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Fig. 2 Positivity of each ANA subclass in 1gG4-RD and systemic autoimmune diseases. Cyto: positivity of each subclass of anti-cytoplasmic
antibody was also calculated for patients with Sjogren’s syndrome and polymyositis

Table 2 ANA profiles of patients with systemic autoimmune diseases

Case ANA Specific autoantibodies lgG4° IgG®
SLE 1° Spe 320 dsDNA, ssDNA, U1-RNP, Sm 213 1830
SLE 2 Homo + Spe 320 dsDNA, ssDNA, SS-A 11 826
SLE 3 Spe 1280 dsDNA, ssDNA, Sm, Ribosome 20 2043
SLE 4 Spe 640 sSDNA, UT-RNP, Sm, SS-A, SS-B 83 829
SLE 5 Homo + Spe 1280 dsDNA, ssDNA, U1-RNP, Sm, SS-A, SS-B 7 556
SLE 6 Homo + Spe 160 ssDNA 486 1938
SLE7 Spe 320 dsDNA, SS-A 196 1186
SLE 8 Spe 5120 dsDNA, ssDNA, UT-RNP, Sm, SS-A 7 908
SSc 1 Discrete spe 1280 Centromere 7 177
SSc 2° Discrete spe 1280, Spe 160, Cyto 80 Centromere, 55-A 21.2 1772
SSc 3 Spe 1280 Scl-70, UT-RNP, SS-A 255 2147
SSc 4 Discrete spe 1280 Centromere, Scl-70, UT-RNP 124 1108
SSH Spe 320 SS—A, SS-B 334 2974
SS2 Spe 160 SS-A, SSB 16.5 1765
SS3 Spe 80 SS-A, S5-B 74 1370
SS 4¢ Spe 640 SS-A 228 1721
S5 Spe 40, Cyto 80 SS-A 38 2133
SS6 Spe 160 SS-A, SS-B 14.5 2340
SS7 Spe 160 SS-A, SS-B 9.5 1882
SS 8° Spe + Nucleolar 80, Cyto 40 SS-A 20,1 1678
PM 1 Spe + Nucleolar 640 Ku 535 1668
PM 2° Spe 320, Cyto 40 sSDNA, UT-RNP, Sm, SS-A 129 1132
PM 3 Spe 40, Cyto 160 pL-7 15 717
PM 4 Spe 320 U1-RNP, Sm 5 282
PM 5 Spe 1280 Ku, SS-A, S5-B <3 823
PM 6 Spe 40, Cyto 80 SRP 184 1365
PM 7 Homo + Spe 160 Not detected 19 2051

mg/dL in serum. "Shown in Fig. 3. “Shown in Fig. 4
ANA: anti-nuclear antibody; Cyto: cytoplasmic; Discrete spe: discrete speckled; Homo: homogeneous; RNP: ribonucleoprotein; Spe: speckled; SRP: signal

recognition particle
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Total 1IgG 1gG1

Fig. 3 Subclass-based ANA test for systemic autoimmune diseases showing immunofluorescence microscopy for each typical case, including
systemic lupus erythematosus (SLE #1), systemic sclerosis (SSc #2), Sjogren’s syndrome (SS #8) and polymyositis (PM #2) showed variation in ANA
patterns among 1gG subclasses. In SSc #2, total IgG showed Discrete spe + Speckled + Cyto, while 1gG1 showed Discrete spe + Speckled, 1gG2
showed Discrete spe + Speckled + Cyto, IgG3 showed Discrete spe + Cyto, and 1gG4 showed negative. In SS #8, total IgG showed Speckled +
Nucleolar + Cyto, while IgG1 and IgG2 showed Speckled + Cyto, IgG3 showed Nucleolar + Cyto, and 1gG4 showed negative. Bar =20 um Discrete

spe: discrete speckled, Cyto: cytoplasmic

the second antibodies are different. In past studies,
IgG2-type ANA was also detected at moderate levels,
whereas IgG4-type ANA was constantly negative or at
low levels. In our study, IgG4-type ANA was also hardly
detected.

Autoimmune pancreatitis (AIP) is an organ-specific
disorder seen in IgG4-RD. Various autoantibodies, such
as anti-lactoferrin [5] and anti-carbonic anhydrase II [6]
antibodies, are seen in AIP. Asada et al. found anti-
pancreatic secretory trypsin inhibitor (PSTI) antibody in
AIP, and showed that the titers of anti-PSTI antibody

moved in parallel with serum IgG4 levels [16]. IgG4
levels change in parallel with IgG4-RD disease activity,
as reported in many studies, including our previous
study [17]. Asada et al. thought that anti-PSTI might be
an important factor in the pathophysiology. However,
immunoblotting of subclasses with anti-IgG1 or anti-
IgG4 as second antibodies showed the subclass was not
IgG4 but 1gGl. Possibly, IgG4-type autoantibodies are
difficult to produce in IgG4-RD patients.

However, some autoimmune diseases reportedly show
IgG4-type autoantibodies. Rock et al. reported that IgG4

1gG2

Total I9G

Fig. 4 Subcdlass-based ANA test of a patient with Sjdgren's syndrome (SS #4) showing IgGa-type ANA. ANA patterns differed among IgG subclasses.
Total IgG showed Speckled, while IgG2 showed Speckled + Cyto, IgG1 and 1gG3 showed Nucleolar + Cyto (with atypical cytoplasmic spots), and 1gG4
showed Peripheral. Bar = 20 pm. Cyto: cytoplasmic
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was the most common (100 %) of anti-desmoglein
(Dsg)-1 antibodies detected in sera of patients with
pemphigus foliaceus, and showed the pathogenicity of
IgG4-type anti-Dsg-1 antibody using Balb/c mice [18].
Anti-Dsg-3 antibody in pemphigus vulgaris was also
IgG4-predominant [19]. Beck et al. showed by immuno-
blotting that anti-phospholipase A, receptor (PLAR)
antibody in idiopathic membranous nephropathy mainly
consisted of IgG4 [20]. 1gG4 is reportedly predominant in
anti-neutrophil cytoplasmic antibody (ANCA). C-ANCA
(IIF), proteinase-3 (PR3)-ANCA (ELISA), and myeloper-
oxidase (MPO)-ANCA (ELISA) in granulomatosis with
polyangiitis (GPA) [21], and MPO-ANCA (ELISA) in
propylthiouracil-induced vasculitis [22] were IgG1/4-
dominant. Others similarly reported that IgG4 made up
most C-ANCA (IIF) and PR3-ANCA (ELISA) in vasculit-
ides [23, 24]. Engelmann et al. reported that anti-cyclic
citrullinated peptide (CCP) antibody was IgG1/4-
dominant in RA [25]. However, IgG4 in vasculitides
and RA might not be pathophysiologically important.
In functional analyses of ANCA, IgG1 and IgG3 PR3-
ANCA can stimulate neutrophils [26], whereas 1gG4
PR3-ANCA was only weakly stimulatory to neutro-
phils [27]. In RA patients who had HLA-DR4-shared
epitope, Engelmann et al. found IgG3 anti-CCP antibody
to be predominant, and considered that IgG3-type anti-
body might be more important in the pathophysiology of
RA [28]. As IgG4 has poor ability to activate complements
and antibody-dependent cellular cytotoxicity [29-32],
IgG4 is unlikely to take part in mechanisms of tissue dam-
age in autoimmune diseases.

