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Abstract

Background 1gG4-related disease has attracted wide
attention recently. It is characterized by a high level
of serum IgG4 and dense infiltration of IgG4-positive
plasma cells into multiple organs, with the kidney being
one representative target. Although several sets of diag-
nostic criteria for autoimmune pancreatitis (AIP) are
available and renal lesion is recognized as an extra-
pancreatic manifestation of AIP, it is difficult to differen-
tiate IgG4-related tubulointerstitial nephritis (TIN) without

M. Kawano and T. Saeki equally contributed to this work.

M. Kawano
Division of Rheumatology, Department of Internal Medicine,
Kanazawa University Hospital, Kanazawa, Japan

T. Saeki
Department of Internal Medicine,
Nagaoka Red Cross Hospital, Nagaoka, Japan

H. Nakashima - T. Saito (<)

Division of Nephrology and Rheumatology,
Department of Internal Medicine, Faculty of Medicine,
Fukuoka University, 7-45-1 Nanakuma, Jonan-ku,
Fukuoka 814-0180, Japan

e-mail: tsaito@fukuoka-u.ac.jp

S. Nishi

Division of Nephrology and Kidney Center,
Kobe University Graduate School of Medicine,
Kobe, Japan

Y. Yamaguchi
Yamaguchi’s Pathology Laboratory, Chiba, Japan

S. Hisano

Department of Pathology, Faculty of Medicine,
Fukuoka University, Fukuoka, Japan

Published online: 07 September 2011

AJP from other types of TIN. To clarify the entity of IgG4-
related kidney disease (IgG4-RKD) and support in-depth
studies, the Japanese Society of Nephrology has estab-
lished a working group to prepare diagnostic criteria for
IgG4-RKD.

Method The working group analyzed 41 patients with
IgG4-RKD, and collected the following data to devise a
diagnostic algorithm and diagnostic criteria for IgG4-RKD:
clinical features including extra-renal organ involvement,
urinalysis and serological features including serum IgG4
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levels, imaging findings demonstrated by computed
tomography (CT), renal histology with IgG4 immuno-
staining, and response to steroid therapy.

Results The conditions for criteria are as follows. (1)
Presence of some kidney damage, as manifested by
abnormal urinalysis or urine marker(s) and/or decreased
kidney function with either elevated serum IgG level,
hypocomplementemia, or elevated serum IgE level. (2)
Kidney imaging studies showing abnormal renal imaging
findings, i.e., multiple low density lesions on enhanced CT,
diffuse kidney enlargement, hypovascular solitary mass in
the kidney, and hypertrophic lesion of the renal pelvic wall
without irregularity of the renal pelvic surface. (3) Serum
IgG4 level exceeding 135 mg/dl. (4) Renal histology
showing two abnormal findings: (a) dense lymphoplasma-
cytic infiltration with infiltrating IgG4-positive plasma
cells > 10/high power field (HPF) and/or ratio of 1gG4-
positive plasma cells/IgG positive plasma cells >40%. (b)
Characteristic ‘storiform’ fibrosis surrounding nests of
lymphocytes and/or plasma cells. (5) Extra-renal histology
showing dense lymphoplasmacytic infiltration with infil-
trating IgG4-positive plasma cells > 10/HPF and/or ratio of
IgG4-positive plasma cells/IgG-positive plasma cells
>40%. The diagnosis is classified into 3 stages of definite,
probable and possible according to the combinations of the
above conditions. Thirty-nine cases (95.1%) were diag-
nosed with IgG4-RKD according to the criteria.
Conclusion The provisional criteria and algorithm appear
to be useful for clarifying the entity of IgG4-RKD and
seeking underlying IgG4-RKD cases; however, further
experience is needed to confirm the validity of these
criteria.

Keywords IgG4-related kidney disease -
Diagnostic criteria - IgG4 - Tubulointerstitial nephritis

Introduction

After the recognition of autoimmune pancreatitis (AIP) as
an IgG4-related disease [1], similar lesions in other organs
have attracted much attention. IgG4-related kidney disease
(IgG4-RKD) was first reported as a complication or an
extrapancreatic manifestation of AIP in 2004 [2, 3]. In the
early reported cases, the development of renal dysfunction
and/or proteinuria during the clinical course of AIP was the
clue to the presence of renal involvement, and renal biopsy
revealed tubulointerstitial nephritis (TIN) and fibrosis with
dense infiltration of IgG4-positive plasma cells [2—4].
Thereafter, incidentally-detected IgG4-RKD cases in the
course of close examination of AIP [5-7] or chronic scle-
rosing sialadenitis and dacryoadenitis [§] using enhanced
computed tomography (CT) have been additionally
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accumulated. Recently, IgG4-RKD without AIP or chronic
sclerosing sialadenitis and dacryoadenitis has also been
reported [9-11].

Against this background of detection of 1gG4-RKD with
the kidney being the first recognized organ of IgG4-related
disease [9-11], demand for practical diagnostic criteria for
IgG4-RKD has been growing. To meet this demand and
spread recognition of IgG4-RKD among nephrologists and
other clinical practitioners, we organized a working group
in the Japanese Society of Nephrology (JSN) consisting of
specialists in clinical nephrology, renal pathology, clinical
immunology and rheumatology. This report describes our
proposal for a diagnostic algorithm and the diagnostic
criteria for IgG4-RKD prepared by this working group.

Methods
Patients

Between 2004 and 2011, we identified 41 patients with
IgG4-RKD in Kanazawa University Hospital, Nagaoka Red
Cross Hospital, Niigata University Hospital, Sapporo Med-
ical University Hospital, and Fukuoka University Hospital.
Nine patients [3 Churg—Strauss syndrome; 2 IgG4-RKD
without TIN with decreased renal function; 1 Sjogren’s
syndrome (SS) with TIN; 1 minimal change nephrotic syn-
drome; 1 allergic disease with hypocomplementemia; 1
relapsing polychondritis] were selected as a negative con-
trol. Written informed consent for all data and samples was
obtained from each patient. The diagnosis of IgG4-RKD was
made principally based on the histologic and immunohis-
tochemical findings of the kidney or other organs with the
support of a comprehensive analysis of the clinical picture
including elevated serum IgG4 levels, and final clinical
judgment was left to the observers at each hospital who had
sufficient experience in IgG4-related disease and clinical
nephrology. This study was approved by each institutional
ethics board and ethics board of the JSN. The research was
conducted in compliance with the Declaration of Helsinki.

Clinical features

The clinical picture including symptoms resulting from other
organ involvement such as the pancreas, lacrimal and sali-
vary glands, or lungs was noted. Diagnostic clues to IgG4-
RKD were carefully evaluated, and important items were
extracted. Serum IgG, 1gG4, IgE, and complement levels
were collected from the clinical data file. Serum creatinine
(Cr) levels and any abnormalities of urinalysis including
proteinuria and hematuria before corticosteroid therapy were
noted in all cases. Urine N-acetyl-B-p-glucosaminidase and
urine B,-microglobulin levels were also noted if available.
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Imaging

CT was the most recommended radiographic imaging
method for IgG4-RKD. In general, contrast-enhanced CT
was needed to make the correct diagnosis; however, the use
of contrast medium required careful judgment in patients
with impaired renal function. Without enhancement, dif-
fuse enlargement of the kidney inconsistent with the degree
of renal function was noted. Other modalities including
gallium scintigraphy, magnetic resonance imaging, and
fluorodeoxyglucose positron emission tomography were
additionally used to identify renal lesions.

