Figure 6 Dual immunostaining of transforming growth factor beta
1 (TGFf1) and FOXP3. The distribution of TGFp1- and FOXP3-
positive cells were different (TGFp1/brown, FOXP3/red).

cells, and CD4-positive cell distribution did not
correlate with cytokine-positive cell distribution.
Moreover, no double-positive cells were observed
upon double-immunostaining for each of the cyto-
kines with CD4.

Staining Pattern of IgE in Mast Cells of IgG4-Related
Disease

In IgG4-related disease and control groups tested, a
high number of mast cells were positive for IgE with
varying density and intensity. As is typical for IgE
immunostaining, IgE was observed to be weakly-to-
moderately expressed on cell surface membranes
(Figure 7a). No significant differences were observed
in the number of surface membrane IgE-positive
cells among the IgG4-related disease and control
groups. However, the IgG4-related disease contained
a large number of mast cells that were strongly
positive for cytoplasmic IgE (Figure 7a). The
distribution of the strongly cytoplasmic IgE-positive
cells correlated with KIT expression, and the
membranous colocalization of IgE and KIT was
confirmed by dual immunofluorescence (Figure 7b).

The number of strongly cytoplasmic IgE-positive
cells was significantly greater in IgG4-related dis-
ease (7.19+5.11cells/mm?2) than in sialolithiasis
(0.068 £0.15cells/mm?; P<0.01) and normal
(0.45+0.51 cells/mm?; P<0.01) control tissues
(Figure 7c).

Discussion

In this study, we confirmed the upregulation of T
helper 2 (IL4) and regulatory T-cell (IL10 and
TGFf1) cytokines in the paraffin-embedded tissue
of the submandibular gland IgG4-related disease by
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real-time PCR. Upregulation of IL5 was not observed
in this study, which is similar to previously publi-
shed data on real-time PCR for paraffin-embedded
tissue samples for IgG4-related disease.!! Interestingly,
our immunohistochemical studies detected a large
number of mast cells expressing T helper 2 (IL4) and
regulatory T-cell (IL10 and TGFf1) cytokines in the
submandibular gland IgG4-related disease, whereas
this was not the case for the control groups. Notably,
although the overall number of mast cells was
similar among the samples of submandibular gland
IgG4-related disease, submandibular sialolithiasis,
and normal submandibular gland, the IgG4-related
disease contained significantly more cytokine-
expressing mast cells. Furthermore, interestingly,
our immunohistochemical experiments provided no
evidence that T cells were producing the upregu-
lated cytokines. In our study, we considered FOXP3-
positive cells to be regulatory T cells, as FOXP3 is
considered to be a specific marker of regulatory
T cells, although a minor amount of effector T cells
can exhibit transient expression of FOXP3.12-14
It has been suggested that T helper 2 and regula-
tory T cells are most important in the pathogenesis
of IgG4-related disease. Although we did find that
the number of FOXP3-positive regulatory T cells was
significantly increased in IgG4-related disease in our
study, we did not find any evidence that the FOXP3-
positive regulatory T cells produced regulatory
cytokines. Thus, our results do not support the
hypothesis that T cells express the cytokines asso-
ciated with IgG4-related disease; rather, our data
indicate that mast cells are the source of these
upregulated cytokines. However, a close relation-
ship between regulatory T cells and mast cells has
been reported, and TGFf1 has been shown to
promote differentiation of naive T cells to regula-
tory T cells.’® Therefore, we hypothesized that the
upregulated mast cells produce TGFf1, which
secondarily promotes the differentiation of naive
T cells to regulatory T cells in the tissue affected.
We observed that mast cells in IgG4-related
disease were strongly positive for IgE. This result
suggests that IgE is associated with the pathogenesis
of IgG4-related disease. Consistent with this notion,
patients with IgG4-related disease frequently have
an allergic background, such as allergic rhinitis,
bronchial asthma, and atopic dermatitis. In addi-
tion, patients with this disease typically show
elevated serum IgE levels as well as elevated IgG4
levels.18 IgE is a key stimulator of mast cells, and the
mechanism underlying IgE stimulation of mast cells
to induce various immunological cascades has been
extensively studied. Notably, chronic elevation of
antigen-independent, non-specific IgE upregulates
the high-affinity IgE receptor, FceRI, on mast cells,
which inhibits mast cell apoptosis and promotes
cytokine production.’” Our observation that mast
cells in IgG4-related disease were strongly positive
for IgE supports the idea that IgE-mediated stimula-
tion of mast cells may have a role in the
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Figure 7 IgE expression in mast cells. (a) In IgG4-related disease, mast cells showed strong cytoplasmic positivity for IgE. In contrast,
mast cells in sialolithiasis and normal submandibular gland showed only moderate-to-weak IgE positivity and membranous localization.
(b) Colocalization of IgE- and KIT-positive cells was confirmed by dual immunofluorescence (IgE/red, KIT/green). (c) The number of
strongly cytoplasmic IgE-positive cells was counted per mm? and was significantly different between the IgG4-related disease and control
groups. (*P<0.01) (IgG4RD, submandibular IgG4-related disease; sialolithiasis, submandibular sialolithiasis; normal; normal
submandibular gland).
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pathogenesis of IgG4-related disease. However, it
remains to be determined why the IgE in these cells
was localized to the cytoplasm. Previous studies
have shown that the number of FceRI receptors on
mast cells greatly increases in the presence of
elevated serum IgE levels.!® Thus, it is possible
that what appeared to be cytoplasmic localization of
IgE in our immunostaining experiments may have
actually been the result of very high levels of
membrane-associated IgE. However, a few reports
have suggested that antigen cross-linking could lead
to the aggregation and internalization of FceRI. In
particular, IgE was detected in the cytoplasm of mast
cells as a result of the internalization and endocytosis
of FceRL'® These data suggest that the continuous
upregulation of mast cells might result in
endocytosis-mediated cytoplasmic accumulation of
IgE. However, this hypothesis should be based on
the existence of certain antigens, and the role of
internalization of FeeRI remains controversial.

Steroid therapy has been the first choice of
medication for IgG4-related disease. However, a
recent study reported a case of IgG4-related disease
that regressed after treatment with an antihistamine
agent (epinastine hydrochloride) alone, which in-
dicates an allergic background to the disease and
may indirectly suggest the involvement of mast
cells.?0 The in vitro effects of antihistamines on the
inhibition of mediator release from mast cells have
been reported.?’ Moreover, an in vitro study of
human conjunctival mast cells revealed that epina-
stine inhibited mast cell secretion of cytokines,
including 11.10.22 However, it remains unclear why
antihistamines inhibit cytokine secretion, although
H1 antagonism seems unrelated.

The pathogenesis of 1gGy-related disease
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Rituximab is another treatment currently being
used for refractory cases of IgG4-related disease.
Rituximab therapy has been reported to 3produce
rapid regression in refractory patients.?s Addi-
tionally, rituximab therapy was found to induce
regression of symptoms with a decrease in serum IgE
levels,?* and the concentration of IgE showed a
steeper decline than serum IgG4 levels. These results
provide additional evidence that the allergic reaction
mediated by IgE is an important factor in the
regulation of IgG4-related disease.