Interestingly, there seem to be pathogenic and non-
functional IgG4-type autoantibodies. IgG4-type ANCA
is considered less pathogenic, compared to other sub-
class ANCA in ANCA-associated vasculitis [26, 27]. The
affinities between IgG4-type and other subclass ANCA
should be equal, but the abilities of complement activa-
tion are different, so that the role of IgG4-type ANCA
can be less significant than that of other subclass ANCA.
On the other hand, IgG4 anti-PLA,R antibody has high
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affinity and is considered pathogenic in idiopathic mem-
branous nephropathy [20]. Why IgG4 anti-PLA,R antibody
can exert pathogenicity without ability of complement acti-
vation may be because the pathogenicity is brought by the
destruction of electrical barriers of glomerular basement
membrane.

Taken together, IgG4 usage rates differ among auto-
antibodies and among diseases. IgG4 is associated with
anti-Dsg-1/3, anti-PLA,R, anti-CCP antibodies, and
ANCA, but not with anti-PTSI antibody in AIP or ANA
in IgG4-RD and systemic autoimmune diseases (Table 3).
This asymmetry implies that IgG4 has unknown but cer-
tain physiological or pathological functions. Further ana-
lyses are needed to know its role.

In the present study, we observed ANA patterns dif-
fered among IgG subclasses in some cases (Fig. 3, 4).
When a case has several autoantibodies, the utilized sub-
classes differ by autoantigens. This can be explained by
the hypothesis that each IgG subclass prefers to cover its
own spectrum of antigens. The reason we hardly found
IgG4 in ANA might be that IgG4 does not cover anti-
gens that can be detected by the ANA test—i.e., nuclear
antigens or related microbial antigens. Selective IgG2
subclass deficiency is often associated with bacterial in-
fection by Neisseria meningitidis and Streptococcus pneu-
moniae [33, 34], so that IgG2 is considered to have a
role in protection from these bacteria. The role of 1gG4
has not been sufficiently understood. If IgG4 is related
to some microorganism type, and if the microorganism
antigens and autoantigens are similar, as with Dsg-1/3,
PLA,R, PR3, and citrullinated proteins, it would explain
why IgG4-type antibody against those proteins was dom-
inantly generated.

Our results imply that 1gG4-RD is not an autoimmune
disease, and that high levels of serum IgG4 in IgG4-RD
are only nonspecific. Subclass-based ANA tests in this
study covered both nuclear and cytoplasmic antigens in
HEp-2 cells, and can screen a wide range of unmodified
ubiquitous antigens. However, this analysis has limita-
tions: modified antigens like citrullinated proteins and

Table 3 Summary of predominant subclasses in autoantibodies in IgG4-RD and autoimmune diseases

Diseases Autoantibodies  Predominant subclass  IgG4 subclass  Reports

|gG4-RD ANA lgG2 Negative Present study

IgG4-RD (AIP) Anti-PSTI lgG1 Negative Asada [16]

SLE, SSc, SS, PM ANA 19G1/2/3 Seldom Present study, Zouali [11], Eisenberg [12], Maran [13], Vazquez-abad [14]
GPA, Vasculitis ANCA IgG1, IgG4 Frequent Brouwer [21], Mellbye {23], Liu [24], Gao [22]

RA ACPA 1gG1, IgG4 Frequent Engelmann [25]

PF, PV Anti-Dsg-1/3 9G4 Primary Rock [18], Ding [19]

|diopathic MN Anti-PLAR 1G4 Primary Beck [20]

ACPA: anti-citrullinated protein antibody; AIP: autoimmune pancreatitis; ANA: anti-nuclear antibody; ANCA: anti-neutrophil cytoplasmic antibody; Dsg-1/3:
desmoglein-1 and 3; GPA: granulomatosis with polyangiitis; MN: membranous nephropathy; PF: pemphigus foliaceus; PLAR: phospholipase A, receptor;
PSTI: pancreatic secretory trypsin inhibitor; PV: pemphigus vulgaris; RA: rheumatoid arthritis
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organ-specific antigens are not screened. The number of
cases is limited in this study. There remains a possibility
that unknown IgG4-type autoantibodies might be found
in IgG4-RD. A further analysis is needed.

Conclusions

We found ANA in IgG4-RD patients are not IgG4-based
despite high serum IgG4 levels. IgG4 was also hardly
found in ANA in systemic autoimmune diseases. We
also observed several patients in whom ANA patterns
differed among IgG subclasses, probably due to differ-
ence in corresponding autoantigens. These findings
imply that each IgG subclass tends to cover its own
spectrum of antigens, and IgG4 is not apparently used
to make ANA.
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Distribution of serum immunoglobulin G4 levels in
Hashimoto’s thyroiditis and clinical features of Hashimoto’s
thyroiditis with elevated serum immunoglobulin G4 levels

Ken Takeshima, Hiroyuki Ariyasu, Hidefumi Inaba, Yuko Inagaki, Hiroyuki Yamaoka, Yasushi Furukawa,
Asako Doi, Hiroto Furuta, Masahiro Nishi and Takashi Akamizu

The 1% Department of Internal Medicine, Wakayama Medical University, Wakayama 641-8509, Japan

Abstract. Immunoglobulin G4-related disease (IgG4-RD) is characterized by elevated serum I1gG4 levels, IgG4-positive
plasmacytes, and lymphocyte infiltration into multiple organs. IgG4 thyroiditis is a subset of patients with Hashimoto’s
thyroiditis (HT) who exhibited histopathological features of 1gG4-RD; its source of serum IgG4 is suggested to be the
thyroid gland. Although a relationship between IgG4-RD and IgG4 thyroiditis has been reported, the meaning of serum
IgG4 in HT is uncertain. In this report, we prospectively evaluated serum IgG4 levels and clinical features of patients with
HT. Atotal of 149 patients with HT were prospectively recruited into this study. According to the comprehensive diagnostic
criteria of IgG4-RD, patients were divided into two groups: elevated IgG4 (>135 mg/dL) and non-elevated IgG4 (<135 mg/
dL). Median serum IgG4 levels of HT patients were 32.0 mg/dL (interquartile range, 20.0-65.0), with a unimodal non-
normal distribution. Six patients (4.0%) had elevated serum IgG4 levels above 135 mg/dL. The elevated 1gG4 group was
older and exhibited enlarged hypoechoic areas in the thyroid gland, as revealed by ultrasonography, relative to the non-
elevated IgG4 group. Levothyroxine (L-T4) replacement doses and titers of anti-thyroid antibodies did not differ
significantly between the two groups. Two out of six HT patients with elevated serum IgG4 levels had extra-thyroid organ
involvement as seen in IgG4-RD. In conclusion, HT patients with elevated serum IgG4 levels shared clinical features with
both IgG4-RD and IgG4 thyroiditis. Longer follow-up periods and histopathological assessments are needed to further
understand the meaning of elevated serum I1gG4 levels in HT.