Histology and immunostaining

Renal histology was available in 28 patients. Bouin’s fluid-
fixed or formalin-fixed and paraffin-embedded renal spec-
imens of patients with IgG4-RKD were analyzed, and the
degree of lymphoplasmacytic infiltration in the interstit-
ium, degree of fibrosis, eosinophilic infiltration, and
glomerular lesions were recorded. In immunostaining,
immunofluorescence was performed against IgG, IgA,
IgM, C3, Clq, and fibrinogen. Immunostaining was per-
formed using mouse monoclonal antibody against human
IgG4 (Zymed Laboratories, San Francisco, CA, USA, or
The Binding Site, Birmingham, UK), anti-human IgG
(Dako, Glostrup, Denmark), and/or anti-human CD138
(AbD Serotec, Oxford, UK).

Diagnostic algorithm and criteria

We first analyzed 41 cases of IgG4-RKD, the preliminary
diagnosis of which was made based on the clinical decision
of observers who had sufficient experience with IgG4-
related disease including AIP. To select the most sensitive
and specific test for the diagnosis of IgG4-RKD, we
referred to the revised clinical diagnostic criteria for AIP
proposed by Okazaki et al. [12] and Mayo Clinic criteria
for AIP proposed by Chari et al. [13]. On the basis of these
analyses, a diagnostic algorithm and criteria were prepared.

Results
Clinical features

Table 1 summarizes clinical and histological characteristics
of the 41 patients. The mean age of the 41 patients was
63.7 years (range 27-83). The ratio of male to female
patients was 30:11. Eight patients without preceding
IgG4-related disease were suspected to have renal disease

because of decreased kidney function (n = 4), radiographic
abnormalities (n = 2) and/or urinary abnormalities (n = 1).
The remaining one patient was detected after close exami-
nation of highly suspected elderly-onset lupus with elevated
serum IgG, hypocomplementemia, and polyarthritis without
urinary abnormalities. In contrast, 33 patients were diag-
nosed as having IgG4-RKD during the clinical course of
IgG4-related disease. Of these, 20 patients were incidentally
detected when systemic examination for IgG4-related dis-
ease was performed through radiographic examination.
Thirteen patients were suspected of having renal disease
because of newly noted renal dysfunction.

Serological features

The mean serum IgG level was 3467 mg/dl (range 1480-
9470 mg/dl), and 37 patients (90.2%) had elevated serum
IgG level. In 21 patients (51.2%), serum IgG levels
exceeded 3000 mg/dl. The mean serum IgG4 level was
991.2 mg/dl (range 152-2940 mg/dl), and all patients had
elevated serum IgG4 levels. Hypocomplementemia was
detected in 22 patients (53.7%), 16 of whom had low C3,
C4, and CHS50 levels. Two patients had both low C3 and
CHS50 levels, one had both low C3 and C4 levels, one had
low C3 levels only, and two had low C4 levels only. Serum
IgE level was evaluated in 33 patients. Mean serum IgE
level was 754.3 U/ml (range 3-3960 U/inl), and 26 patients
(78.8%) had elevated serum IgE levels. Mean serum Cr
level was 1.7 mg/dl, and 24 patients had elevated serum Cr
levels (serum Cr > 1.0 mg/dl).

Imaging

Contrast-enhanced CT was performed in 29 patients.
Twelve of 41 patients had no remarkable CT findings. In 10
of these, use of contrast enhancement was withheld
because of decreased renal function. The remaining two
patients had no remarkable CT findings despite the use of
contrast enhancement. Multiple low-density lesions on
enhanced CT were the most common radiologic finding in
IgG4-RKD, and 19 patients (46.3%) showed this feature
(Fig. la). When decreased renal function existed and
administration of contrast medium was deemed inadvis-
able, diffuse bilateral renal swelling was another feature
(n = 2) (Fig. 1b). The third characteristic radiologic finding
of I1gG4-RKD was diffuse thickening of the renal pelvis
wall with smooth intraluminal surface, and this finding was
sometimes detected in patients with IgG4-related disease
without obvious clinical symptoms (Fig. 1d). This radio-
logic finding was usually pointed out incidentally during
the close systemic evaluation of IgG4-related disease
patients, and 6 patients had this type of pelvic lesion. A
hypovascular solitary nodule of the renal parenchyma was
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Table 1 Clinical and
pathological characteristics of
41 patients

1gG4-RD 1gG4-related disease;
IgG4-RKD 1gG4-related kidney
disease; no. numbers

# Plus-minus values are
mean =+ SD

® The number of each organ
involvement is the same

) Springer

Characteristics The number of cases® (%)
Age (years) 63.7 £ 12.3

Male sex [no. (%)] 30 (73.2)

Patients with preceding 1gG4-RD [no. (%)] 33 (80.5)

Clue to detect IgG4-RKD with preceding 1gG4-RD [no./total no. (%)]
Incidentally detected during systemic examination for IgG4-RD
Newly noted renal dysfunction

Clue to detect 1gG4-RKD without preceding IgG4-RD [no./total no. (%)]

Decreased kidney function
Radiographic abnormalities

Urinary abnormalities

Urinalysis and serological features

Proteinuria [no./total no. (%)]

34+

2+

1+

+
Hematuria [no./total no. (%)]

34

24

1+

+
Elevated serum creatinine [no./total no. (%)]
Serum creatinine level (mg/dl)

Elevated serum IgG [no./total no. (%)]
Serum IgG level (mg/dl)
Serum IgG levels exceeding 3000 mg/dl [no./total no. (%)]
Hypocomplementemia [no./total no. (%)]
Elevated serum IgE [no./total no. (%)]
Serum IgE level (U/ml)
Elevated serum IgG4 [no./total no. (%)]
Serum IgG4 level (mg/dl)

Imaging (CT)

Contrast medium used [no./total no. (%)]

Multiple low-density lesions on enhanced CT [no./total no. (%)]
Diffuse bilateral renal swelling on enhanced CT [no./total no. (%)]
Diffuse bilateral renal swelling without enhanced CT [no./total no. (%)]
Diffuse thickening of the renal pelvis wall [no./total no. (%)]
Hypovascular solitary nodule [no./total no. (%)]

Histology

Patients with tubulointerstitial lesions [no./total biopsied no. (%)]
Patients with glomerular lesions [no./total biopsied no. (%)]

Other organ involvement [no. (%)]

Pancreas
Salivary gland
Lacrimal gland
Lung

Lymph node
Retroperitoneum
Prostate
Periaortic area

Breast, liver, nerve, thyroid gland, peritoneum, bile duct, or joint®

20/33 (60.6)
13/33 (39.4)

4/8 (50.0)
2/8 (25.0)
1/8 (12.5)

1/36 (2.8)
6/36 (16.7)
11/36 (30.6)
3/36 (8.3)

1736 (2.8)
2/36 (5.6)
9/36 (25.0)
3/36 (8.3)
24/41 (58.5)
1.7+ 15
37/41 (90.2)
3467.4 £ 1658.2
21/41 (51.2)
22/41 (53.7)
26/33 (78.8)
754.3 & 876.8
41/41 (100.0)
991.2 & 604.9

29/41 (70.7)
19/29 (65.5)
129 (3.4)
2/12 (16.7)
6/41 (14.6)
1/29 (3.4)

28/28 (100.0)
11/28 (39.3)

13 31.7)
29 (70.7)
12 (29.3)
12 (29.3)
17 (42.5)
4 (9.8)
3(7.3)
2 (4.9)
1 (2.4)
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Fig. 1 Characteristic renal computed tomography (CT) imaging. a Multiple low-density lesions on enhanced CT. b Diffuse bilateral renal
swelling. ¢ A hypovascular solitary nodule. d Diffuse thickening of the renal pelvis wall with smooth intra-luminal surface

very rarely diagnosed as an IgG4-related kidney lesion,
with only one such case detected in this study (Fig. Ic).
Another patient had unilateral renal swelling probably
because of a unilateral renal mass, but decreased renal
function prevented more detailed analysis using contrast-
enhanced CT.