Hyper-IgE syndrome is a complex immunodefi-
ciency characterized by atopic dermatitis associated
with extremely high serum IgE levels and suscept-
ibility to infections with extracellular bacteria.?®
Despite the continuously elevated serum IgE level,
hyper-IgE syndrome shows clinical features that are
quite different from those of IgG4-related disease.
Furthermore, hyper-IgE syndrome has been linked
to mutations in signal transducer and activator of
transcription 3 (STAT3) and tyrosine kinase 2 (TYK2),
and to defective signal transduction pathways
involving multiple cytokines. In contrast to this
downregulation of cytokine signaling, IgG4-related
disease is associated with the upregulation of
multiple cytokine signals.

To our knowledge, this study provides the first
evidence relating mast cells to IgG4-related disease.
However, as mast cells are currently known as
powerful mediators of the immune response and
are closely related with allergic responses, the
involvement of mast cells in IgG4-related disease
seems logical. Moreover, mast cells have been
implicated in other inflammatory diseases. For
instance, it was reported that a large number of

Mast cell

Naive T-cell
(Tho}

Non-specific IgE

Figure 8 Model for the pathogenesis of IgG4-related disease. Because of an allergic background with the elevation of non-specific IgE
levels, activated mast cells produce interleukin 4 (IL4), IL10, and transforming growth factor beta 1 (TGFf1), which induce the distinctive
features of [gG4-related disease. In addition, IL4 and IL10 themselves induce IgE production to upregulate mast cells, and TGFf1 induces
the transformation of naive T cells to regulatory T cells. The relationship between regulatory T cells and mast cells remains unclear.
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mast cells was observed in periductal and ductal
fibrosis in primary sclerosing cholangitis (PSC) and
chronic sclerosing sialadenitis, indicating that mast
cells might contribute to fibrosis.26:2” Mast cell
expression of IL10, as observed in our immunohisto-
chemical experiments, may affect mast cell
involvement in IgG4-related disease. IL10 is known
to be an anti-inflammatory cytokine that can
suppress acquired or innate immune responses.
Mast cell-derived IL10 has been reported to limit
contact dermatitis and chronic irradiation with
ultraviolet B.2® Similarly, in IgG4-related disease,
mast cell production of IL10 may prevent allergic
inflammation in the affected organs.

On the basis of results of our study and those of
previously published reports, we established a
hypothesis for the pathogenesis of IgG4-related
disease, which is summarized in Figure 8. Patients
with IgG4-related disease usually have an allergic
background with elevation of non-specific IgE
levels. This antigen-independent non-specific IgE
binds to FceRI on mast cells to promote the
production of T helper 2 (IL4) and regulatory T-cell
(IL10 and TGFf1) cytokines, which induce the
distinctive features of IgG4-related disease such as
lymphoplasmacytic infiltration, interstitial fibrosis,
and IgG4 production. In addition, IL4 and IL10
induce IgE production, which promotes the upre-
gulation of mast cells. Although it is possible that
regulatory T cells interact with mast cells, their
involvement in this process is uncertain and they
might be secondarily recruited to the affected tissue.
According to this scenario, rituximab might exert its
effects through the inhibition of IgE-production of
B-cells (Figure 8). This model is based on the major
finding of this study, which indicates that mast cells
have a key role in IgG4-related disease.
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Association between IgG4-related disease
and progressively transformed germinal
centers of lymph nodes

Yasuharu Sato’, Dai Inoue?, Naocko Asano?®, Katsuyoshi Takata', Hideki Asaoku?,
Yoshinobu Maeda®, Toshiaki Morito®, Hirokazu Okumura’, Shin Ishizawa®, Shoko Matsui®,
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Progressively transformed germinal centers is a benign condition of unknown pathogenesis characterized by a
distinctive variant form of reactive follicular hyperplasia in lymph nodes. We recently reported lg G4-related
disease in progressively transformed germinal centers. However, no large case series has been reported and
clinicopathologic findings remain unclear. Here, we report 40 Japanese patients (28 men, 12 women; median
age, 56 years) with progressively transformed germinal centers of the lymph nodes who fulfilled the histological
diagnostic criteria for IgG4-related disease (IgG4* progressively transformed germinal centers), with
asymptomatic localized lymphadenopathy involving the submandibular nodes in 24, submandibular and
cervical nodes in 14, cervical nodes only in 1, and cervical and supraclavicular nodes in 1. In all, 16 (52%) of 31
examined patients had allergic disease. Histologically, the lymph nodes demonstrated uniform histological
findings, namely marked follicular hyperplasia with progressively transformed germinal centers, and
localization of the majority of IgG4+ plasma cells in the germinal centers. Serum IgG4, serum IgE and
peripheral blood eosinophils were elevated in 87%, 92% and 53% of examined patients, respectively. Eighteen
patients subsequently developed extranodal lesions (including five who developed systemic disease), which on
histological examination were consistent with lgG4-related disease. IgG4* progressively transformed germinal
centers presents with uniform clinicopathological features of asymptomatic localized submandibular
lymphadenopathy, which persists and/or relapses, and sometimes progresses to extranodal lesions or
systemic disease. Nine patients were administered steroid therapy when the lesions progressed, to which all
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responded well. We suggest that IgG4* progressively transformed germinal centers should be included in the

IgG4-related disease spectrum.

Modern Pathology (2012) 25, 956-967; doi:10.1038/modpathol.2012.54; published online 6 April 2012

Keywords: 1gG4-related disease; 1gG4-related lymphadenopathy; PTGC

The term progressively transformed germinal cen-
ters was first used by Lennert and Miiller-Herme-
link to describe reactive follicular hyperplasia in the
lymph nodes,* and progressively transformed germ-
inal centers is observed in approximately 4% of
patients with unspecific lymphadenopathy.*®
Germinal centers in affected lymph nodes are
usually larger than regular germinal centers and
composed mainly of mantle zone lymphocytes and
remnants of germinal center cells. Although relapse
is frequent, affecting about 20% of patients, pro-
gressively transformed germinal centers is consid-
ered a non-malignant condition.?™®

IgG4-related disease is a recently recognized
syndrome characterized by mass-forming lesions
with lymphoplasmacytic infiltration, accumulation
of IgG4™ plasma cells in affected tissues and
increased serum IgG4 levels.”* IgG4-related disease
generally involves either localized or systemic
lymph nodes,®'*** and five histological subtypes
of IgG4-related lymphadenopathy have been recog-
nized.® In 2009, we were the first to report patients
with IgG4-related disease in progressively trans-
formed germinal centers of the lymph nodes
(progressively transformed germinal centers-type
IgG4-related lymphadenopathy).'* Recently, while
no large series has yet been reported, Grimm et al*®
included 14 cases with progressively transformed
germinal centers in their series. However, clinico-
pathologic findings remain unclear.

Here, we report the clinicopathological character-
istics of 40 cases of progressively transformed
germinal centers of the lymph nodes that fulfill
the histological diagnostic criteria for IgG4-related
disease.

Materials and methods
Case Selection

Two of us (YS and TY) reviewed the Pathology
Department database of our institution using the
search terms ‘progressively transformed germinal
centers,” ‘follicular hyperplasia’ and ‘lymph node’
for the 13-year period from 1998 to 2011. In all, 62
cases of progressively transformed germinal centers
were identified, 40 of which fulfilled the histologi-
cal diagnostic criteria of IgG4-related disease,
namely the presence of IgG4™* plasma cells >100/
high-power fields (HPFs) and IgG4*/IgG™ plasma
cell ratio >40% (IgG4™* progressively transformed
germinal centers) (Table 1), whereas 22 did not
(IgG4~ progressively transformed germinal centers).