Key words: Immunoglobulin G4, IgG4 thyroiditis, Hashimoto’s thyroiditis, Immunoglobulin G4-related disease, Prospective

IMMUNOGLOBULIN G4-RELATED DISEASE
(1gG4-RD) is a recently proposed clinical entity, first
reported in 2001 as a novel subtype of autoimmune
pancreatitis [1]. The condition is characterized by
elevated serum IgG4 levels, IgG4-positive plasma-
cytes, and lymphocyte infiltration into multiple organs,
resulting in tissue fibrosis and organ dysfunction. In
addition to the pancreas, the lacrimal gland, salivary
gland, thyroid gland, biliary duct, and retroperitoneal
tissue can also be involved in this disease [2].

The relationship between 1gG4-RD and thyroid dis-
eases has been previously investigated. About 19% of
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patients with 1gG4-RD who also had hypothyroidism
exhibited elevated thyroid volume and anti-thyroglob-
ulin antibody (TgAb) and/or anti-thyroid peroxidase
antibody (TPOAD) positivity. The thyroid function of
these patients normalized after prednisolone treatment.
The histology of their thyroid glands revealed 1gG4-
bearing plasma cells and loss of thyroid follicles; con-
sequently, they were classified as having IgG4-related
thyroiditis [3].

In cases of Riedel’s thyroiditis, elevated serum IgG4
levels and/or an elevated number of IgG4-positive
plasmacytes with dense fibrous tissue is observed in
the thyroid gland, which responds to steroid therapy,
reminiscent of the characteristics of 1gG4-RD [4-6].
In addition, our group reported on the clinical implica-
tions of elevated serum IgG4 levels in Graves’ disease
(GD) [7].

Li and Kakudo ef al. [8-10] reported IgG4 thyroid-
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itis in a subset of patients with Hashimoto’s thyroid-
itis (HT) who exhibited histopathological features of
[gG4-RD. In particular, they showed that IgG4 thy-
roiditis was associated with male gender, rapid prog-
ress, subclinical hypothyroidism, diffuse hypoecho-
genicity, and higher levels of circulating antibodies.
They also demonstrated that the thyroid gland is the
source of serum IgG4 in patients with IgG4 thyroiditis,
based on the reduction in serum IgG4 levels after thy-
roidectomy.

Unfortunately, the meaning of serum IgG4 levels
in HT is unclear because most previous reports were
conducted retrospectively in a limited spectrum of HT.
Therefore, in this study we prospectively evaluated the
serum IgG4 levels and clinical features of 149 patients
with HT. The purpose of our study was to clarify 1)
the distribution of serum IgG4 in HT; 2) the associa-
tion between serum IgG4 levels and clinical features in
HT, compared with IgG4-related disease and 1gG4 thy-
roiditis; and 3) the clinical features of HT patients with
elevated serum IgG4.

Patients and Methods

Patients
A total of 149 patients with HT who had visited
Wakayama Medical University from November 2011
to June 2014 were prospectively recruited to this study.
Their clinical profiles, including family history of auto-
immune thyroiditis (AITD), smoking, replacement
doses of levothyroxine (L-T4), and laboratory data,
were extracted from the electronic medical record.
The diagnosis of HT was based on the guidelines for
. the diagnosis of chronic thyroiditis by Japan Thyroid
Association: diffuse swelling of the thyroid gland with-
out any other cause (such as Graves’ disease) and with
any one of the following laboratory findings [8]: 1) pos-
itive for anti-thyroid microsomal antibody or TPOADb,
2) positive for TgAb, and 3) lymphocytic infiltration in
the thyroid gland confirmed with cytological examina-
tion. Patients who were pregnant or who had cancer,
inflammatory disease, or thyroid nodules larger than 10
mm in diameter were excluded, because these factors
could possibly affect serum IgG4 levels. None of the
patients underwent surgery or radioiodine treatment.
Patients were divided into two groups, those with ele-
vated serum IgG4 levels (>135 mg/dL) and those with
non-elevated serum 1gG4 levels (<135mg/dL), accord-
ing to the currently established comprehensive diagnos-

tic criteria for [gG4-RD [11]. Written informed consent
was obtained from all patients, and the study protocol
was approved by the Wakayama Medical University
Hospital Ethics Committee (UMIN000016808).

Thyroid function tests and thyroid autoantibodies

Serum thyrotropin (TSH), free thyroxine (fT4), and
free triiodothyronine (fT3) levels were measured by
chemiluminescent immunoassay (Abbott Diagnostics,
Tokyo, Japan). Reference ranges were defined as fol-
lows: TSH, 0.35-4.94 plU/L; T4, 0.70—1.48 ng/dL;
and T3, 1.71-3.71 pg/mL. Thyroid stimulating hor-
mone receptor antibody (TRAb) was determined by
enzyme-linked immunosorbent assay (Cosmic, Tokyo,
Japan). TgAb and TPOADb were measured using an
electrochemiluminescent immunoassay (SRL, Tokyo,
Japan). Normal values were defined as follows: TRAb,
<1 IU/L; TgAb, < 28 IU/mL; and TPOAb, < 16 1U/
mL. Thyroid stimulating antibody (TSADb) activities
were determined using the TSAb bioassay kit (Yamasa,
Choshi, Japan). Normal values for TSAb were defined
as < 180%.

Serum IgG4 and IgG levels

Serum IgG4 and 1gG levels were measured by a
nephelometric immunoassay (BML, Osaka, Japan).
Reference ranges for IgG4 and IgG were defined
as 4-108 mg/dl. and 870-1700 mg/dL, respec-
tively. Because comprehensive diagnostic criteria for
IgG4-RD include a serum IgG4 level > 135 mg/dL, we
defined this as the cutoff value in this study [11].