Histology and immunostaining

A renal biopsy was performed in 28 of 37 patients (75.7%)
with renal parenchymal lesions. Dense lymphoplasmacytic
infiltration with fibrosis in the interstitium was found in
27 patients (Fig. 2a), and without fibrosis in one patient.
Interstitial fibrosis surrounding nests of lymphocytes was
characteristic and resembled the ‘storiform’ shape in AIP [14,
15], and also termed ‘bird’s eye’ pattern [16] (Fig. 2b). Of
these, marked IgG4-positive plasma cell infiltration was con-
firmed immunohistochemically in all patients (Fig. 2c, d). On
the other hand, glomerular lesions were not specific, although
they were found in 11 patients [3 membranous nephropathy
(MN), 2 Henoch-Schonlein purpura nephritis, 2 IgA
nephropathy, 2 focal and segmental endocapillary proliferative
glomerulonephritis, 1 membranoproliferative glomerulone-
phritis, 1 mesangial proliferative glomerulonephritis]. Five
patients who showed only diffuse pelvic wall thickening

radiologically were excluded from the renal histological
examination.

Other organ involvement

Other organ involvement was detected in 39 of 41 patients
(95.1%). The average number of affected organs was 3.4
(range 1-8), and the distribution was shown in Fig. 3. The
most frequently involved organ was the salivary gland,
with 29 of 41 patients (70.7%) affected. Lymph node
swelling was also frequently noted (17 of 41 patients;
42.5%). Thirteen patients (31.7%) had AIP, 12 (29.3%) had
dacryoadenitis, 12 (29.3%) had lung lesion, 4 (9.8%) had
retroperitoneal fibrosis, 3 (7.3%) had prostate lesion, and 2
(4.9%) had periaortic lesion. Breast, liver, nerve, thyroid
gland, peritoneum, bile duct, or joint lesion was detected in
one patient each. Eleven patients had both chronic scle-
rosing sialadenitis and dacryoadenitis.

Response to steroid therapy
Thirty-eight patients were treated with corticosteroid, 35 of
whom had a favorable response to steroid therapy. One

patient eventually required maintenance hemodialysis in
spite of corticosteroid therapy. In the remaining two
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s

Fig. 2 Representative light microscopic histology. a Dense lympho-
plasmacytic infiltration with fibrosis in the interstitium with clear
border between affected and unaffected areas. b Typical fibrosis. ¢, d
CDI138 and IgG4 stain shows that >40% of plasma cells are

16
14

Number of patients
[e<]

1 2 3 4 5 6 7 8
Number of affected organs

Fig. 3 Frequency distribution of the number of affected organs. The
mean number of affected organs was 3.4

patients, reduction of serum Cr was not achieved probably
because of a delay in the initiation of steroid treatment.

Diagnostic algorithm

Based on the analysis results of the diagnostic processes of
these 41 cases and previously reported cases, our working
group prepared a diagnostic algorithm of IgG4-RKD (Fig. 4;
Table 2). Forty of 41 patients (97.6%) had either abnormal
urinalysis or urine marker(s), abnormal radiologic findings,
or decreased kidney function. Either elevated serum IgG
level, hypocomplementemia, or elevated serum IgE level
was detected in 40 of 41 patients (97.6%). In four patients
with normal serum IgG level, three had increased serum
IgE levels without hypocomplementemia. Therefore, the
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1gG4-positive (a Periodic acid-Schiff stain x40, b PAM-Masson’s
trichrome stain x 100, ¢ CD138 immunostain x400, d IgG4 immuno-
stain x400)

presence of some kidney damage, as manifested by abnor-
mal urinalysis or urine marker(s), abnormal radiologic
findings, or decreased kidney function, with either elevated
serum IgG level, hypocomplementemia, or elevated serum
IgE level was selected to be the first step to suspect the
diagnosis of IgG4-RKD. However, as these features are
shared with systemic lupus erythematosus, cryoglobuline-
mia, or vasculitis including Wegener’s granulomatosis and
Churg-Strauss syndrome, exclusion criteria were inserted in
the next step. The third step was chosen to confirm an ele-
vated serum IgG4 level, and the following step consisted of
two complementary components: radiologic and histopath-
ologic examinations. If renal pathology was not available,
a careful differential diagnosis to rule out malignant
lymphoma, urinary tract carcinomas, renal infarction,
pyelonephritis, Wegener’s granulomatosis [17, 18], sar-
coidosis [19] and metastatic carcinoma was necessary, and
non-renal histological finding with infiltrating IgG4-positive
plasma cells >10/high power field (HPF) or IgG4/1gG
>40% was necessary to support the radiologic findings. As
the pathologic examination part, the following characteristic
renal pathological findings of IgG4-RKD were listed: (a)
marked lymphoplasmacytic infiltration, accompanied by
> 10 infiltrating IgG4-positive plasma cells/HPF and/or a
ratio of IgG4/IgG-positive plasma cells >40%, (b) charac-
teristic fibrosis surrounding several infiltrating cells, (c)
other useful findings for the differential diagnosis [positive
findings: lesions extending into the renal capsule, eosinophil
infiltration, well-defined regional lesion distribution,
marked fibrosis, negative findings: (necrotizing) angiitis,
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@Kidney injury manifested by urinalysis, radiologic findings and/or function tests

© serum 1gG 1, hypocozil;lemcntemia or serum IgE 1
Yes (4) | | Nom)
® Fulfills criteria for lupus, vasculitis and others } @ Fulfills diagnostic criteria for autoimmune pancreatitis (AIP) type 1 ]
Yes (C) No (D) Yes (E) No (F)
( ® Serum IgG4 Z 135me/d] ) [ ® Suggestive findings for 1¢G4 - related disease and Serum IgG4 = 135mg/d] )
No (H) Yes (G) Yes (I) No (J)
Unlikely [ ® Chancteristic radiologic findings in the kidney | ( Unlikely )
Tyes @ 1No (L)
®Renal pathology is availabe. | (| ® Renal pathology is available. ]  No (P)
| No )

No (R),| ® Lymphoma, carcinoma, renal infarction
Unlikel and pyelonephritis excluded
nlikely Yes (Q)

[ ®@IgG4-positive plasma cells>10/hpf and/or 1gG4/1gG>40%.

in extra-renal histology

)

Yes (M)
Yes (O)

@ Characteristic tubulointerstitial findings j

1 Yes (S) No (T)

| ves No (V)

[ Definite 1gG4-RKD ] [ Suspected IgG4-RKD

Definite IgG4-RKD ] Unlikely

Fig. 4 Diagnostic algorithm for IgG4-related kidney disease (IgG4-RKD). Table 2 is a supplement of Fig. 4

granulomatous lesion, neutrophil infiltration, advanced
tubulitis]. Since about 80% of patients were diagnosed as
having IgG4-RKD during the close examination of IgG4-
related disease other than IgG4-RKD, an alternative path-
way was inserted in the algorithm. Then, the performance of
the diagnostic algorithm procedure was tested on these 41
patients with IgG4-RKD (Fig. 5). In this way, 38 of 41
patients (92.7%) were diagnosed with definite IgG4-RKD,
two with suspected IgG4-RKD. In contrast, none of the
negative control patients were diagnosed with IgG4-RKD.