The histological diagnostic criteria were outlined by
the International Symposium on IgG4-RD (Boston,
MA, USA, on 4-7 October 2011; http://www2.mass-
general.org/pathology/symposium/IgG4_related -
systemic_dis.asp).

The clinical records and pathology materials of all
cases were reviewed, and cases of multicentric
Castleman’s disease, malignant lymphoma or other
lymphoproliferative disorders (including rheuma-
toid arthritis-related lymphadenopathy and other
immune-mediated conditions, and so on) were
histologically and clinically excluded.

Histological Examination and Immunohistochemistry

Surgically biopsied lymph node specimens were
fixed in 10% formaldehyde and embedded in
paraffin. Serial sections (4 um) were cut from each
paraffin-embedded tissue block, and several sections
were stained with hematoxylin and eosin. Immuno-
histochemistry was performed on paraffin sections
using an automated Bond Max stainer (Leica Bio-
systems, Melbourne, Australia). The primary anti-
bodies used were as follows: IgG (polyclonal
(1:10000); Dako), IgG4 (HP6025 (1:400); The
Binding Site), Kappa (NCL-KAP (1:100); Novocastra)
and Lambda (NCL-LAM (1:200); Novocastra). The
number of [gG4* or IgG™ plasma cells was estimated
for areas with the highest density of positive
cells. Three different HPF (x 10 in the eyepiece
and x40 in the lens) in each section were counted,
and the average number of positive cells per HPF
was calculated.

Polymerase Chain Reaction for the Detection of Ig
Heavy-Chain Gene Rearrangement

Ig heavy-chain gene rearrangement was analyzed by
polymerase chain reaction performed according to
standard procedures as described previously.™ The
primers used for Ig heavy-chain gene amplification
were 5-TGG[A/G|TCCGI[C/AJCAGI[G/CIC[T/C][T/C]
C[A/C/G/T]GG-3' as an upstream consensus
V-region primer; 5-TGAGGAGACGGTGACC-3’ as a
consensus J-region primer; and 5-GTGACCAGGGT
[A/C/G/T]CCTTGGCCCCAG-3’ as a consensus
J-region primer.**

Statistical Analysis

Differences in characteristics between the two
groups were determined by the yx* test, Fisher’s
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Table 1 Clinical features of 40 patients with IgG4* PTGC

No. Age/gender Biopsy site Initial presentation Disease progression Treatment Allergic Eosinophil IgG4 IgG4/IgG IgE
(LN size, cm) (follow-up disease count in PB (mg/dl; (%; (IU/ml; nl)
period, (%;nl<5%) nl = 4.8-105) nl = 3-6) (IgE ratio)®
months)
1 36/M Submandibular LN Bil. submandibular None (but residual Follow-up and Drug allergy 6.8 110 10.9 NA
(1.5) lymphadenopathy lymph node lesions stable (18)
and 1t. submandibular persisted)
gland swelling
2 75/M Submandibular LN Bil. submandibular NA NA NA NA NA NA NA
(3) and cervical
lymphadenopathy
3 50/M Submandibular LN Bil. submandibular Residual lymph node Follow-up (18)  Allergic 211 183 6.74 NA
(2) and cervical lesions persisted and rhinitis
lymphadenopathy patient developed bil.
axillary
lymphadenopathy 3
years later
4 50/F Submandibular LN Bil. submandibular None (but residual Follow-up and  Allergic 2 24 2 NA
(1.5) lymphadenopathy lymph node lesions stable (4) rhinitis
persisted)
5 66/M Submandibular LN Lt. submandibular Relapsed It. Follow-up (10)  None 5.9 314°¢ 19.2¢ 505 (2.9)
(2) lymphadenopathy submandibular
lymphadenopathy 10
months later®
6 46/M Submandibular LN Lt. submandibular None (but residual Follow-up and  NA 3 NA NA NA
(3.5) lymphadenopathy, 1t. lymph node lesions stable (10)
submandibular gland persisted)
swelling and
thickened rt. pleura
7 71/M Submandibular LN Lt. submandibular None (but residual Follow-up and  None 2.5 275 12.8 259 (1.5)
(1.5) and cervical lymph node lesions stable (5)
lymphadenopathy persisted)
8 62/F Submandibular LN Lt. submandibular None Follow-up and  Contact 0 NA NA NA
(1.5) lymphadenopathy stable (6) dermatitis
9 75/F Cervical and Rt. cervical and None (the cervical LN Follow-up and  Food allergy 8 36.2 2.3 47.0 (0.27)
supraclavicular LN supraclavicular was biopsied 9 stable (10)
(2) lymphadenopathy months ago but a
residual
supraclavicular
lymph node lesion
persisted)
10 45/F Cervical LN (3) Lt. cervical Residual lymph node Follow-up (36) Asthma and 7 NA NA NA
lymphadenopathy lesions persisted; LN drug allergy
size increased in 3
years
11 64/M Submandibular LN Rt. submandibular Relapsed rt. Steroid Asthma, 10.5 2550° 42.3¢ NA
(3) lymphadenopathy submandibular therapy was drug allergy
lymphadenopathy® performed and allergic
2 years later; patient when disease rhinitis
developed bil. progressed,
lacrimal,’® parotid, and ~ with good
submandibular gland response (144)
swelling, mediastinal
lymphadenopathy,
and kidney lesion®
11 years later
12 60/M Submandibular LN Lt. submandibular NA NA None 2.2 NA NA NA

(2)

and cervical
lymphadenopathy
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Table 1 Continued

No. Age/gender Biopsy site Initial presentation Disease progression Treatment Allergic Eosinophil IgG4 IgG4/1gG IgE
(LN size, cm) (follow-up disease count in PB (mg/dl; (%; (IU/ml; nl)
period, (%;nl<5%) nl = 4.8-105) nl = 3-6) (IgE ratio)*
months)
13 61/M Submandibular LN Lt. submandibular Developed bil. Steroid None 4 2240° 77.5¢ NA
(2) lymphadenopathy submandibular gland therapy was
swelling, performed
mediastinum, lung, when disease
pancreas kidney and progressed,
aortic lesions 3 years with good
later response (101)
14 43/F Submandibular LN Rt. submandibular NA NA NA NA NA NA NA
(1) and cervical
lymphadenopathy
15 46/M Submandibular LN Lt. submandibular Relapsed 1t. Follow-up None 7.7 40 2.6 681 (1.9)
(3) lymphadenopathy submandibular LN 5 (100)
years later® Relapsed
rt. submandibular LN
8 years later.”
16 58/F Submandibular LN Rt. submandibular Developed bil. Follow-up (48)  Contact 2.2 241° 18.4° 280° (1.6)
{1.5) lymphadenopathy submandibular gland dermatitis
swelling 1 year later®
and bil. lacrimal gland
swelling 4 years later
17 55/M Submandibular LN Rt. submandibular None (but residual Follow-up and  None 4.1 NA NA NA
(3) and cervical lymph node lesions stable (6)
lymphadenopathy persisted)
18 52/F Submandibular LN Lt. submandibular None (but residual Follow-up and NA 4 NA NA NA
(2.5) and cervical lymph node lesions stable (3)
lymphadenopathy persisted)
19 51/F Submandibular LN Rt. submandibular Developed bil. Follow-up (18) None NA 224 NA NA
(2) lymphadenopathy submandibular
lymphadenopathy
and rt. parotid gland
swelling 1 year later®
20 52/M Submandibular LN Lt. submandibular Developed bil. Steroid None 14¢ 1700° 37.5¢ 904° (2.5)
(2.5) lymphadenopathy lacrimal gland therapy was
swelling, skin lesion performed
and systemic when disease
lymphadenopathy 5 progressed,
years later® with good
response.
However, the
lesion
relapsed 3
months later
(96)
21 43/M Submandibular LN Lt. submandibular Developed bil. Steroid Atopic 9 216° 13.72° 1550° (4.3)
(2) lymphadenopathy lacrimal gland therapy was dermatitis
swelling, skin lesion performed
and systemic when disease
lymphadenopathy 3 progressed,
years later® with good
response.

