among patients with IgG4-RD, CD4*CXCR5* Tth
cells were detected inside and ouside GCs in patients with
[gG4-ROD and IgG4-RL, whereas staining for CD4 and
CXCRS5 in pancreatic lesions appeared as a randomly distrib-
uted pattern. A decreased number of CD4*CXCRS5™* Tth cells
was observed in patients with type 1 AIP compared with
IgG4-ROD and IgG4-RL patients. The expression of IL-21
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19G4-ROD

19G4-RL

Type 1 AIP
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Figure 2. Expression of Bcl-6 and ICOS. (A) ICOS-positive cells in the
lacrimal gland of the patients with [gG4-ROD. (B) Bcl-6-positive cells in
the lacrimal gland of the patients with IgG4-ROD. (C) ICOS-positive cells in
the lymph node of the patients with IgG4-RL. (D) Bcl-6-positive cells in the
lymph node of the IgG4-RL patients; (E) ICOS-positive cells in the pancreas
of the patients with type 1 AIP. (F) Bcl-6-positive cells in the pancreas of
the patients with type 1 AIP. (G) ICOS-positive cells in the labial gland
lesions of IgG4-negative controls. (H) Nuclear expression of Bcl-6 with few
mononuclear cells infiltrating the lesions in the labial gland of IgG4-negative
controls. ICOS and Bcl-6 images were captured from almost the exact same
fields. An enlarged part (inset) of each photograph is presented. Scale bars,
100 ym; magnification, x100. ICOS, inducible T-cell costimulatory; Bcl-6,
B cell lymphoma 6; Ig, immunoglobulin; ROD, related ophthalmic disease;
type 1 AIP, type 1 autoimmune pancreatitis; ROD, related ophthalmic
disease; RL, related lymphadenopathy.

was almost coincidental with the dual immunofluorescence
of CD4 and CXCRS and elevated expression of IL-21 was
observed in patients with [gG4-ROD and IgG4-RL. IL-21
expression was positively correlated with the IgG4/IgG ratio
in THC positive cells.

Naive CD4+ T cells may differentiate into one of several
lineages of Th cells and exert a variety of immunological
functions. These include clearing viruses, helminths and fungi
by Thl, Th2 and Thl7 cells, respectively, and suppressing
immune responses by induced Treg cells (36). Tfh cells are
a subset of CD4+ T cells that provide help for B cells during
the GC reaction (10). A large GC is frequently formed within
involved organs in individuals with IgG4-ROD (7,37) and is
presumably the source of IgG4-positive plasma cells. Based
on this observation, the present study targeted IgG4-ROD and
investigated the Tfh cell abundance in affected tissues.
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Figure 3. CD4*CXCRS5* cells in involved tissues of patients with IgG4-RD. Sections were stained for CD4 (red), CXCRS (green), cells in yellow indicate the
coexpression of CD4 and CXCRS. Upper row, lacrimal gland; middle row, pancreas; lower row, pancreas. Scale bars, 20 xm; magnification, x400. IgG4-RD,
immunoglobulin G4-related disease; CD4, cluster of differentiation 4; CXCRS, C-X-C chemokine receptor type 5.

1gG4-ROD

I9G4-RL

Type 1 AIP

Figure 4. Distribution of CD4*CXCRS5* cells among patients with [gG4-RD.
(A) Merged image of IgG4-RD lacrimal gland stained for CD4 and CXCRS.
(B) 1gG4-RD lacrimal gland with DAPI counterstain. (C) Merged image of
IgG4-RD lymph node stained for CD4 and CXCRS5. (D) IgG4-RD lymph node
with DAPI counterstain. (E) Merged image of IgG4-RD pancreas stained for
CD4 and CXCRS. (F) IgG4-RD pancreas with DAPI counterstain. Scale bars,
50 pm; magnification, x200. IgG4-RD, immunoglobulin G4-related disease;
CD4, cluster of differentiation 4; CXCRS, C-X-C chemokine receptor type 5.