Diagnostic criteria

On the basis of the result of diagnostic algorithm procedure
and referring to several diagnostic criteria for AIP, we
propose criteria for diagnosis of IgG4-RKD (Table 3).
Using the proposed criteria, 39 of 41 patients (95.1%) were
diagnosed with definite, one with probable, and one with
possible IgG4-RKD.

Discussion

IgG4-RKD is a new clinical entity in the field of
nephrology, unrecognized before 2004, when the notion
gradually emerged of it being an extrapancreatic manifes-
tation of AIP [2-11, 20-25]. This disease has many
features helping to distinguish it from other types of TIN
radiographically [26-30] and pathologically [11, 21], and

early detection provides the best chance for preservation
of renal function because of its good responsiveness to
corticosteroid therapy [2-11]. However, any delay in
treatment increases the risk of kidney failure [31]. This
prompted us to prepare by consensus a set of diagnostic
criteria for IgG4-RKD.

To prepare diagnostic criteria, characteristic radiologic
findings are a very important component because these are
usually the first recognized distinctive features of this dis-
ease, while rarely being seen in other tubulointerstitial
nephritides [26-30]. Of these, the most common radiologic
finding was multiple low-density lesions on enhanced CT
[26-30], with 46.3% showing this type of abnormality in our
study. Takahashi et al. [26] found 9 patients with bilateral
multiple renal lesions, which could be included in the same
category as our multiple low-density lesions, in 14 renal
involvement cases. If the presence of decreased renal
function precludes use of contrast-enhanced CT, bilateral
diffuse kidney enlargement in plain CT is another feature. In
addition, very rarely, a hypovascular solitary mass in the
kidney was also detected [30, 32]; with this type of CT
finding, malignancy must be ruled out. The fourth radiologic
finding was hypertrophic lesion of the renal pelvic wall
without irregularity of the renal pelvic surface, with urinary
tract carcinoma being the most important condition to con-
sider in the differential diagnosis [26, 28-30].

Hypergammaglobulinemia or elevated serum IgG levels,
hypocomplementemia, and elevated serum IgE levels are
all frequently observed serologic features of IgG4-RKD
[2-11]. In our series as well we confirmed that 90.2% had
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Table 2 Diagnostic algorithm for IgG4-related kidney disease (IgG4-RKD)—Supplement to Figure 4

1. This diagnostic algorithm for IgG4-RKD covers renal parenchymal lesions and renal pelvic lesions

2. @ Kidney injury is recognized by proteinuria, hematuria, and elevated N-acetyl-B-p-glucosaminidase, B,-microglobulin and/or o,-
microglobulin excretions in urinalysis

3. @ At least one of 3 abnormalities (elevated serum IgG, hypocomplementemia and elevated serum IgE) is necessary

4. ® The following diseases: systemic lupus erythematosus, systemic vasculitis (Churg—Strauss syndrome and Wegener’s granulomatosis), and
cryoglobulinemia should be excluded. However, even if the patient fulfills the classification criteria of lupus or vasculitis, this may not be
sufficient to completely rule out IgG4-related disease, and measurement of serum IgG4 level is recommended in atypical cases

5. ® Autoimmune pancreatitis is diagnosed according to the previously proposed diagnostic criteria
6. ® Systemic lesion(s) other than AIP suggesting IgG4-related disease are listed as follows:
Biliary lesion (sclerosing cholangitis)
Pulmonary lesion (interstitial pneumonia, pseudotumor)
Retroperitoneal lesion (retroperitoneal fibrosis)
(peri-)Arterial lesion (inflammatory aortic aneurysm)
Lymph node lesion (hilar lymph node swelling, mediastinal lymph node swelling)
Lacrimal and salivary gland lesion (Mikulicz’s disease, chronic sclerosing dacryoadenitis and sialadenitis)
Hepatic lesion (pseudotumor of the liver)

7. @ Characteristic renal radiologic findings of 1gG4-related kidney disease are listed as follows: (in general, contrast-enhanced CT is needed to
make the correct diagnosis. However, the use of contrast medium requires careful judgment in patients with impaired renal function)

a. Multiple low-density lesions on enhanced CT

b. Diffuse kidney enlargement

¢. Hypovascular solitary mass in the kidney

d. Hypertrophic lesion of renal pelvic wall without irregularity of the renal pelvic surface

8. ® Malignant lymphoma, urinary tract carcinomas, renal infarction and pyelonephritis sometime have similar and confusing radiologic
findings, and their exclusion is necessary. In particular, misdiagnosis of malignancy as IgG4-related disease must be avoided

(rarely, Wegener’s granulomatosis, sarcoidosis and metastatic carcinoma have similar radiologic findings)
9. ® Characteristic tubulointerstitial findings of IgG4-related kidney disease are listed as follows:
a. Marked lymphoplasmacytic infiltration, which must be accompanied by > 10 infiltrating IgG4-positive plasma cells/high power field and/or

a ratio of 1gG4/1gG-positive plasma cells >40%
b. Characteristic ‘storiform’ fibrosis surrounding infiltrating cells
c. Other useful findings for differential diagnosis:

1. Positive findings: lesions extending into the renal capsule, eosinophil infiltration, well-defined regional lesion distribution, marked fibrosis

2. Negative findings: (necrotizing) angiitis, granulomatous lesion, neutrophil infiltration, advanced tubulitis

Circled numbers correspond to those in Fig. 4

increased serum IgG levels, 53.7% hypocomplementemia,
and 78.8% increased serum IgE levels. In addition,
decreased renal function was detected 58.5%. Therefore,
we considered that the presence of kidney damage, as
manifested by abnormal urinalysis or urine marker(s) or
decreased function, in combination with either elevated
serum IgG level, hypocomplementemia, or elevated serum
IgE level could obviate the need for characteristic radio-
graphic renal findings.

Although elevated serum IgG4 level is a useful marker
of IgG4-related disease including AIP, not all patients with
AIP manifest it. In fact, 8-23% of AIP patients are thought
to have normal serum IgG4 levels in Japanese patients
[33-35]. In contrast, our criteria do not consider the pres-
ence of IgG4-RKD with a normal serum IgG4 level
because we found that all our patients with IgG4-RKD had
elevated serum IgG4 levels, and considered that the
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presence of a normal serum IgG4 patient might lead to
misdiagnosis. In fact, recent studies [36-38] have shown
that only the characteristic histologic finding of marked
IgG4-positive plasma cell infiltration is not specific for
IgG4-related disease but is also seen in other diseases
such as vasculitis and Castleman’s disease. However, a
case report with IgG4-related inflammatory pseudotumor
of the kidney with normal serum IgG4 level is available
[32], and this represents one of the limitations of our
criteria.