However, the
lesion
relapsed 3
years later (78)

10 J2 01eS A
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Table 1 Continued

No. Age/gender Biopsy site Initial presentation Disease progression Treatment Allergic Eosinophil IgG4 IgG4/IgG Igk
(LN size, cm) (follow-up disease count in PB (mg/dl; (%; (IU/ml; nl)
period, (%;nl<5%) nl = 4.8-105) nl = 3-6) (IgE ratio)®
months)
22 58/M Submandibular LN Bil. submandibular Developed prostatic Steroid Drug allergy 8 1280° 30.74¢ 641° (1.8)
(2) and cervical lesion and systemic therapy was
lymphadenopathy lymphadenopathy 2 performed
years later® when disease
progressed,
with good
response.
However, the
lesion
relapsed 10
months later
(39)
23 50/M Submandibular LN Bil. submandibular None Follow-up and  None 4 NA NA NA
(1) lymphadenopathy stable (36)
24 45/F Submandibular LN Rt. submandibular Developed bil. Steroid None 4 NA NA 800 (2.2)
(2.5) and cervical lacrimal gland therapy was
lymphadenopathy swelling 1 year later performed
when disease
progressed,
with good
response (16)
25 67/M Submandibular LN Bil. submandibular None (but residual Follow-up and  NA 8.2 NA NA NA
(3) lymphadenopathy lymph node lesions stable (72)
persisted)
26 51/F Submandibular LN Rt. submandibular None Follow-up and  None 2.8 NA NA NA
(3.5) lymphadenopathy stable (12)
and rt. submandibular
gland swelling
27 42/M Submandibular LN Lt. submandibular None (but residual Follow-up and  None 6.1 NA NA 241 (1.4)
(2) and cervical lymph node lesions stable (60)
lymphadenopathy persisted)
28 49/M Submandibular LN Lt. submandibular, NA NA NA 1 NA NA NA
(2.5) cervical
lymphadenopathy,
and It. submandibular
gland swelling
29 58/M Submandibular LN Rt. submandibular Developed bil. Steroid Allergic 9 921° 47.5¢ 1090° (3.0)
(2.5) lymphadenopathy lacrimal gland therapy was rhinitis
swelling and rt. performed
maxillary sinus tumor  when disease
3 years later” progressed,
with good
response (39)
30 60/M Submandibular LN Rt. submandibular None Follow-up and  Asthma 3 NA NA NA
(2.5) lymphadenopathy stable (26)
31 46/F Submandibular LN Rt. submandibular NA NA Allergic NA NA NA NA
(2) lymphadenopathy rhinitis
and rt. submandibular
gland swelling
32 72/M Submandibular LN Bil. submandibular None (but residual Follow-up and NA 0.4 NA NA NA

(2.5)

lymphadenopathy

lymph node lesions
persisted)

stable (12}
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Table 1 Continued

No. Age/gender Biopsy site Initial presentation Disease progression Treatment Allergic Eosinophil IgG4 IgG4/1gG IgE
(LN size, cm) (follow-up disease count in PB (mg/dl; (%; (IU/ml; nl)
period, (%;nl<5%) nl = 4.8-105) nl = 3-6) (IgE ratio)®
months)
33 51/M Submandibular LN Rt. submandibular None (but residual Follow-up and Allergic 6.7 169 7 3250 (18.8)
(3.5) and cervical lymph node lesions stable (26) thinitis
lymphadenopathy persisted)
34 68/F Submandibular LN Rt. submandibular None (but residual Follow-up and Food and 5.6 NA NA NA
(1.5) lymphadenopathy lymph node lesions stable (25) drug allergy
and rt. lacrimal gland persisted)
swelling
35 67/M Submandibular LN Lt. submandibular None Follow-up and  Allergic NA NA NA NA
@) lymphadenopathy stable (27) thinitis and
asthma
36 70/M Submandibular LN Lt. submandibular Developed rt. Steroid NA 10.9 483¢ 27.7¢ NA
(2) lymphadenopathy submandibular gland therapy was
and lt. parotid gland® swelling and performed
tumor pancreatic lesion® when disease
2 years later progressed,
with good
response (43)
37 51/M Submandibular LN Rt. submandibular, None (but residual Follow-up and None 6.3 NA NA NA
(1.5) cervical lymph node lesions stable (18)
lymphadenopathy, persisted)
and bil.
submandibular gland
swelling
38 81/M Submandibular LN Bil. submandibular NA NA NA 2.6 NA NA NA
(2) and cervical
lymphadenopathy
39 76/M Submandibular LN Rt. submandibular Developed skin Steroid Asthma 11.6 NA NA 875 (2.4)
(1.5) lymphadenopathy lesion® and bil. therapy was
lacrimal gland performed on
swelling 2 years later bil. swelling of
the lacrimal
gland, with
good response
(63)
40 57/M Submandibular LN Rt. submandibular Relapsed rt. Follow-up (97)  None NA NA NA NA

(3

lymphadenopathy

submandibular
lymphadenopathy 2
and 8 years later®

Abbreviations: Bil., bilateral; LN, lymph node; 1t., left; NA, not available; nl, normal; PB, peripheral blood; PTGC, progressively transformed germinal centers; rt., right.

gE ratio: measured value/normal value.
PThe lesion was histologically diagnosed as IgG4-related disease.
“The data was obtained at relapse or disease progression time.
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Table 2 Summary of clinical features of IgG4* PTGC exact test, Student’s f-test or Mann—Whitney U-test,
as appropriate. All data were analyzed with the
I(\;I“mber 40 STATA software (version 10.0; Stata, College Sta-
ender .
Male/female 28/12 tion, TX, USA).
Age
Median (range) 56 (36-76) .
>60 16 (40%)
Results

Allergic disease history 16/31 (51.6%)
Laboratory findings
Increased eosinophil count in peripheral
blood
Elevated serum IgG4 level
Elevated serum IgE level

18/34 (52.9%)

14/17 (82.4%)
12/13 (92.3%)

Initial lymphadenopathy
Submandibular lymphadenopathy
Submandibular and cervical
lymphadenopathy
Cervical lymphadenopathy
Cervical and supraclavicular
lymphadenopathy

24 (bilateral; 5)
14 (bilateral; 4)

1 (unilateral)
1 (unilateral)

Number of available follow-up reports 34

Follow-up period

Median (range) 26 (3-144)

Persistence or relapse of lymph node lesions 23/34 (67.6%)

Progression to extranodal lesions 18/34 (52.9%)
Submandibular gland 5

Clinical Features of IgG4 * Progressively Transformed
Germinal Centers

Clinical findings are summarized in Tables 1 and 2.
There were 28 men and 12 women with a median
age of 56 years (range, 36-76 years). On initial
clinical examination, all patients presented with
localized submandibular and/or cervical, or cervical
and supraclavicular lymphadenopathy. Twenty-four
patients showed submandibular lymphadenopathy,
which was bilateral in five. Fourteen patients
showed submandibular and cervical lymphadeno-
pathy, which was bilateral in four. Only two patients
showed cervical, or cervical and supraclavicular
lymphadenopathy. In total, 38 (95%) of 40 patients
showed submandibular lymphadenopathy. Lymph
node biopsy revealed that the size of the biopsied
lymph nodes ranged from 1 to 3.5cm in diameter,
with an average of 2.2cm. In addition, **F-fluoro-

Lacrimal gland 2 : A

Lacrimal gland and submandibular gland 1 deoxy glucose positron emission tomography
Isaaifima{iséaflld aflld fikind . ? showed significantly elevated uptake in examined
ubmandibular gland and pieura . . .