Tfh cells depend on the expression of the master regulator
transcription factor Bcl-6 and distinguishing features of Tfh
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Figure 5. Frequency of CD4*CXCRS5* Tfh cells among patients with IgG4-RD.
"P<0.05. IgG4-RD, immunoglobulin G4-related disease; IgG4-ROD, immu-
noglobulin G4-related ophthalmic disease; type 1 AIP, type 1 autoimmune
pancreatitis; IgG4-RL, immunoglobulin G4-related lymphadenopathy.

cells are the expression of ICOS, CXCRS5, IL-21, programmed
cell death protein 1 and SLAM-associated protein (10). The
analysis of the expression of Bcl-6 and ICOS in patients with
IgG4-RD and IgG4-negative controls, revealed elevated expres-
sion of ICOS and Bcl-6 in the involved tissues of patients with
IgG4-RD. Tth cells require upregulation of Bcl-6 to develop and
perform their function in B cell maturation in GCs (38). Bcl-6
binding is associated with the control of Tfh cell migration
and repression of alternative cell fates (39). The upregulation
of ICOS is essential for the initiation and maintenance of Tth
differentiation, and CD4*CXCRS5* cells were scarce in mice
with B cell-specific deletion of ICOS ligand (11,21). Increased
expression of both Bcl-6 and ICOS in involved tissues of patients
with IgG4-RD indicated the presence of Tth cells.

Dual immunofluorescence of paraffin-embedded speci-
mens revealed increased numbers of CD4*CXCRS5* Tth cells
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Figure 6. Expression of IL-21 in involved tissues of patients with IgG4-RD. (A) Representative micrographs stained for IL-21 of pancreas (left), orbital soft
tissue (middle), and lymph node (right) with IgG4-RD (scale bar, 100 #m; magnification, x100). (B) Representative micrographs were from the orbital soft
tissue in IgG4-ROD patients. Immunofluorescent double staining of IL-21-positive cells (red) and CXCRS5* cells (green), cells in yellow indicate the coexpres-
sion of IL-21 and CXCRS5 (scale bars, 50 zm; magnification, x200). (C) Total THC scores for IL-21 for patients with IgG4-RD. “P<0.05. (D) Correlation between
1gG4 production and IL-21 IHC scores in orbital specimens from IgG4-ROD as determined by Spearman's rank test. IgG4-RD, immunoglobulin G4-related
disease; IgG4-ROD, immunoglobulin G4-related ophthalmic disease; type 1 AIP, type 1 autoimmune pancreatitis; [gG4-RL, immunoglobulin G4-related
lymphadenopathy; CXCRS, C-X-C chemokine receptor type 5; IL-21, interleukin 2; IHC, immunohistochemistry.

in all cases of IgG4-RD irrespective of the organs involved,
and an enhanced expression of Bcl-6 and ICOS, which
histopathologically indicated that this cell population was
involved in the pathogenesis of IgG4-RD. The frequency and
distribution of CD4*CXCRS5* Tfh cells differed in patients
with IgG4-ROD and type 1 AIP. CD4*CXCRS5* Tfh cells were
observed inside and outside GCs in patients with IgG4-ROD,
however they were randomly distributed and fewer in areas
of type 1 AIP compared with IgG4-ROD. The distribution
of CD4+CXCR5+ Tfh cells corresponded with the expres-
sion of Bcl-6 and ICOS. CXCRS5 is the canonical Tfh marker
and in the present study, CD4*CXCRS5* cells which localized
in GCs were considered as GC Tfh cells and predecessors
of those cells with Tfh-like characteristics (localized in
extrafollicles) were termed Pre-Tfh cells (10,11,40). Human
autoimmune diseases predominantly affect nonlymphoid
tissues, which frequently contain large numbers of infil-
trating, activated lymphocytes, as well as lymphoid-like
tissues with a GC. Tfh cells have been identified in nonlym-
phoid tissues, particularly in autoimmune diseases (41). High
frequency of GC formation and an increased number of Tth
cells in IgG4-ROD may suggest that IgG4-ROD is an auto-
immune disease and may also indicate that Tfh cells serve a
different role in IgG4-ROD and type 1 AIP, since GCs are

not commonly observed in type 1 AIP (42). Previous studies
considered blood CD4+CXCRS5+ cells as equivalents of Tfh
cells. Akiyama et al (32) demonstrated that the proportion of
circulating Tfth cells was significantly increased in patients
with IgG4-RD compared with patients with allergic rhinitis
or with healthy controls, and these results are consistent with
those obtained in the present study (11,15).