Chari et al. [13] considered histologic criteria to be the
gold standard for the diagnosis of AIP. In addition to the
immunohistochemical findings obtained by IgG4 staining,
distinguishing fibrosis called ‘storiform fibrosis’ and
obliterative phlebitis are also very important for the diag-
nosis of type 1 AIP [14, 15]. Interestingly, we identified
that the same kind of fibrosis was detected in the involved
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Fig. 5 Diagnostic algorithm
performance for IgG4-related
kidney disease (IgG4-RKD).
This figure shows the results of
performance of diagnostic
algorithm for IgG4-RKD using
41 patients with IgG4-RKD and
9 patients as a negative control.
Upper number in each circle or
box shows the number of IgG4-
RKD, and lower number shows
that of the negative control.

Each box shows the number of No
final diagnosis with 1gG4-RKD IgG4-RKD
or non-IgG4-RKD. Using this 0
algorithm, 38 of 41 patients 6

(92.7%) were diagnosed with

definite IgG4-RKD, while none
of the negative control patients
were diagnosed with IgG4-RKD

kidney and in a previous study found that this characteristic
fibrosis was very useful in distinguishing IgG4-RKD from
other tubulointerstitial nephritides [16]. In contrast, oblit-
erative phlebitis was not detected in any renal biopsy
specimens in this study (data not shown). Therefore,
lymphoplasmacytic TIN with fibrosis and prominent
IgG4-positive plasma cells seems to be a representative
histopathologic feature of IgG4-RKD.

Several kinds of glomerular lesions have been repor-
ted that overlap with those of typical lymphoplasmacytic
TIN [11, 23, 24]. The most frequently reported lesion is
membranous nephropathy (MN), and three patients had
this type of glomerulopathy in this study. In addition, 8
other patients had various glomerular lesions other than
MN. Although the significance of glomerular lesions in
IgG4-RKD is unclear now, careful attention should be
paid to glomerular lesions in cases of IgG4-RKD.

One of the important differential diagnoses in daily
clinical practice is SS with TIN. Some investigators still
consider that Mikulicz’s disease and SS are the same dis-
ease because they have common clinical features such as
hypergammaglobulinemia, salivary gland enlargement or
dry symptoms. However, Mikulicz’s disease rarely has
positive serum anti-SSA/Ro or SSB/La antibodies as seen
in SS [39, 40], and has gradually been accepted as a rep-
resentative IgG4-related disease. On the other hand,
patients with SS seldom have elevated serum IgG4 levels.
Moreover, although both diseases have similar TIN in
renal histology, I1gG4 immunostaining is very useful to

upus,
vasculitis

Definite Extra-renal | Suspected Definite - |Characteristic No
IgG4-RKD histology 1gG4-RKD IgG4-RKD TIN IgG4-RKD
11 2 27 1
0 0 0 2
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+
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differentiate between them [39, 40]. Hence, IgG4-RKD is
unlikely to be confused with SS.

Considering the above-mentioned features of IgG4-
RKD and referring to several sets of previously established
diagnostic criteria for AIP [12, 13, 41, 42], we prepared
diagnostic criteria for IgG4-RKD. In the diagnostic pro-
cedure of AIP, pancreatic imaging, serology, and histology
have been regarded as important factors by Japanese
researchers [12]. In addition, Chari et al. [13] added other
organ involvement and response to steroid therapy as
useful findings in making the diagnosis of AIP. Application
of the approach of AIP to IgG4-RKD based on renal
imaging, serology, and histology appears reasonable and
are similarly useful. In addition, if renal pathology is not
available, histological findings of an extra-renal sample
with abundant infiltrating IgG4-positive plasma cells
(> 10/HPF and/or 1gG4/1gG > 40%) with characteristic
radiographic findings of kidneys seem to be sufficient to
make a definite diagnosis. Responsiveness to corticosteroid
therapy was not very useful in the diagnosis of 1gG4-RKD
because idiopathic TIN is in general responsive to it.

On the basis of this analysis of 41 patients with
IgG4-RKD, we proposed a diagnostic algorithm (Fig. 4)
and a set of diagnostic criteria (Table 3). Using this algo-
rithm, 92.7% of patients were diagnosed with definite
IgG4-RKD, and using these diagnostic criteria, 95.1% of
them were diagnosed with definite IgG4-RKD.

A merit of our diagnostic algorithm and our set of
diagnostic criteria in daily clinical practice is that it
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Table 3 Diagnostic criteria for IgG4-related kidney disease (IgG4-RKD)

1. Presence of some kidney damage, as manifested by abnormal urinalysis or urine marker(s) or decreased kidney function with either elevated
serum IgG level, hypocomplementemia, or elevated serum IgE level

2. Abnormal renal radiologic findings:

a. Multiple low-density lesions on enhanced computed tomography

b. Diffuse kidney enlargement

c. Hypovascular solitary mass in the kidney

d. Hypertrophic lesion of renal pelvic wall without irregularity of the renal pelvic surface
3. Elevated serum 1gG4 level (IgG4 > 135 mg/dl)
4. Histologic findings in the kidney

a. Dense lymphoplasmacytic infiltration with infiltrating IgG4-positive plasma cells > 10/high power field (HPF) and/or 1gG4/IgG-positive
plasma cells >40%

b. Characteristic fibrosis surrounding nests of lymphocytes and/or plasma cells
5. Histologic findings in extra-renal organ(s):

Dense lymphoplasmacytic infiltration with infiltrating IgG4-positive plasma cells > 10/HPF and/or 1gG4/1gG-positive plasma cells >40% in
extra-renal organ(s)

Definite: D+3)+4ab
2)+3)+4)ab
2)+3H+5)
D+3)+4da+5)

Probable: D+4ab
2)+4)a b
2)+35)
3+4ab

Possible: H+3)
2)+3)

D+4)a
2)+4a

Appendix:

1. Clinically and histologically, the following diseases should be excluded: Wegener’s granulomatosis, Churg—Strauss syndrome, extramedullary

plasmacytoma

2. Radiologically, the following diseases should be excluded: malignant lymphoma, urinary tract carcinomas, renal infarction and pyelonephritis
(rarely, Wegener’s granulomatosis, sarcoidosis and metastatic carcinoma)

3. Cases with suspected disease according to the diagnostic algorithm (Fig. 4) are classified into probable or possible IgG4-RKD according to

these criteria

provides nephrologists and other clinical practitioners with
the opportunity to identify patients with kidney-restricted
IgG4-related disease among those with miscellaneous tub-
ulointerstitial nephritides. In this study, only two patients
(4.9%) had no extra-renal manifestations of IgG-related
disease. Similarly, Zen and Nakanuma [43] showed that all
the kidney lesions that they experienced were associated
with extrarenal IgG4-related disease. These results can be
interpreted in two ways; either kidney-restricted IgG4-
related disease is very rare or it is often overlooked because
of poor recognition. Our diagnostic algorithm and set of
diagnostic criteria for IgG4-RKD may also provide a
promising approach to elucidate this issue.

In contrast, decreased renal function associated with
IgG4-related disease does not necessarily mean renal

@ Springer

involvement by IgG4-related disease. We experienced two
cases of IgG4-related disease with elevated serum Cr levels,
the renal histology of which turned out to be nephrosclerosis
in one case and diabetic nephropathy in the other case (data
not shown). Other such diagnostic pitfalls will surely be
recognized with the accumulation of greater numbers of
cases in various populations. Because of the existence of
such cases the diagnosis of IgG4-RKD must rely on char-
acteristic radiographic findings or histopathologic findings.