Lacrimal gland and maxillary sinus 1 patients (Figure 1). T.he lesions were therefqrg gll
Lacrimal gland, submandibular gland, 1 suspected to be malignant lymphomas at initial
parotid gland, mediastinum, kidney clinical diagnosis.

Submandibular gland, mediastinum, lung, 1 Among patients examined for each respective
pancreas, aorta, kidney . . . e . P
Submandibular gland and parotid gland 1 factor, allergic disease was identified in 16 (52%)
Parotid gland 1 of 31 patients; peripheral blood eosinophil count
Prostate 1

Progression to systemic lymphadenopathy 3/34 (8.8%)

Abbreviation: PTGC, progressively transformed germinal centers.

was increased in 18 (53%) of 34; serum IgG4 levels
were elevated in 14 (82%) of 17; and serum IgE
levels were elevated in 12 (92%) of 13.

Figure 1 Ragiological images of IgG4™* progressively transformed germinal centers. Patient no. 12 had localized left submandibular
lymphadenopathy and cervical lymphadenopathy (left panel). '®*F-fluorodeoxy glucose positron emission tomography showed
significantly elevated uptake in the left submandibular lymph node (right panel). The lesion was radiologically and clinically
suspected to be malignant lymphoma.
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Table 3 Clinicopathological characteristics of patients with
IgG4*PTGC and IgG4-PTGC

IgG4*PTGC IgG4~PTGC P2
(n=40) (mn=22)
Gender
(Male/female) 28/12 13/9 0.39
Age (years)
Median 56 47 0.060
Mean (range) 56.5 (36-76) 46.6 (18-78)
> 40 years old 39 (98%) 14 (64%) <0.0001
>50 years old 30 (75%) 10 (45%) 0.02
Lymphadenopathy area
Submandibular 38 (95%) 1(4.5%) <0.0001
LN
Cervical LN 16 (40%) 11 (50%) 0.45
Supraclavicular 1(2.5%) 1 (4.6%) 0.66
LN
Axillary LN 0 (0%) 6 (27%) 0.001
Paraaortic LN 0 (0%) 2 (9%) 0.053
Inguinal LN 0 (0%) 5 (23%) 0.002

IgG4*/IgG* plasma cell ratio
Mean 57.4 5.0

Median (range) 57.8 (44.2-78.1) 3.7 (0-16.7)  <0.0001

Abbreviations: LN, lymph node; PTGC, progressively transformed
germinal centers.

#gG4*PTGC vs 1gG4~PTGC.

Clinicopathological Differences Between 1gG4*
Progressively Transformed Germinal Centers and
IgG4~ Progressively Transformed Germinal Centers

The clinicopathological findings associated with 40
cases of IgG4™ progressively transformed germinal
centers and 22 of IgG4~ progressively transformed
germinal centers (IgG4*/IgG* plasma cell ratio
<40%) are summarized in Table 3, Supplementary
Figure 1 and Supplementary Table 1. Lymph nodes
affected by IgG4™ progressively transformed germ-
inal centers showed a markedly elevated IgG4 * /IgG™
plasma cell ratio compared with those with IgG4~
progressively transformed germinal centers (mean
57% vs 5%, P<0.0001). Patients with IgG4* pro-
gressively transformed germinal centers showed an
older age distribution and a higher incidence of
submandibular lymph node involvement than those
with IgG4~ progressively transformed germinal cen-
ters (P<0.0001).

Pathological Findings in IgG4 ™" Progressively
Transformed Germinal Centers

In patients with IgG4* progressively transformed
germinal centers, the lymph nodes demonstrated
numerous lymphoid follicles with hyperplastic
germinal centers and a distinct mantle zone, but
no expansion of the interfollicular zone. Progres-
sively transformed germinal centers were observed
in all cases, appearing as round to oval structures
2-3 times the diameter of the other reactive follicles

IgG4-related disease and PTGC
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and composed predominantly of small lymphocytes,
centrocytes, centroblasts, and numerous mature
plasma cells and plasmacytoid cells. The interfolli-
cular zone showed infiltration of a significant
number of eosinophils, and T-zones were indistinct
(Figure 2).

Interestingly, a unique feature of IgG4* progres-
sively transformed germinal centers on immunohis-
tochemistry was the localization of the majority of
IgG4™* plasma cells in the germinal centers, with
only a small number present in the interfollicular
zone (Figure 2), except in case no. 3, where they
were detected in both the germinal centers and
interfollicular zone. The IgG4* plasma cells were
>100/HPF and IgG4+/IgG* plasma cell ratio was
>40% in all cases (Table 3 and Supplementary
Figure 1B). Immunoglobulin light-chain restriction
was not detected in any case. These histological and
immunohistochemical findings were all compatible
with progressively transformed germinal centers-
type IgG4-related lymphadenopathy.®**

In contrast, the lymph nodes of patients with
IgG4~ progressively transformed germinal centers
showed heterogenous histological findings, demon-
strating a small number or numerous lymphoid
follicles with or without hyperplastic germinal
centers, and expansion or no expansion of the
interfollicular zone. The interfollicular zone did
not show a significant number of eosinophils, and
T-zones were distinct. IgG4* plasma cells were
absent or few, and the IgG4*/IgG™" plasma cell ratio
was <40% in all cases.

Disease Progression and Extranodal Lesions in IgG4™
Progressively Transformed Germinal Centers

Thirty-four patients were followed by regular ima-
ging, laboratory findings and clinical evaluation over
3 to 144 months (median, 26 months). During the
follow-up period, 23 (68%) patients showed persis-
tence or relapse (or both) of these residual lymph
nodes. In all, 18 patients progressed to the develop-
ment of extranodal lesions, of whom 16 (89%)
interestingly showed the involvement of lacrimal
and/or submandibular glands. Moreover, 5 of these
18 patients showed progression to systemic disease
(Table 2 and Figure 3; patient nos. 11, 13, 20, 21 and
22). Histologically examined extranodal lesions were
consistent with IgG4-related disease.