Tfh cells are a predominant source of IL-21 (43). In the
present study, IL-21 was abundant in GCs in orbital lesions
and lymph nodes, whereas staining for IL-21 in pancreatic
lesions appeared as a scattered pattern, primarily in infil-
trating lymphocytes around the acinar and ductal cells.
Expression of IL-21 was weaker in Type 1 AIP patients
compared with IgG4-ROD and IgG4-RL patients. The IL-21
expression in involved tissues from patients with I[gG4-RD
was coincidental with their CXCRS5 expression. Concurrent
expression of IL-21 and CXCRS5, together with the distri-
bution of IL-21-positive cells indicates that the IL-21 in
affected tissues of IgG4-ROD is mainly produced by Tfh
cells and the high expression of IL-21 in IgG4-ROD is due
to the increased number of Tfh cells. [gG4 production was
positively correlated with the IL-21 ITHC scores in patients
with IgG4-ROD. IL-21 can promote CD40L-mediated GC
B cell proliferation and drive human B cell differentiation
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into Ig-secreting cells in vitro (44,45). Additionally, IL-21
controls the maintenance and optimal affinity maturation
of the GC reaction by maintaining the Bcl-6 expression in
GC B cells in vivo (46,47). IL-21 can also contribute to IgG4
production in Mikulicz's disease (48) and the data obtained
in the present study demonstrates that Tfh-derived IL-21 can
promote B cell differentiation into IgG4-secreting cells in
patients with [gG4-ROD.

Based on the available data (32,33,41), it can be hypoth-
esized that chronic stimulation of orbital tissues by an
unknown antigen induces production of CXCL13, which in
turn recruits circulating Tfh and B cells. Interaction between
Tth and B cells triggers GC formation and B cell differentia-
tion into IgG4-producing cells through secretion of IL-21 in
1gG4-ROD.

Steroids represent an effective short-term treatment
of IgG4-RD, their effect typically becomes evident within
weeks; however, £40% of patients relapse within the
Ist year (49). Rituximab is a promising medication but resis-
tant cases have been reported (50). The aforementioned results
of the present study suggest that the use of T cell activation
inhibitors for Tth cells, including abatacept, could represent
an effective treatment of IgG4-RD. Yamamoto er al (51)
recently reported a rituximab-resistant IgG4-RD patient who
showed a good response to treatment with abatacept. Since
abatacept may affect Tfh cells in the GCs (51), it may exert
greater effect on patients with IgG4-ROD. Understanding of
the pathgenetic relevance of IL-17 in rheumatoid arthritis
and collagen-induced arthritis led to the development of a
semi-specific immunotherapy based on cytokine antagonism
for the treatment of these disorders (52,53). Identification
of IL-21 as a potentially key cytokine in IgG4-ROD may
enable the use of specific IL-21 antagonists in the treatment
of IgG4-ROD.

However, the significance of the present study is limited by
the number of patients analyzed. As clinicians are becoming
increasingly aware of IgG4-RD and the administration of
glucocorticoid therapy is more prevalent, invasive medical
procedures are less prevalent, decreasing the availability
of samples from IgG4-RD patients, especially those with
IgG4-ROD. Larger cohort studies performed in the future may
further elucidate the underlying mechanism of Tth cell action
in affected tissues.

In summary, in the present study CD4*CXCRS5* Tfh cells
were highly prevalent in IgG4-RD, and the frequency and
distribution of CD4+CXCRS5+ Tfh cells differed between
patients with IgG4-ROD and type 1 AIP, which may suggest
different roles for Tth cells in IgG4-ROD and type 1 AIP.
IL-21 was highly expressed in patients with IgG4-ROD and
Tfh-derived IL-21 can promote B cell to differentiate into
IgG4-secreting cells in IgG4-ROD, suggesting that Tfh cells
may have a direct role in the pathogenesis of IgG4-ROD.
These results make Tfh cells and IL-21 an important focus of
potential therapeutic methods to treat IgG4-ROD.
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