In summary, we proposed the first diagnostic algorithm
and a set of diagnostic criteria for IgG4-RKD. Prospective
studies are required to access the sensitivity and specificity
of these methods and to identify patients undiagnosed with
IgG4-RKD among the patients with idiopathic TIN and
other renal diseases.
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Abstract

Background. IgG4-related disease is a multi-organ disor-
der characterized by a high level of serum IgG4 and dense
infiltration of IgG4-positive cells into affected organs. In
routine studies, however, IgG subclasses are not estimated.
In the present study, we attempted to clarify the light-mi-
croscopic characteristics of IgG4-related tubulointerstitial
nephritis (TIN) to facilitate distinction from non-IgG4-
related TIN in specimens obtained by renal biopsy using
routine staining.

Methods. In specimens from 34 cases of TIN (13 IgG4-
related and 21 non-IgG4-related), 9 nephrologists inde-
pendently reviewed the following histological features of
interstitial lesions: (i) cell infiltration extending into the
renal capsule, (ii) cell infiltration into the renal medulla,
(iii) regional lesion distribution, (iv) lymphoid follicles,
(v) granulomatous lesions, (vi) necrotizing angiitis, (vii)
eosinophil infiltration, (viii) neutrophil infiltration, (ix) tu-
bulitis, (x) peritubular capillaritis, (xi) storiform fibrosis
and (xii) the stage of interstitial fibrosis. The modified
nominal group technique was applied to obtain a consensus
in the pathological interpretation.

Results. Consensus was successfully attained among the
diagnosticians for all but one pathological feature (regional
lesion distribution). Storiform fibrosis was demonstrated in
12 0f 13 (92.3%) cases of IgG4-related TIN but in none of the
cases of other types of TIN. Cell infiltration extending into the
renal capsule was also observed only in IgG4-related TIN.
Conversely, neutrophil infiltration, severe tubulitis, severe
peritubular capillaritis, granulomatous lesions and necrotiz-
ing angiitis were evident only in non-IgG4-related TIN.
Conclusion. This study revealed some useful and charac-
teristic features for distinguishing IgG4-related from
non-IgG4-related TIN on the basis of light-microscopic
observation.

Keywords: IgG4; light microscopy; storiform fibrosis; tubulointerstitial
nephritis

Introduction

1gG4-related disease (IgG4-RD) is a new clinical entity that
has been attracting worldwide attention, being character-
ized by a high level of serum Ig(G4 and dense infiltration of
IgG4-positive cells into affected organs [1-3]. The proto-
type of this condition was sclerosing pancreatitis [4] (also
known as Type 1 autoimmune pancreatitis [5]), but it is
known to affect various organs including the salivary
glands, hepatobiliary tract, lymph nodes, lungs, retroperi-
toneum and kidneys [1, 2, 6, 7]. Recently, we reported that
the major renal parenchymal lesion associated with IgG4-
RD is tubulointerstitial nephritis (TIN) [8]. Because steroid
therapy is usually quite effective, diagnosis of IgG4-related
TIN is important. However, IgG4-related TIN is difficult to
recognize in the absence of autoimmune pancreatitis or
Mikulicz’s disease, which are representative conditions of
the disease [1-3] because serum IgG subclasses are not
examined routinely and immunostaining for IgG subclasses
is not a routine part of renal pathologic studies. Further-
more, recent studies have revealed that high serum IgG4
levels and/or IgG4-positive plasma cells can also be present
in some inflammatory conditions that are not associated
with IgG4-RD, including anti-neutrophil cytoplasmic auto-
antibodies (ANCA)-associated vasculitis [9-11]. On the
other hand, several studies have revealed that certain com-
mon pathological features of IgG4-RD are evaluable in
routine examinations, such as storiform fibrosis, eosino-
philic infiltration, lymphoid follicles and obliterative phle-
bitis, and that these are also useful for diagnosis [5-8, 12—
16]. In fact, we have observed that some pathological fea-
tures including storiform fibrosis in IgG4-related TIN were
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similar to those observed in Type 1 autoimmune pancrea-
titis [8]. However, it is still unclear whether the pathological
features of IgG4-related TIN are actually characteristic in
comparison with those of non-IgG4-related TIN and whether
a consensus can be obtained among diagnosticians in the
interpretation of pathological features such as storiform fib-
rosis, because tubulointerstitial lesions have not been fully
examined from this perspective in ordinary TIN. These back-
ground factors prompted us to examine the light-microscopic
characteristics of IgG4-related TIN, in which pathological
consensus is attainable among diagnosticians, to allow its
distinction from non-IgG4-related TIN using routine staining.

Materials and methods

Patients

This study included 13 patients with IgG4-related TIN (IgG4 group) and
21 patients with the other types of TIN (non-IgG4 group). The cases in
both groups were selected from the renal biopsy pathology files at the
Division of Clinical Nephrology, Niigata University (including cases seen
at Nagaoka Red Cross Hospital) and the Division of Rheumatology,
Kanazawa University Hospital, between 1998 and 2010 (IgG4 group)
and between 2004 and 2010 (non-IgG4 group), respectively. Cases in
which the specimens included over 100 glomeruli (obtained by surgery,
open biopsy or autopsy) were excluded. The diagnosis of IgG4-related
TIN was based on both (i) a high serum IgG4 level (>135 mg/dL) [17] and
(ii) infiltration of numerous IgG4-positive plasma cells into the renal in-
terstitium (IgG4-positive plasma cells/IgG-positive plasma cells >40%
and/or 1gG4-positive plasma cells >10/high power field), along with clin-
ical features [18, 19]. The patients in the IgG4 group were all Japanese (11
males and 2 females) with an average age of 69.2 years (range 55-83
years). Twelve of the 13 patients had some IgG4-related extra-renal lesions
(autoimmune pancreatitis, sialadenitis, dacryoadenitis, lymph node swel-
ling, lung lesion, prostatitis or pseudo-tumor of the liver). The serum
creatinine levels were within the range 0.9-6.17 mg/dL (average 2.55 =+
1.89). The levels of serum IgG4 before steroid therapy were 4861860
(mean 1091, normal range <105). Hypocomplementemia was evident in
61.5% of the patients. None of them met the criteria for systemic lupus
erythematosus, ANCA-associated vasculitis or sarcoidosis. Nine of the 13
patients had been included in our earlier study [8] and four were newly
enrolled and had not been previously described.

The patients in the non-IgG4 group had a main renal pathological
diagnosis of TIN, excluding IgG4-related TIN, renal allograft rejection
and TIN associated with progressive chronic primary glomerular disease.
The etiology of TIN included drug use (n = 6), vesicoureteral reflux
(n = 1), malignant hypertension (r» = 1), sarcoidosis (n = 2), Sjogren’s
syndrome (n = 3), ANCA-related vasculitis (» = 3) and idiopathic (» = 5).
They were all Japanese (11 males and 10 females) with an average age of
55.7 years (range 11-80 years). Sialadenitis was present in three patients
with Sjogren’s syndrome and a patient with sarcoidosis showed lung
lesions. The other 17 patients had no extra-renal lesions. Serum creatinine
levels were 0.96-14.4 mg/dL (average 3.52 = 3.07). Serum IgG4 levels
were examined in three patients (two idiopathic and one Sjogren’s
syndrome) and were within the normal range in all of them. No patient
showed hypocomplementemia. In all cases of idiopathic TIN, immunos-
taining for IgG4 revealed no or only few IgG4-positive plasma cells in the
renal interstitium (data not shown).