Ultrasonographic evaluation

Ultrasonography was performed by conventional
grayscale and color Doppler using a 10 MHz lin-
ear transducer (Toshiba Medical, Osaka, Japan).
Hypoechogenicity in the thyroid gland was classified
into four categories and scored as previously described
[12]: Grade 0, diffuse high-amplitude echoes through-
out the whole lobe of the thyroid; Grade 1, low-ampli-
tude and non-uniform echoes throughout or in 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 following calcu-
lation: anteroposterior x transversal diameters (mm?)
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Fig.1 Distribution of serum IgG4 levels in patients with HT

The dotted line indicates the median serum IgG4 level of all patients. The solid line indicates the cutoff value for serum IgG4
level according to the comprehensive diagnostic criteria for IgG4-RD.

at the maximum position [7, 13].

Statistical analysis

Sample size was calculated according to the pre-
vious report of 1gG4 thyroiditis [10]. A total of 130
patients were required to provide at least 80% of power
to detect the difference of clinical profiles such as age,
anti-thyroid antibodies, and hypoechogenicity between
IgG4 thyroiditis and non-IgG4 thyroiditis. Fisher’s
exact test was used to assess data in the two-dimen-
sional contingency tables for comparison with sex,
family history of AITD, and smoking. Mann—Whitney
U-test was used for comparisons between two groups.
Spearman’s rank correlation coefficient (r;) was deter-
mined to assess correlations between two variables.
Data for TSH, TRAb, TgAb, and TPOAb were ana-
lyzed with log-transformed values. P-values < 0.05
were accepted as statistically significant (SPSS version
15, Chicago, IL). Data were presented as medians and
interquartile ranges.

Results

The distribution of serum IgG4 levels in patients with HT

In 149 patients with HT, median serum IgG4 levels
were 32.0 mg/dL (interquartile range, 20.0-65.0) with a
unimodal non-normal distribution (Fig. 1). Six patients
(4.0%) had elevated serum IgG4 levels above 135 mg/

dL. Among those six, median serum IgG4 levels were
189.5 mg/dL (interquartile range, 172.8-222.0).

The association between serum IgG4 levels and clini-
cal features, compared with 1gG4 thyroiditis

A comparison of clinical features between the ele-
vated and non-elevated IgG4 groups is shown in Table 1.
The age of the elevated 1gG4 group was significantly
higher than that of the non-elevated IgG4 group.
The elevated IgG4 group consisted of 3 males and 3
females, whereas the non-elevated 1gG4 group con-
sisted of 33 males and 110 females; however, the gen-
der composition of the two groups did not differ signif-
icantly. In addition, there was no significant difference
between the groups in the replacement doses of L-T4
or the titers of anti TgAb and TPOAbD. Although ultra-
sonography revealed no significant difference in thy-
roid size between the groups, the elevated IgG4 group
had larger hypoechoic areas in the thyroid gland than
the non-elevated IgG4 group.

Clinical features of six patients with elevated serum
IgG4 levels
The clinical features of six patients with elevated
serum IgG4 levels are summarized in Table 2. Patients 1,
2, 3 and 6 did not have extra-thyroid organ involvement.
In accordance with the diagnostic criteria for
1gG4-RD, patients 4 and 5 probably had extra-thyroid
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Table 1 Clinical backgrounds in patients with Hashimoto’s thyroiditis

Non-clevated 1gG4 Elevated IgG4
(£135mg/dL, n=143, 96%) (>135mg/dL, n=6, 4%)
Median (interquartile range) n Median (interquartile range)  n p-value

Age (years) 60.0 (42.0-71.0) 143 75.5(71.0-77.8) 6

1gG (mg/dL) 1339.0(1149.0-1564.0) 143 1399.0(1325.0-1584.0) 6 0.352°

Increase of color Doppler flow 0(0-1.0) 116 0 (0-0) 5 0.426°

T3 (pg/mL) 2.8(2.5-3.0) 92 2.7(2.1-3.1) 5 0.585P

TPOAb (JU/mL) 142.2(16.9-390.5) 136 71.6(20.7-126.9) 6

P-values were obtained using *Fisher’s exact test, or "Mann—Whitney U-test; p-values < 0.05 were accepted as significant
and are indicated above in bold. Values of <0.003, <0.4, <1.0, <5, <10, >30.0, >600, and >4000 were used in calculations
as 0.003, 0.4, 1.0, 5, 10, 30.0, 600, and 4000, respectively. ®Thyroid size was measured as the sum of both lobes according
to the following calculation: anteroposterior X transversal diameters (mmz) at the maximum position. dHypoechogenicity
in the thyroid gland was classified into four categories, Grades 0-3. Higher score indicates a larger hypoechoic area. °L-T4
doses were chosen to maintain euthyroid status for 1 year. AITD, autoimmune thyroid disease; L-T4, levothyroxine; NA,
not applicable.

Table 2 Clinical features in six patients with elevated IgG4 levels

Patients 1 2

TSH (pIU/LY? 96.4 30.5 2.4 2.7 1.1 1.9

N.D. N.D. 123 118 N.D. N.D.

TPOAb (IU/mL)* 600.0 311.0 14.3 138.0 93.4 49.8

Thyroid size on US (mm~*) 1400 304 905 488 288 N.D.

L-T4 (pg/day) 100 150 0 0 100 0

Thyroid function was tested on their first visit to our hospital. M, male; F, female; N.D., not determined.
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organ involvement. Patient 4 exhibited swelling of her
bilateral eyelids and lacrimal glands, detected by CT
and MRI. A complication of IgG4-related dacryoade-
nitis (Mikulicz disease) and HT was suspected, but his-
tological confirmation was not yet obtained. Although
patient 5 had the highest levels of serum IgG4, her
titers of anti-thyroid antibodies were not highest in
the group, and no replacement of L-T4 was needed.
Patient 5 was hospitalized at our hospital because of
anorexia and hyponatremia. On his first admission, he
had hyponatremia (Na 116 mEq/L) with excess of uri-
nary sodium excretion (U-Na 41 mEq/L), eosinophilia
(WBC 5400/uL, Eosinophil 7.8%), and low cortisol
level (ACTH 24.7 pg/mL, Cortisol 1.7 pg/dL), sus-
pected of being adrenal insufficiency. Since his ante-
rior pituitary hormone response to hormone provoca-
tive tests with CRH, TRH, and GnRH was low, he was
diagnosed with hypopituitarism. His brain MRI exhib-
ited swelling of the pituitary gland, probably due to
pituitary adenoma or hypophysitis. Therefore, 15 mg
of hydrocortisone was administered to treat his adrenal
insufficiency, and to assess whether the swelling of the
pituitary gland would shrink in response to hydrocor-
tisone. Basal pituitary hormone levels and the size of
the pituitary gland had not changed for about two years
since his first visit.