Clinical Management of IgG4* Progressively
Transformed Germinal Centers

In all, 18 of the 34 patients showed stable disease,
despite the presence of persistent residual lymph
node lesions in almost all. Ten patients showed the
localized or systemic relapse of lymphadenopathy,
and were re-biopsied. Nine patients were adminis-
tered steroid therapy when the lesions progressed,
to which all responded well (Table 1).
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Figure 2 Histological and immunohistochemical features of [gG4* progressively transformed germinal centers. (a, b) Lymph nodes from
patient no. 26 showed numerous lymphoid follicles with hyperplasia and progressively transformed germinal centers (hematoxylin and
eosin, a: x 20). (b) The progressively transformed germinal centers were appearing as round to oval structures 2—3 times the diameter of
the other reactive follicles (hematoxylin and eosin, x 40). (c) Abundant eosinophil infiltration in the interfollicular zone (hematoxylin
and eosin, x 200). (d) Localization of the majority of [gG4 * plasma cells in the germinal centers (IgG4-immunostaining, x 20). (e, f) The
1gG4* /1gG™" plasma cell ratio was >60% (IgG4 and IgG-immunostaining, x 100).
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Figure 3 Histological features and radiological images of a patient with IgG4 " progressively transformed germinal centers with progression
to systemic disease. (a) The affected lymph node from patient no. 11 (initial lymphadenopathy of the submandibular node had been detected
10 years before) showed marked follicular hyperplasia with progressively transformed germinal centers (hematoxylin and eosin, x 20). IgG4"
plasma cells were detected in the germinal centers by immunohistochemistry, and the IgG4 ' /IgG* plasma cell ratio was >40% (IgG4
immunostaining, x 40). (b) The patient showed progression to systemic disease at 10 years after the initial diagnosis. Computed
tomography revealed lesions of the lacrimal glands, submandibular glands, parotid glands and kidney, all of which were bilateral, as well
as the mediastinum and paraaortic lymph nodes. The lacrimal gland and kidney lesions were histologically consistent with IgG4-related
disease, and serum IgG4 levels and IgG4/IgG ratio were highly elevated (serum IgG4, 2260 mg/d]; serum IgG4/IgG ratio, 46%).
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Immunoglobulin Heavy-Chain Gene Rearrangement in
IgG4+ Progressively Transformed Germinal Centers

No immunoglobulin heavy-chain gene rearrange-
ment was observed in any of the cases examined.

Discussion

In this study, we describe a unique series of 40
patients with progressively transformed germinal
centers of the lymph nodes who fulfilled the
histological diagnostic criteria of IgG4-related dis-
ease.®?%11-1% The disease presented with uniform
clinicopathology, namely asymptomatic localized
submandibular lymphadenopathy and progression
to extranodal lesions, particularly the lacrimal and
submandibular glands. Patients were predomi-
nantly middle-aged to older males, and about half
of those examined had concomitant allergic dis-
ease. Microscopic observation of the affected
lymph nodes revealed marked follicular hyperpla-
sia with progressively transformed germinal cen-
ters, eosinophil infiltration in the interfollicular
zone and IgG4*plasmacytosis in the germinal
centers. Eighteen patients developed extranodal
lesions, of which those which were histologically
examined were consistent with IgG4-related dis-
ease. Moreover, all of the examined patients had
elevated serum IgG4 and IgE levels, with the
exception of three serum IgG4- and one serum
IgE-negative patients. These clinicopathological
findings of IgG4 ™ progressively transformed germ-
inal centers are compatible with IgG4-related
disease.®"**"-1*

IgG4-related disease frequently involves the
lacrimal glands, submandibular glands, pancreas,
hepatobiliary tract and lymph nodes.”* Neverthe-
less, virtually any organ can be affected, including
the lungs, mediastinum, skin, retroperitoneum,
aorta, kidneys and prostate.”** The general condi-
tion of patients at presentation is usually good, with
no fever or constitutional symptoms. Common
laboratory findings include increased serum IgG4
and IgE levels, whereas lactate dehydrogenase level
remains unchanged. Patients often show an excel-
lent response to steroid therapy.”**

Progressively transformed germinal centers is a
benign condition of unknown pathogenesis, which
presents either as a solitary asymptomatic enlarged
lymph node, most commonly in the neck, or in
multiple anatomical sites, usually in the form of
mass lesions.*®

Progressively transformed germinal centers car-
ries with it an increased long-term risk for the
development of nodular lymphocyte predominant
Hodgkin lymphoma.®*® However, no case of progres-
sion to nodular lymphocyte predominant Hodgkin
lymphoma were seen in our available cases.

In the United States and Germany, progressively
transformed germinal centers occurs more commonly
in young males."® Our patients were similar to these

MODERN PATHOLOGY (2012) 25, 956—967

previously reported patients in that they were
predominantly male and largely presented with
solitary asymptomatic lymphadenopathy in the neck,
but differed in that they were middle-aged to older.
Kojima et al° also reported that their Japanese
progressively transformed germinal centers cases
were more frequently middle-aged to older patients,
and interestingly that about 30% had chronic
sialadenitis or allergic disease.® These cases are
similar to our series of IgG4™ progressively trans-
formed germinal centers, suggesting that this clinical
picture might be suitably categorized as progressively
transformed germinal centers-type IgG4-related lym-
phadenopathy. In fact, many cases of IgG4-related
disease have been reported in Asia, particularly in
Japan.®*

Although the mechanism underlying IgG4-related
disease remains unclear,®" a recent study suggested
the possible involvement of T helper 2 cells and
regulatory immune reactions, indicating a possible
allergic mechanism.*®'” In fact, we found elevated
serum IgE levels in almost all patients examined.
Furthermore, about half of our patients showed
eosinophilia, with marked eosinophil infiltration in
the affected tissue, in addition to concomitant aller-
gic disease.

Interestingly, our series of IgG4* progressively
transformed germinal centers of the lymph nodes
appeared to specifically involve the submandibular
lymph nodes, but the reason for this is unclear.
These nodes receive lymph from a wide area,
including the ocular region, nose and adjacent
cheek, paranasal sinus, oral cavity, and salivary
glands.*® This area, particularly the ocular adnexa
and salivary glands, is very frequently affected in
IgG4-related disease. Indeed, the extranodal lesions
detected in our patients frequently involved the area
covered by the submandibular lymph nodes. The
mechanism might therefore be related to anatomical
lymphatic flow.

Three of our patients had normal serum IgG4
levels. This might have been because the measure-
ment of serum IgG4 in these three patients occurred
after biopsy, at which time there were no residual
main lesions. In this regard, about 20% of patients
with IgG4-related pancreatitis are negative for serum
IgG4.8,19,20

Residual lymph node lesions in our series of I[gG4*
progressively transformed germinal centers patients
showed frequent persistence or relapse (or both),
and the disease progressed to either or both extra-
nodal lesions or systemic disease. This explains
why, although progressively transformed germinal
centers was eventually diagnosed based on histolo-
gical findings, this pattern of disease progression
suggested malignant lymphoma.

In conclusion, we describe here a unique case
series characterized by progressively transformed
germinal centers with intra-germinal center IgG4~*
plasmacytosis involving the submandibular lymph
node in middle-aged to older patients who clinically
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presented with asymptomatic localized lymphade-
nopathy. About half of these patients progressed
during the follow-up period to extranodal lesions,
systemic disease or both. We suggest that the patients
with IgG4™* progressively transformed germinal
centers of the lymph nodes may phenotypically
present with incipient lesions associated with IgG4-
related disease. Moreover, almost all cases described
here were suspected to be malignant lymphomas at
initial diagnosis or when the disease progressed.
Prevention of potentially harmful misdiagnosis re-
quires the recognition of this lesion as a distinct
clinicopathological entity, based on careful analysis
of clinical and pathological findings through the
close collaboration of pathologist and clinician.
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Elevated Serum Immunoglobulin G4 Levels in Patients
with Graves’ Disease and Their Clinical Implications
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Background: Immunoglobulin G4-related disease (IgG4-RD) is a new clinical entity that affects various organs
with increased 1gG4 positive plasmacytes and progressive fibrosis. While IgG4-RDs in association with Ha-
shimoto’s thyroiditis or Riedel’s thyroiditis have been reported, the relationship between IgG4-RD and Graves’
disease (GD) is yet unknown. To elucidate the relation of GD to IgG4-RD, seram IgG4 levels and their clinical
implications in patients with GD were investigated.