Histological evaluation

Renal tissues were obtained by needle biopsy from all patients, except one
patient with vesicoureteral reflux. For routine light-microscopic studies,
renal biopsy specimens were fixed in formalin or alcohol-Bouin, embedded
in paraffin and stained with hematoxylin and eosin, periodic acid-Schiff,
periodic acid-methenamine silver (PAM) and Masson’s trichrome or Azan.
All tissue slides were anonymized and reviewed independently by nine
nephrologists (all experts in renal pathology and routinely involved in the
diagnosis of renal biopsy samples), who were blinded to the clinical and
serological data and the IgG4/non-IgG4 status of the patients.

The estimated items pertaining to histological features were decided
on the basis of previous pathological studies of IgG4-RD [5-8, 12-16]:

K. Yoshita et al.

(@) cell (inflammatory cell) infiltration extending into the renal capsule (absent,
present or not evaluable due to lack of a renal capsule in the specimens),
(ii) cell (inflammatory cell) infiltration into the renal medulla (absent,
present or not evaluable due to lack of a renal medulla in the specimens),
(iii) regional lesion distribution, well defined and excluding small patchy
lesions (absent or present), (iv) lymphoid follicles with germinal centers
(absent or present), (v) granulomatous lesions (absent or present), (vi)
necrotizing angiitis (absent or present), (vii) eosinophil infiltration (0, no;
1+, occasional and 2+, numerous), (viii) neutrophil infiltration (0, no; 1+,
occasional and 2+, numerous), (ix) tubulitis (0, no inflammatory cells in
tubules; 1, mild; 1-4 cells per tubule cross section; 2, moderate; 5-10 cells
per tubule cross section; 3, severe; >10 cells per tubule cross section, judged
from the highest number of all types of cells infiltrating each tubule in the
whole specimen), (x) peritubular capillaritis (0, no; 1, mild; 2, moderate;
3, severe; assigned a ‘ptc’ score of 0-3 in the Banff 07 classification [20]),
(xi) storiform fibrosis (absent or present), (xii) stage of interstitial fibrosis
(0, no fibrosis; 1, mild; scattered fibrosis; 2, moderate; degree of fibrosis less
predominant than that of cell infiltration; 3, severe; degree of fibrosis more
predominant than that of cell infiltration; 4; only fibrosis). In each specimen,
all stages and the main stage were described respectively.

‘Storiform fibrosis’ is a characteristic swirling pattern of fibrosclerosing
inflammation consisting of inflammatory cells and irregular fibrosis evi-
dent in Type 1 autoimmune pancreatitis [12]. In our earlier study, we
demonstrated a similar pattern of fibrosis in IgG4-related TIN and showed
that the irregular fibrosis surrounded nests of inflammatory cells in PAM-
stained preparations [8]. In the present study, we defined ‘storiform fib-
rosis in IgG4-related TIN” as a pattern of fibrosclerosing inflammation
consisting of both (i) dense collagen fibers, into which inflammatory cells
had infiltrated, exhibiting a swirling or arabesque pattern in the renal
interstitium and (ii) irregular fibers surrounding nests of inflammatory cells
in PAM-stained preparations. Representative photographs of storiform
fibrosis in IgG4-related TIN are shown in Figure 1. Reference photographs
of the stages of interstitial fibrosis (Stage 4 was not evident in any of the
cases examined) are shown in Figure 2. Storiform fibrosis was evaluable in
Stages 2 and 3. In our earlier study of IgG4-related TIN [8], obliterative
phlebitis was not evident although phlebitis was shown in some patients
(data not shown). Therefore, obliterative phlebitis was not investigated in
this study.

The modified nominal group technique developed by the RAND
Corporation [21] was applied to obtain consensus in the histopathological
interpretation of renal biopsy specimens among the nine nephrologists.
Briefly, each nephrologist recorded his/her assessments according to the
rating system for TIN described later. These ratings were collected centrally,
and the most frequent ratings were chosen as tentative interpretations. Then,
the nephrologists anonymously rated the tentative interpretations on a
9-point scale, in which 1 = extremely inappropriate, 5 = uncertain and
9 = extremely appropriate. After anonymous feedback of the distribution
of the ratings made by their colleagues and anonymous discussion via
electronic mail, a second round of ratings was undertaken confidentially
for all specimens regardless of the initial degree of agreement. To determine
the final degree of agreement and disagreement, a statistical definition using
a binomial distribution was applied. Consensus was considered to exist
when no more than two individuals rated a particular indication outside a
3-point range (i.e. 1-3, 4-6 and 7-9). Items for which the nine nephrologists
were unable to reach an agreement were discussed further in a group meet-
ing. Attempts were made to modify the wordings of the rating system, and
subsequently the third anonymous rating round was undertaken for these
particular items. If a consensus was still not attainable after the third round of
ratings, the item was described as ‘consensus failure’.

Statistical analysis

Statistical analyses were done using the Fisher’s exact probability test or
the Mann—Whitney’s U-test. A probability of P <0.05 was considered to
indicate statistical significance.

Results

Renal pathology

The histological features of the IgG4 and non-IgG4 groups
are summarized in Table 1. Consensus was successfully
attained among the nine nephrologists for all but one
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Light-microscopic characteristics of IgG4-related TIN

Fig. 1. Storiform fibrosis in IgG4-related TIN. A swirling or arabesque
pattern consisting inflammatory cells and collagen fibers, corresponding to
storiform fibrosis in Type 1 autoimmune pancreatitis, is evident (A and B).
In PAM stain, irregular fibers surround nests of inflammatory cells (C). (A)
Hematoxylin and eosin, (B) Elastica~-Masson trichrome, (C) PAM. All
images X200 in almost the same field .

pathological feature (a regional lesion distribution) in two
cases. The features that were evident only in the IgG4
group were storiform fibrosis and ‘cell infiltration extend-

3

ing into the renal capsule’. Storiform fibrosis was evident in
12/13 patients (92.3%) in the 1gG4 group but in none of the
non-IgG4 group (P < 0.0001) (Figure 3). Cell infiltration
extending into the renal capsule, although this feature was
not evaluable in many patients in the both groups, was
evident in two patients in the IgG4 group (Figure 4). Con-
versely, neutrophil infiltration, granulomatous lesions and
necrotizing angiitis were evident only in the non-IgG4
group [neutrophil infiltration = 12/21 (P = 0.0010), gran-
ulomatous lesions = 5/21 (P = 0.1317) and necrotizing
angiitis = 5/21 patients (P = 0.1317)]. The grades of tubu-
litis were significantly lower in the IgG4 group (in the IgG4
group, stage of tubulitis was 0 in 7.7%, 1 in 76.9%, 2 in
15.4% and 3 in 0%, whereas in the non-IgG4 group, it
was 0 in 0%, 1 in 33.3%, 2 in 47.6% and 3 in 19.0%,
P = 0.0026). Severe tubulitis was evident only in the non-
IgG4 group. Although the grades of peritubular capillaritis
were not significantly different between the two groups,
severe peritubular capillaritis was also evident only in the
non-IgG4 group. A regional lesion distribution was observed
more frequently in the IgG4 group (5/12 in the 1gG4 and 1/
20 in the non-IgG4, P = 0.0185); however, consensus in the
pathological interpretation was not attainable in two patients.
Cell infiltration into the renal medulla was observed in both
groups (5/6 in the IgG4 and 12/15 in the non-IgG4, P = not
significant). Eosinophil infiltration was evident in 30.8% of
the patients in the IgG4 group and 9.5% in the non-IgG4
group, but the difference was not significant. Lymphoid fol-
licles were evident in only one patient in the non-IgG4
group.