Three patients out of six were followed their serum
IgG4 levels within two years as shown in Table 2. The
serum IgG4 level in patient 1 decreased to 105 mg/dL
(=135mg/dL) after treatment with L-T4 while main-
taining a euthyroid state for two years. The serum
IgG4 level in Patient 3 and 5 were slightly increasing
during their clinical course. None of the patients expe-
rienced exacerbation of thyroid swelling or thyroid
function during the follow-up period, and no patients
needed thyroidectomy.

Discussion

Among the HT patients in our study, 4.0% had ele-
vated serum 1gG4 levels; this proportion was higher in a
previous study conducted by Kawashima ez al. (20.8%)
[14]. This difference can be attributed in part to the
method of screening patients: although Kawashima ez
al. excluded patients with normal serum IgG levels,
we selected all patients with HT prospectively; conse-
quently, we included patients with early-stage HT.

Li and Kakudo et al. [8-10] reported IgG4 thyroid-
itis in a subset of patients with HT who exhibited his-

topathological features of IgG4-RD. They showed
that IgG4 thyroiditis was associated with younger age,
male gender, subclinical hypothyroidism, higher lev-
els of circulating antibodies, and diffuse hypoecho-
genicity. In their reports, the patients underwent total
thyroidectomy due to marked swelling, tracheal ste-
nosis, suspicion of malignancy, etc., and were diag-
nosed with IgG4 thyroiditis histopathologically. In
our prospective study, most patients with HT had no
airway symptoms and did not undergo thyroidectomy.
The patients in the elevated 1gG4 group were defined
serologically with cutoff values of serum IgG4 levels
above 135 mg/dL. Thus, patient background differed
between the studies. An association between 1gG4 thy-
roiditis and male predominance or diffuse hypoecho-
genicity has also been suggested in other reports [7,
14]. Consistent with those studies, ultrasonography
revealed that hypoechoic areas were larger in the ele-
vated IgG4 group than in the non-elevated 1gG4 group
in our prospective study. Because hypoechoic areas in
ultrasonography have been suggested to be the infil-
tration of lymphocytes and fibrosis [15], we speculate
that a higher grade of hypoechogenicity reflects greater
infiltration of IgG4-positive plasma cells in the lesion.
Male predominance was not confirmed statistically in
this study.

In our prospective study, all patients in the elevated
IgG4 group were above the age of 60, and the median
age was higher in the elevated IgG4 group than in the
non-elevated IgG4 group. This is consistent with obser-
vations made in GD and IgG4-RD [2, 7], but inconsis-
tent with past reports of 1gG4 thyroiditis [8-10]. Thus,
this result implies that the elevated IgG4 group con-
sists of patients with heterogeneous diseases, includ-
ing IgG4-RD.

Replacement doses of L-T4 were not significantly
higher in the elevated IgG4 group than in the non-ele-
vated IgG4 group. This result was also inconsistent
with characteristics of IgG4 thyroiditis in previous
reports [8-10]; this discrepancy can be attributed to dif-
ferences in the backgrounds of patients who had large
goiters and needed thyroidectomy. Although some of
the patients had received replacement doses of L-T4
during their first visit to our hospital, withdrawal of
L-T4 was not tried to estimate thyroid function status.

Previous reports have discussed the association
between serum [gG4 levels and anti-thyroid antibod-
ies; in particular, these studies have shown that IgG4
is a predominant subclass of anti TgAb and TPOAb
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in patients with HT [16-20]. In addition, the titers of
serum anti-thyroid antibodies in patients with 1gG4
thyroiditis are higher than in patients with non-IgG4
thyroiditis [8-10, 14]. On the other hand, one clini-
cal study showed no significant difference in serum
IgG levels between IgG4 thyroiditis and non-1gG4 thy-
roiditis [18]. Recently, Li et al. [16] demonstrated a
negative correlation between serum IgG4 and titers of
anti TgAb and TPOAD in patients with HT, despite the
predominance of the 1gG4 subclass in both antibod-
ies. Therefore, it remains controversial whether serum
IgG4 levels correspond with titers of anti-thyroid anti-
bodies. In this study, titers of anti-TgAb and TPOAb
did not differ significantly between the elevated 1gG4
group and non-elevated 1gG4 group, nor did they cor-
relate with serum IgG4 levels. Further prospective
studies will be needed in order to evaluate the associa-
tion between serum IgG4 levels and titers of anti-thy-
roid antibodies.

It has been reported that some patients with 1gG4
thyroiditis who had initially treated as GD and rapidly
developed hypothyroidism after ATD treatment [14,
21]. In our report, no patients in the elevated 1gG4
group had a medical history of GD, and their titers of
TRAD and TSAD were negative as shown in Table 2.

In our study, two patients in the elevated IgG4 group
exhibited involvement of extra-thyroid organ, as seen
in IgG4-RD, implying that the extra-thyroid organ
was the source of serum IgG4. However, previous
reports suggested that the thyroid gland is the source
of serum IgG4 in patients with IgG4 thyroiditis, based
on the reduction in serum IgG4 levels after thyroidec-
tomy [8-10]. In these previous reports, no extra-thy-
roid organ involvement associated with IgG4-RD was
observed in IgG4 thyroiditis. Accordingly, we specu-
late that elevated IgG4 group in HT is a heterogeneous

in its origin of serum IgG4, which include 1gG4-RD,
IgG4 thyroiditis and non-specific IgG4 elevation with
HT. Generally, histopathological findings are neces-
sary for accurate diagnosis of these diseases. However,
we could not conduct histopathological analyses,
because there were no patients who needed tissue sam-
pling or thyroidectomy in our cohort.

Time course of serum IgG4 during treatment and
clinical course is not fully provided in our study, which
may be essential to elucidate pathophysiological rela-
tionships and therapeutic outcomes of this new entity.