Methods: In this prospective study, serum IgG4 levels were measured in 109 patients with GD and classified
into two groups according to the comprehensive diagnostic criteria of IgG4-RD previously established: (i) GD
with elevated-1gG4 levels (=135 mg/dL), and (ii) GD with nonelevated IgG4 (<135 mg/dL).

Results: Seven out of 109 patients with GD (6.4%) had elevated serum IgG4 levels (meanxSD (range):
175.0+44.5 (136-266) mg/dL) and elevated ratios of IgG4/1gG (12.7+4.5% (7.6%-21.2%)). The remaining
patients with GD had serum IgG4 levels and IgG4/IgG ratios of 39.6+27.6 (3-132) mg/dL and 3.2+2.2%
(0.3%—11.5%) respectively. Ages in the elevated IgG4 group were significantly higher than those of the
nonelevated IgG4 group: 54.7 £ 6.2 versus 43.4 = 15.4 years respectively. Ultrasound examinations revealed that
the elevated IgG4 group had significantly increased hypoechogenic areas in the thyroid in comparison to the
nonelevated IgG4 group (low echo scoring: 1.66+0.81 vs. 0.61 £0.89 respectively). In the correlation analysis,
TSAb (r,=0.385, n=42) titers were significantly correlated with serum IgG4 levels, while they were not
significantly different between the two groups. In the elevated IgG4 group, symptoms were controllable with a
small dose of antithyroidal drug (ATD; n=4), a combination treatment with ATD and L-T4 (r=1), or L-T4
administration only one year after the first visit (n=2).

Conclusions: A small portion of GD patients harbored elevated serum IgG4 levels. They were older, had
increased hypoechoic areas in the thyroid, and appeared to be responsive or prone to be hypothyroid after ATD
treatment. Thus, the present study suggests the presence of a novel subtype of GD. Measuring serum IgG4
levels may help to distinguish this new entity and provide potential therapeutic options for GD.

Introduction type of IgG4 thyroiditis on the basis of its clinical and
histopathological features (3). The authors found a close

MMUNOGLOBULIN G4-RELATED DISEASE (IgG4-RD) is a  relationship between the fibrous variant of Hashimoto’s
recently proposed clinical entity, first reported in 2001 asa  thyroiditis (HT) and IgG4-RD. Riedel’s thyroiditis (RT) has
novel subtype of autoimmune pancreatitis (1). It is charac- been proposed to be an organ manifestation of 1gG4-RD
terized by elevated serum IgG4 levels, IgG4-positive plas-  (4,5). In cases of RT, elevated serum IgG4 levels and/or an
macytes, and lymphocyte infiltration into multiple organs, increased number of IgG4-positive plasmacytes with dense
inducing tissue fibrosis and organ dysfunction. In addition to  fibrous tissue were observed in the thyroid gland, which
the involvement of the pancreas, the lacrimal gland, salivary ~ would respond to steroid therapy, suggesting characteristics
gland, biliary duct, and retroperitoneal tissue can also be of IgG4-RD (4). In addition, Watanabe et al. reported that
involved in this disease (2). 19% of patients with IgG4-RD who had hypothyroidism
The relationship between IgG4-RD and thyroid diseases showed an increased thyroid volume and TgAb and/or
has been previously investigated. Li ef al. described a novel TPOADb positivity. The thyroid function of these patients
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normalized after prednisolone treatment. Furthermore, his-
tology revealed IgG4-bearing plasma cells and loss of thyroid
follicles, was the condition was thus termed IgG4-related
thyroiditis (6). However, the relationship between IgG4-RD
and GD remains unknown.

To elucidate the relationship between IgG4-RD and GD,
serum IgG4 levels in 109 patients with GD were measured
and compared according to clinical characteristics. Herein,
we describe the clinical features of patients with GD and
elevated serum IgG4 levels, and discuss diagnostic and
therapeutic approaches.

Patients and Methods
Patients

A total of 109 patients with GD at the Wakayama Medical
University Hospital, Japan, from January 2011 to October
2012 were prospectively recruited to this study. The diagnosis
of GD was based on the presence of hyperthyroidism, positive
thyroid stimulating hormone receptor antibody/th?/roid stim-
ulating antibody (TRAb/TSAb), and/or increased *>1 thyroid
uptake. Patients with malignancies or pregnancy were ex-
cluded. None of the patients underwent surgery or radioiodine
treatment. Patients were divided into two groups: those with
elevated serum IgG4 levels (2135 mg/dL) and those with
nonelevated serum IgG4 levels (< 135mg/dL) according to
the comprehensive diagnostic criteria of IgG4-RD, the cur-
rently established criteria (7). Masaki et al. proposed that an-
other criterion for IgG4-RD consists of a ratio of IgG4/IgG of
2 8.0% (8); this criterion was therefore also considered in our
study. Patients were analyzed for age, sex, smoking, familial
history of autoimmune thyroid disease (AITD), presence of
Graves’ ophthalmopathy (GO) on the basis of the clinical
activity score (CAS) (9) and NOSPECS (10), serum IgG4 and
IgG levels, thyroid function, thyroid autoantibodies, and ul-
trasound examination (Table 1). Patients were classified ac-
cording to intractability in the control of hyperthyroidism:
group 1 (intractable patients) who required a moderate or
large dosage of antithyroidal drug (ATD) (thiamazole (MMI)
2 10 mg/day; propylthiouracil (PTU) 2 150 mg/day) to control
thyroid function; and group 2 (tractable patients) who could be
treated with a small dosage no ATD (MMI <5 mg/day; PTU
<100mg/day). Written informed consent was obtained from
all patients, and the study protocol was approved by the Wa-
kayama Medical University Hospital Ethics Committee.

Thyroid function tests and thyroid autoantibodies

Serum thyrotropin (TSH), free thyroxine (fT4), and free
triiodothyronine (fT3) levels were measured by chemilumi-
nescent immunoassay (Abbott Diagnostics, Tokyo, Japan).
Reference ranges were defined as follows: TSH 0.35-4.94
mlU/L; £T4 0.70-1.48ng/dL; and fT3 1.71-3.71pg/mL.
TRAb was determined by enzyme-linked immunosorbent
assay (Cosmic, Tokyo, Japan). Thyroglobulin autoantibodies
(TgAb) and thyroid peroxidase antibodies (TPOAb) were
measured with an electrochemiluminescent immunoassay
(SRL, Tokyo, Japan). Normal values were defined as follows:
TRAb <1IU/L; TgAb <281U/mL; TPOAb <16IU/mL.
TSAb activities were determined using the Yamasa’s TSAb
bioassay kit (Yamasa Ltd., Choshi, Japan). Normal values for
TSADb were defined as < 180%.

TAKESHIMA ET AL.

Serum IgG4 and IgG levels

Serum IgG4 and IgG levels were measured by a nephe-
lometric immunoassay (BML, Osaka, Japan). Reference
ranges for IgG4 and IgG were defined as 4-108 mg/dL and
870-1700 mg/dL respectively. Since comprehensive diag-
nostic criteria for IgG4-RD include a serum IgG4 level
2135 mg/dL, we defined this as the cutoff level in this study.