In summary, we prospectively evaluated the serum
IgG4 levels and clinical features of patients with HT.
A minority (4.0%) of the patients had serum IgG4 lev-
els above 135 mg/dL. HT patients with elevated serum
1gG4 levels shared clinical features with both IgG4-RD
and IgG4 thyroiditis. Longer follow-up periods and
histopathological assessments are needed to further
understand the meaning of elevated serum IgG4 lev-
els in HT.
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Clinicopathological features of Riedel’s thyroiditis associated
with IgG4-related disease in Japan
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Abstract. Riedel’s thyroiditis (RT) is a rare chronic fibrosing disorder characterized by a hard, infiltrative lesion in the
thyroid gland, which is often associated with multifocal fibrosclerosis. Immunoglobulin G4-related disease (IgG4-RD) is
typified by infiltration of IgG4-positive plasma cells into multiple organs, resulting in tissue fibrosis and organ dysfunction.
In order to evaluate the clinicopathological features of RT and its relationship with IgG4-RD, we performed a Japanese
literature search using the keywords “Riedel” and “Riedel’s thyroiditis.” We used the electronic databases Medline and
Igaku Chuo Zasshi, the latter of which is the largest medical literature database in Japan. The diagnosis of RT was based
on the presence of a fibroinflammatory process with extension into surrounding tissues. Only 10 patients in Japan fulfilled
RT diagnostic criteria during the 25-year period between 1988 and 2012. Two patients with confirmed 1gG4/1gG
immunohistochemical findings demonstrated 43 and 13 IgG4-positive plasma cells per high-power field, respectively, and
the IgG4-positive/IgG-positive plasma cell ratios of 20% and less than 5%. Of the 10 patients with RT, two received
glucocorticoids, one of whom experienced marked shrinkage of the thyroid lesion. One patient had extra-thyroid
involvement in the form of retroperitoneal fibrosis. Although the clinicopathological features of RT suggest that JgG4-RD
may be the underlying condition in some cases, further investigation is needed to clarify the etiology of RT in relation to

IgG4-RD.

Keywords: Riedel’s thyroiditis, Immunoglobulin G4, Immunoglobulin G4-related disease, IgG4 thyroiditis, Japan

RIEDEL’S THYROIDITIS (RT) was first recog-
nized in 1896 by Riedel as a hard, infiltrative lesion
in the thyroid gland [1]. In 1985 the estimated inci-
dence was 1.06 cases per 100,000 persons and the
condition was found in 37 of 56,700 patients under-
" going thyroidectomy, however, the precise incidence
is not clear because of the rarity of this condition [2].
Histologically, RT manifests as a fibroinflammatory
process with extension into surrounding tissues, inflam-
matory cell infiltrates, destruction of the thyroid folli-
cles, and obliterative phlebitis [3-6]. The symptoms of
RT, such as dyspnea, hoarseness, and dysphagia, are
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often due to local pressure or infiltration of the fibrotic
process [7]. Systemic organ involvement, including
retroperitoneal fibrosis, autoimmune pancreatitis, and
sclerosing cholangitis, has also been reported [8-10].

An association between thyroid diseases such as
Graves’ disease, Hashimioto’s thyroiditis, and RT and
IgG4-related disease (IgG4-RD) has recently been
reported [11-15]. Patients with IgG4-RD exhibit ele-
vated serum 1gG4 levels, IgG4-positive plasma cells,
and tissue fibrosis and organ dysfunction caused by
lymphocyte infiltration into multiple organs [16, 17].
Although RT and IgG4-RD share some similar his-
topathological features and both are associated with
multifocal fibrosclerosis, the etiology of both diseases
remains unclear [7, 18].

Since RT is such a rare disease, there have been only
a few case reports in Japan. In order to evaluate the
clinicopathological features of RT and its relationship
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with IgG4-RD, we performed a literature review of RT
in Japan for the first time. Furthermore, we conducted
1gG4-related immunohistochemical analyses concemn-
ing two selected cases.

Patients and Methods

Using the keywords “Riedel” and “Riedel’s thyroid-
itis,” we performed a literature search of the electronic
databases Medline and Igaku Chuo Zasshi, the latter
of which is the largest medical literature database in
Japan. We identified 29 articles from Japan that were
published between 1988 and 2012; five of these were
excluded due to overlap. The remaining 24 papers
were included in this study.

The authors of 14 papers agreed to cooperate with our
survey of RT. We asked these authors to provide us with
detailed information on each patient’s clinical course
and laboratory data, as well as histological findings of
each thyroid gland. The diagnosis of RT was based
on the presence of a microscopically or macroscopi-
cally confirmed fibroinflammatory process with exten-
sion into surrounding tissues; histopathological findings
consisting of inflammatory cell infiltrates, destruction
of the thyroid follicles, and obliterative phlebitis were
considered ancillary information [8]. The differential
diagnosis of RT included the following: solitary fibrous
tumor, paucicellular type undifferentiated carcinoma,
fibrous variant of Hashimoto’s thyroiditis, sarcoma, dif-
fuse sclerosing variant of papillary carcinoma, large cell
lymphoma with sclerosis, and Hodgkin disease, nodular
sclerosis type [19]. Thyroid function tests and anti-thy-
roid antibodies titers were evaluated based on the refer-

ence ranges of each institution.

Tissue specimens were available for two patients;
immunohistochemical analysis of these specimen was
conducted using anti-IgG (Nichirei, Tokyo, Japan,
AS5TH, 1:1 dilution) and anti-IgG4 (Nichirei, Tokyo,
HP6025, 1:2 dilution) antibodies. The total number of
1gG4-positive plasma cells per high-power field (HPF)
was counted and the 1gG4/IgG ratio was calculated,;
both were compared to the comprehensive diagnostic
criteria for IgG4-RD [20], which specify more than 10
1gG4-positive plasma cells per HPF and an 1gG4/1gG
ratio greater than 40%.

Results

Histopathological features of RT

The 24 papers we evaluated identified 10 patients
who were diagnosed with RT based on the above men-
tioned criteria [8]. The remaining 14 patients, one of
whom had suspected RT and IgG4-RD, were excluded
from our study due to insufficient information. The his-
topathological features of 10 patients with RT, such as
inflammatory cell infiltrates, destruction of the thyroid
follicles and obliterative phlebitis, are shown in Table 1.

Immunohistochemical results from two patients
demonstrated confirmed IgG4/IgG immunohistochem-
ical findings, as shown in Fig. 1. The total number of
IgG4-positive plasma cells in Patients 1 and 2 were 43/
HPF and 13/HPF, respectively. The IgG4/IgG ratios
were 20% in Patient 1 and less than 5% in Patient 2.

Clinical features of RT
Of the 10 RT patients, seven were women (Table 2).

Table 1 Pathological features in 10 patients with Riedel’s thyroiditis

Patient Age Gender

infiltrates

Inflammatory cell Destruction of the
thyroid follicles

Obliterative

1gG4/1gG ratio
phlebitis 18G4 VHPF) )

10 53 M +

N.D.

N.D.

N.D. N.D.

HPF, high power field; N.D., not determined

All 10 patients were diagnosed with Riedel’s thyroiditis based on the presence of a fibroinflammatory process with
extension into surrounding tissues that was confirmed microscopically or macroscopically.
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Fig. 1 Histopathology of Riedel’s thyroiditis.
Histopathological images from Patient 1 (left column) and Patient 2 (right column) are shown.
Hematoxylin and cosin staining of the thyroid lesions revealed lymphoplasmacytic infiltration, severe fibrosis (A, B),
and obliterative phlebitis (C, D). IgG4 immunostaining revealed the presence of IgG4-positive plasma cells (E, F). IgG
immunostaining was also performed to calculate the ratio of IgG4-positive to IgG-positive plasma cells (G, H).
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Table 2 Clinical features in 10 patients with Riedel’s thyroiditis

. Anti-thyroid
Patient Age Gender Symptoms Thyroid antibodies

function (TgAb/ TPOAD) (ng/mL) (mg/dL) (mg/dL)

1G4 1eG Extrathyroid

uUsS Treatment lesi
esion

Neck pain
and neck  Hyper
swelling

N.D./-

36.9

N.D. 20.6  Hypoechoic  PSL30mg

Dysphagia,

tenderness Hyper

Low

N.D. N.D. Heterogeneous Isthmectomy

Neck
swelling

ND./- 130

Total

N.D. N.D. thyroidectomy

Hypoechoic

-+ N.D.

N.D. ND. Lobectomy

ank pain,

10 33 M neck mass

N.D.

N.D. N.D.

obectomy,
steroid therapy

etroperitonea

N.D. fibrosis

N.D. N.D.

TgAb, anti-thyroglobulin antibody; TPOADb, anti-thyroid peroxidase antibody; Tg, thyroglobulin; Eu, euthyroidism; Hyper, hyperthy-
roidism; Hypo, hypothyroidism; N.D., not determined; US, ultrasonography; PSL, prednisolone.

The mean age at diagnosis was 51.9 yr (range, 27-89
yr). In most patients, symptoms such as dyspnea,
hoarseness, and neck swelling were due to a mass effect
in the neck. One patient presented to the hospital with
flank pain due to retroperitoneal fibrosis with hydrone-
phrosis. With respect to thyroid function, hypothyroid-
ism was present in two patients and hyperthyroidism
in four patients. Three patients were positive for anti-
thyroid antibodies. In most cases, ultrasonography
showed a severe hypoechoic area in the thyroid gland.
Seven patients underwent thyroidectomy for diagnosis
and treatment. Two patients received steroids, which
resulted in marked shrinkage of the thyroid lesion in
one patient. One patient had extra-thyroid involvement
manifesting as retroperitoneal fibrosis.

The clinical course of the two patients with con-
firmed IgG4/IgG immunohistochemical findings are
described below.

[Patient 1] A 31-year-old man presented with left
neck swelling and aphagia. Palpation revealed a firm,
immobile neck mass in his neck that was 9 cm in size.
He was euthyroid (TSH, 1.52 uU/mL; free T4, 1.17 ng/
dL). Anti-thyroid antibodies were negative, and thy-

roglobulin was 62 ng/dL. Ultrasonography of the thy-
roid gland showed a severely hypoechoic mass in the
left lobe. Computed tomography (CT) showed tracheal
deviation to the right, secondary to compression by the
thyroid mass; tumor invasion of the trachea was sus-
pected. Fine-needle aspiration biopsy (FNAB) was
performed, and cytology was consistent with an ade-
nomatous goiter. Although the cytology results were
not malignant, the patient underwent subtotal thy-
roidectomy with neck dissection because the ultraso-
nography and CT findings were suspicious for malig-
nancy. Intraoperatively, severe adhesions between
the thyroid gland and surrounding tissues were found,
leading to the excision of the thyroid tumor with the
surrounding muscles and the trachea. The resected
thyroid tumor was hard and yellowish-white in appear-
ance. Microscopic evaluation revealed the presence
of a fibroinflammatory process with extension into
surrounding tissues, infiltrates of inflammatory cells,
destruction of the thyroid follicles, and obliterative
phlebitis was observed. The thyroid tumor was diag-
nosed as RT. Postoperatively, the patient did not expe-
rience recurrence of RT or the development of extra-
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thyroid lesions.

[Patient 2] A 27-year-old woman with a known goi-
ter presented with exacerbation of neck swelling and
pain. Thyroid function testing revealed mild hyper-
thyroidism (TSH, 0.36 pU/mL; free T4, 1.11 ng/dL),
but anti-TSH receptor antibodies were negative. Anti-
thyroid antibodies were negative and thyroglobulin
was 36.9 ng/dL. Ultrasonography of the thyroid gland
showed a 2.5-cm hypoechoic mass in the left lobe.
FNAB was performed twice, but cytology results of
both procedures were inadequate for an accurate diag-
nosis. Since the patient’s thyroid tumor was gradu-
ally growing, *°™Tc/?"1 Tl scintigraphy was performed.
The tumor was *°™Tc negative and 2°!'Tl positive,
which implied the possibility of malignancy. Thus,
an open biopsy of the thyroid tumor was performed
and the microscopic findings were identical to those
in Patient 1. The thyroid tumor was diagnosed as RT.
Consequently, the patient began a tapering course of
prednisolone beginning at 30mg/day. One month after
treatment, ultrasonography of her neck showed that
the thyroid lesion had disappeared. Prednisolone was
discontinued after seven months. Neither RT recur-
rence nor the development of extra-thyroid lesions
was detected after steroid therapy.

Discussion

Based on the diagnostic criteria for RT mentioned
above, only 10 patients fulfilled diagnostic criteria for
RT in Japan during a 25-year period [3-6, 8]. Among
the remaining 14 patients in the reports we evaluated,
one had suspected RT and 1gG4-RD, but we excluded
this case because of the absence of extra-thyroid expan-
sion [21].

An association between RT and IgG4-RD has been
reported [7, 18]. IgG4-RD is characterized by elevated
serum IgG4 levels, IgG4-positive plasma cells, and
lymphocyte infiltration into multiple organs, resulting
in tissue fibrosis and organ dysfunction [16, 17]. Both
diseases exhibited similar histopathological features
and are associated with multifocal fibrosclerosis [7].

In order to characterize the relationship between
RT and IgG4-RD, we performed 1gG4 staining of the
thyroid lesions of two patients whose tissue speci-
mens were available for IgG4. Although the pres-
ence of IgG4-positive plasma cells was detected in
both patients, the comprehensive diagnostic criteria
for IgG4-RD were only partially met [18]. In both

patients, the total number of IgG4-positive plasma cells
was more than 10/HPF, but the IgG4/IgG ratio was less
than 40% in both patients.