Ultrasonographic evaluation

Ultrasonographic examinations were performed by
conventional gray scale and color Doppler, and by 10 MHz
linear transducer (Toshiba Medical, Osaka, Japan). Low
echogenicity in the thyroid gland was classified into four
categories and scored as previously described (11): Grade
0, diffuse high-amplitude echoes throughout the whole
lobe of the thyroid; Grade 1, low-amplitude and nonuni-
form echoes in the whole or several regions of the thyroid,;
Grade 2, several sonolucent regions in the thyroid; and
Grade 3, no apparent echoes or very low amplitude echoes
throughout the whole thyroid. Increase of color Doppler
flow in the thyroid gland was determined as follows: 0,
none; 1, mild; 2, moderate; and 3, severe. Thyroid size was
measured as the sum of both lobes according to the fol-
lowing equation: anteroposterior X transversal diameters
(mm?) at the maximum position.

Statistical analysis

Fisher’s exact test was used to assess data in the two-
dimensional contingency tables for comparison with sex,
presence of GO, family history of AITD, and smoking.
Mann—-Whitney U-test and Kruskal-Wallis test were used to
compare two or three individual groups respectively. Two-
tailed Spearman’s rank correlation coefficient (r;) was de-
termined to assess the correlation between two variables.
Data for TSH, TRAD, TgAb, and TPOAD were analyzed with
log-transformed values. p-Values <0.05 were accepted as
statistically significant (SPSS v135, Chicago, IL). Data are
expressed as mean + standard deviation (SD).

Results
Serum 1gG4 and IgG levels in patients with GD

Overall, the serum IgG4 level in patients with GD was
48.3+44.0mg/dL (range 3-266), and the ratio of IgG4/IgG
was 3.8 3.4 mg/dL (range 0.3-21.2; Table 1). Seven (6.4%)
of the 109 patients with GD had elevated serum IgG4 levels at
175.0+44.5 mg/dL (range 136-266) and elevated ratios of
1gG4/1gG at 12.7+4.5% (range 7.6-21.2). The remaining
patients with GD (93.6%) had serum IgG4 levels and IgG4/
1gG ratios of 39.6 +27.6 mg/dL (range 3-132) and 3.2 £2.2%
(range 0.3-11.5) respectively. Three cases of GD in patients
with serum IgG4 levels <135mg/dL had serum ratios of
1gG4/1gG =8%. There was a significant difference in the
ratios of IgG4/IgG between the two groups (p<0.001).
However, no significant difference was observed in serum
IgG levels between groups.

The elevated-IgG4 group consisted of one man and six
women, while the nonelevated-IgG4 group included 14 men
and 88 women. No significant difference was observed in sex
distribution between groups.
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TABLE 1. COMPARISONS OF SERUM IGG4 LEVELS AND CLINICAL CHARACTERISTICS OF PATIENTS WITH GRAVES’ DISEASE (GD)

Non elevated IgG4 Elevated-IgG4

Overall (n=109) (<135mg/dL; n=102, 93.6%) (2135mg/dL; n=7, 6.4%) p-Value®
Sex (M/F) 15/94 14/88 1/6 0.967
Presence of Graves’ ophthalmopathy 29 (26.6%) 26 (25.5%) 3 (42.3%) 0.379
Family history of AITD 30 (27.5%) 28 (27.5%) 2 (28.6%) 0.948
Smoking history 33 (30.2%) 31 (30.4%) 2 (28.6%) 0.919
Mean£SD (range) n Mean+SD (range) n Mean+SD (range) n p-Valueb
Age (years) 44.1+15.2 (13-79) 109 43.4+15.4 (13-79) 102 54.7+6.2 (49-68) 7 0.026

1gG4 (mg/dL) 48.3+44.0 (3-266) 109 39.6+27.6 (3-132) 102 175.0£44.5 (136-266) 7 NA
IgG (mg/dL) 1275.7+£298.0 (774-2928) 104 1262.4+288.0 (774-2928) 97 1459.7+392.6 (910-2012) 7 0.179
1gG4/1gG (%) 3.8+3.4 (0.3-21.2) 104 32422 (0.3-11.5) 97 12.7+4.5 (7.6-21.2) 7 <0.001
Thyroid size on ultrasound (mm ) 961.3+771.6 (279-4358) 59 962.7+788.9 (279-4358) 54 946.1+622.3 (315-1689) 5 0.957
Degree of hypoechogenicity® 0.71£0.93 (0-3) 62 0.61£0.89 (0-3) 56 1.66+0.81 (1-3) 6 0.005
Increase of color Doppler flow® 1.30+0.90 (0-3) 62 1.33+£0.88 (0-3) 56 1.00£1.09 (0-3) 6 0.293

TSH (mlIU/L) 0.73£3.03 (<0.003-25.07) 107 0.68%3.10 (<0.003-25.07) 100 1.38£1.74 (<0.003-4.39) 7 NDf
fT3 (pg/mL) 9.09+7.59 (1.72-30.0) 107 9.12£7.41 (1.72-30.0) 100 8.63+10.51 (2.52-30.0) 7 0.231
fT4 (ng/dL) 2.25+1.20 (0.44-6.29) 108 2.27+1.19 (0.44-6.29) 101 1.91£1.52 (0.81-4.97) 7 0.212
TSADb (%) 670.8+721.1 (92-3024) 42 648.1+£648.8 (92-2320) 38 843.6+1234.3 (214-3024) 4 0.493
TRADb (JU/L) 15.7+£26.5 (<1.0-187.8) 107 16.1£27.2 (<1.0-187.8) 101 9.6+8.3 (1.3-19.8) 6 0.498
TgAb (IU/mL) 619.3£1190.9 (< 10-4000) 77  536.7+£1096.1 (< 10-4000) 70  1445.2+1808.9 (< 10-4000) 7 0.338
TPOAbD (IU/mL) 225.5+£224.1 (<5-600) 75 221.0£216.1 (<5-600) 68 269.9+309.0 (<5-600) 7 0.812

p-Values were obtained using *Fisher’s exact test, or "Mann-Whitney U-test, and p-values <0.05 were accepted as significant, shown i in bold.

cT hyroid size was measured as the sum of both lobes according to the following equation: anteroposterior X transversal diameters (mm?) at the maximum position.

dDegree of low echogenicity in the thyroid gland was determined by ultrasonography as follows; Grade 0, diffuse high-amplitude echoes throughout the whole lobe of the thyroid; Grade 1, low-
amplitude and ununiformed echoes in the whole or several regions of the thyroid; Grade 2, several sonolucent regions in the thyroid; and Grade 3, no apparent echoes or very low-amplitude echoes
throughout the whole thyroid.

°Increase of color Doppler flow in the thyroid gland was determined as follows: 0, none; 1, mild; 2, moderate; and 3, severe.

Since most TSH levels were undetectable, comparison of TSH levels in the two groups was not determined.

Data for TSH, TRAb, TgAb, and TPOAb were analyzed with log-transformed values.

Values of <0.003, <1.0, <5, <10, >30.0, >600, and >4000 were calculated as 0, 1.0, 5, 10, 30.0, 600, and 4000 respectively.

AITD, autoimmune thyroid disease; fT3, free triiodothyronine; fT4, free thyroxine; NA, not applicable; ND, not determined; SD, standard deviation; TgAb, thyroglobulin autoantibodies; TPOAb,
thyroid peroxidase antibodies; TRAD, thyroid stimulating hormone receptor antibody; TSAb, thyroid stimulating antibody; TSH, thyrotropin.