Pusztaszeri et al. [22] reported a case of RT in which
1gG4 staining revealed 70 1gG4-positive plasma cells/
HPF within the thyroid lesion, and an IgG4/IgG ratio
of 35% (<40%). In addition, Dahrgren et al. [18]
reported three cases of RT. One patient’s thyroid lesion
had 53 IgG4-positive plasma cells/HPF (1gG4/IgG
ratio, 80%) within the thyroid lesion, whereas the other
two patients had 8/HPF (IgG4/1gG ratio, 50%) and 10/
HPF (IgG4/1gG ratio, 20%), respectively. Fatourechi
et al. [8] investigated 21 cases of RT and confirmed the
presence of IgG4-positive plasma cells in two patients;
there were a few such cells in one case and moder-
ate numbers in the other. Thus, among the six pre-
viously reported cases and the two of our cases, only
one patient met the comprehensive diagnostic criteria
for IgG4-RD [20]. Severe fibrosis associated with RT
may lead to less lymphoplasmacytic infiltration, which
may result in these criteria not being met. On the other
hand, diagnostic criteria for IgG4 thyroiditis used by
Li et al. were 1gG4-positive plasma cells/HPF >20 and
1gG4/1gG ratio > 30% [11]. Thus, organ-specific cut-
off values for the number of IgG4-positive plasma cells
and the IgG4/IgG ratio may be needed for the thyroid
gland, as discussed for other-specific lesions associated
with IgG4-RD [23].

Most previous studies of RT have demonstrated
serum IgG4 levels of less than 135 mg/dL, the cut-
off value used as one of the diagnostic criteria for
IgG4-RD [8, 18, 22]. In this retrospective study, serum
IgG4 levels were not evaluated preoperatively in all of
the patients.

While both RT and IgG4-RD have been reported to
occur more frequently in patients with hypothyroidism
and those who are highly positive for anti-thyroid anti-
bodies, RT is more common in women between 30 and
50 years of age [8, 7, 24-26], and IgG4-RD has a higher
incidence in men older than 50 years [17, 27]. Our 10
Japanese patients with RT were predominantly females
(70%), aged 30 to 60 years, which was rather consistent
with the clinical profile of RT. Only 38% of patients
were positive for anti-thyroid antibodies, and both
patients with IgG4-positive plasma cells in their thyroid
glands were negative for anti-thyroid antibodies.

Of note, Patient 10 had retroperitoneal fibrosis,
which is one of the various lesions seen in patients
with IgG4-RD. It has been reported that approximately
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30% of RT patients develop retroperitoneal or medias-
tinal fibrosis within 10 years, and therefore long-term
follow-up of patients with RT is necessary to identify
subsequent [gG4-related extra-thyroid lesions [2].

Steroid therapy has often been reported to be effec-
tive in RT [28, 29]. Patient 2 was treated with prednis-
olone, which lead to the disappearance of her thyroid
lesion. Similarly, the retroperitoneal lesion of Patient
10 resolved following glucocorticoid therapy. Thus,
extra-thyroid organ involvement and the presence of
1gG4-positive plasma cells both predict a good response
to steroid therapy in patients with RT. In patients refrac-
tory to the steroid therapy, tamoxifen and rituximab
have been reported to be effective [7, 30, 31].

In patients with RT, lymphocytic infiltration includ-
ing T cells, B cells and eosinophils were confirmed
within the fibrotic areas of the thyroid [5]; eosinophils
were suggested to play a central role in this context [32].
The cytokines from these lymphocytes, particularly
transforming growth factor p (TGF-B), is a key factor in
the pathogenesis of fibrosis [33]. Tamoxifen has been
reported to be effective for the treatment of RT; one of
the proposed mechanisms of the drug was a decline of
TGF- followed by the inhibition of fibroblast prolif-
eration [34-36]. Also, in patients with IgG4-RD, cyto-
kines released from type 2 helper T (Th2) and regula-
tory T (Treg) cells including TGF-p are overexpressed
in the affected sites [17]. These cytokines contributes
to eosinophilia, IgG4 class switch, and progression of
fibrosis, which are thought to be possible mechanisms
of association between IgG4-RD and RT.

Since RT is such a rare disease, immunohistochemi-
cal analyses were performed only in limited cases. In
addition, long-term investigations are also needed.

For the first time we performed a literature review
of cases of RT in Japan, and identified only 10 patients
diagnosed pathologically during a 25-year period. In
two patients, the infiltration of IgG4-positive plasma
cells was confirmed, one of which exhibited good
response to steroid therapy. Although these clinico-
pathological features suggest that IgG4-RD may be the
underlying condition in some patients with RT, further
investigation is required to understand the etiology of
RT in relation to IgG4-RD.
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Abstract

Background Although renal dysfunction in IgG4-related
kidney disease (IgG4-RKD) shows rapid resolution with
glucocorticoid therapy, little is known about the appropri-
ate initial glucocorticoid dose for induction therapy or
long-term renal outcome.

Methods We retrospectively examined the differences in
recovery of renal function according to the dose of glu-
cocorticoid used for induction therapy and the long-term
renal outcome in 43 patients with definite IgG4-RKD
(mostly IgG4-tubulointerstitial nephritis), in whom the
estimated glomerular filtration rate (eGFR) before gluco-
corticoid therapy was <60 ml/min.

Results  Most patients were treated with glucocorticoid
alone and had been maintained on glucocorticoid. The
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initial dose of prednisolone employed was <0.6 mg/kg/day
(mean 0.47) in 27 patients (group L), and >0.6 mg/kg/day
(mean 0.81) in 16 patients (group H). In both groups, the
pretreatment eGFR was significantly improved at 1 month
after the start of glucocorticoid therapy and the degree of
improvement showed no significant inter-group difference.
Relapse of IgG4-RKD occurred in 16.7 % of the group L
patients and 13.3 % of the group H patients (p = 0.78).
Among 29 patients who were followed up for over
36 months (mean 74 months) and had been maintained on
glucocorticoid, none showed progression to end-stage renal
disease and there was no significant difference between
eGFR at 1 month after treatment and eGFR at the last
review.

Conclusion In glucocorticoid monotherapy for IgG4-
RKD, a moderate dose is sufficient for induction, and
recovery of renal function can be maintained for a long
period on low-dose maintenance, although relapse can
occur even in patients receiving maintenance therapy.

Keywords IgG4-related disease - Chronic kidney
disease - Tubulointerstitial nephritis - Glucocorticoid -
Follow-up

Introduction

IgG4-related disease (IgG4-RD) is a recently recognized
fibro-inflammatory condition that can affect multiple organs
[1, 2]. It is characterized by fibrosis and a dense lympho-
plasmacytic infiltrate including numerous IgG4-positive
plasma cells, being usually manifested as tumefactive or
hyperplastic lesions in the affected organs subjectively or
by radiology. In IgG4-RD, a rapid response to glucocorti-
coid (GC) therapy is also reported to be characteristic, and
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