The results of interstitial fibrosis staging are summarized
in Table 2. The stages of fibrosis were mixed in most cases
in both groups. The 1gG4 group had significantly higher
stages of fibrosis than the non-IgG4 group (in the IgG4
group, main stage of fibrosis was mild in 15.4%, moderate
in 61.5% and severe in 23.1%, whereas in the non-IgG4
group, it was mild in 57.1%, moderate in 42.9% and severe
in 0%, P = 0.0054).

Discussion

Although the etiology of IgG4-RD has not been elucidated,
some common pathological characteristics of this disease
have been demonstrated. Dense lymphoplasmacytic infiltra-
tion with fibrosis and infiltration of numerous IgG4-positive
plasma cells are the most characteristic features [1-8, 12-16,
18, 19] and storiform fibrosis, eosinophil infiltration, lym-
phoid follicles, inflammation around the margins of affected
tissues, a regional lesion distribution and obliterative phle-
bitis have also been considered to be common features [5-8,
12-16, 22]. On the other hand, neutrophil infiltration and
inflammation of the duct epithelium in affected organs are
rare [7, 12, 13, 16]. In IgG4-related TIN, lymphoplasmacytic
infiltration with numerous IgG4-positive plasma cells and
fibrosis are also very important features [8]. Recently, Rais-
sian ef al. [18] revealed that the presence of plasma cell-rich
TIN with numerous IgG4-positive plasma cells has diag-
nostic utility, with a sensitivity of 100% and specificity of
92%, for IgG4-related TIN, excluding pauci-immune
necrotizing and crescentic glomerulonephritis. However,
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Fig. 2. The stages of interstitial fibrosis. Stage 0, no fibrosis (A and B); 1, mild; scattered fibrosis (C and D); 2, moderate; degree of fibrosis less
predominant than that of cell infiltration (E and F); 3, severe; degree of fibrosis more predominant than that of cell infiltration (G and H). (A, C, E and G):
Elastica~Masson trichrome, (B, D, F and H) PAM (X400). Each stage is from almost the same field in IgG4-related TIN.

lymphoplasmacytic infiltration is a non-specific finding in
TIN, and immunostaining is not performed routinely. Fur-
thermore, recent studies have revealed that numerous IgG4-
positive plasma cells can also be present in conditions not
associated with IgG4-RD [9-11]. Houghton et al. [9]
described that the presence of numerous IgG4-positive

plasma cells is essential to, but not sufficient for, the diag-
nosis of IgG4-related TIN. In addition, there is organ spe-
cificity in the pathological features of IgG4-RD [7]. For
example, storiform fibrosis is not evident in the lymph
nodes, minor salivary glands [7] or lung lesions [23]. It is
important to examine the pathological findings closely in
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Light-microscopic characteristics of IgG4-related TIN 5
Table 1. Histological features of IgG4-related and non-IgG4-related TIN®
1G4 (n = 13) Non-IgG4 (n = 21) P

Cell infiltration extending into the renal capsule 2/7 (NE 6) 0/7 (NE 14) 0.4615
Cell infiltrations into the renal medulla 5/6 (NE 7) 12/15 (NE 6) >0.9999
Regional lesion distribution 5/12 (CF 1) 1/20 (CF 1) 0.0185
Lymphoid follicles 0/13 (0%) 1721 (4.8%) >0.9999
Granulomatous lesions 0/13 (0%) 5/21 (23.8%) 0.1317
Necrotizing angiitis 0/13 (0%) 5/21 (23.8%) 0.1317
Storiform fibrosis 12/13 (92.3%) 0/21 (0%) <0.0001
Eosinophil infiltration

Grade 0 9/13 (69.2%) 19/21 (90.5%) 0.1084

Grade 1 3/13 (23.1%) 2/21 (9.5%)

Grade 2 1/13 (7.7%) 0/21 (0%)
Neutrophil infiltration

Grade 0 13/13 (100%) 9/21 (42.9%) 0.0010

Grade 1 0/13 (0%) 9/21 (42.9%)

Grade 2 0/13 (0%) 3/21 (14.3%)
Tubulitis

Grade 0 1/13 (7.7%) 0/21 (0%) 0.0026

Grade 1 10/13 (76.9%) 7/21 (33.3%)

Grade 2 2/13 (15.4%) 10/21 (47.6%)

Grade 3 0/13 (0%) 4/21 (19.0%)
Peritubular capillaritis

Grade 0 5/13 (38.5%) 5/21 (23.8%) 0.0649

Grade 1 5/13 (38.5%) 4/21 (19.0%)

Grade 2 3/13 (23.1%) 8/21 (38.1%)

Grade 3 0/13 (0%) 4/21 (19.0%)

“NE, not evaluable; CF, consensus failure; grade of eosinophil and neutrophil infiltration: Grade 0, no; 1+, occasional and 2+, numerous; grade of
tubulitis and peritubular capillaritis: Grade 0, no; 1, mild; 2, moderate and 3, severe.

Fig. 3. Interstitial fibrosis of IgG4-related TIN and non-IgG4-related TIN. Characteristic storiform fibrosis is evident in IgG4-related TIN (A) but not in

non-IgG4-related TIN (B) (PAM-Masson trichrome, X400).

each organ and elucidate points of similarities and differ-
ences. In this study, we have revealed some useful and
characteristic features for distinguishing IgG4-related from
non-IgG4-related TIN on the basis of light-microscopic ob-
servation using routine staining, with consensus among
diagnosticians. In particular, storiform fibrosis was revealed
to be quite characteristic and useful for diagnosis of 1gG4-
related TIN. Because renal biopsy is usually applied to non-
atrophic kidneys, dense interstitial fibrosis is noted relatively

rarely in specimens obtained by biopsy. Interestingly, how-
ever, most of the patients with IgG4-related TIN showed
high grades of fibrosis, even those with mild renal dysfunc-
tion, and the characteristic pattern was easy to recognize.
Cell infiltration extending into the renal capsule was
evident in two patients in the 1gG4 group. Because this
feature is ordinarily not evident in other types of TIN, it
might also be diagnostic of IgG4-related TIN. However,
this feature was not evaluable in many of the patients in
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Fig. 4. Cell infiltration extending into the renal capsule. Inflammatory cells are evident within the renal capsule (Masson’s trichrome, X100).

Table 2. Stages of interstitial fibrosis of [gG4 and non-IgG4-related TIN®

1gG4 (n = 13) Non-IgG4 (n =21) P

Mean s-Cr 2.55(0.9-6.17)  3.52 (0.96-14.4) 0.2719
(mg/dL) (range)
Main stage

1 2/13 (15.4%) 12/21 (57.1%) 0.0054

2 8/13 (61.5%) 9/21 (42.9%)

3 3/13 (23.1%) 0/21 (0%)
All stages

0+1 1/13 121

1 0/13 2/21

0+1+2 0/13 4/21

1+2 2/13° 5/21

0+1+2+3 213° 3/21

1+2+3 8/13° 6/21

?s-Cr, serum creatinine; Stage 0, no fibrosis; 1, mild fibrosis; 2, moderate
fibrosis and 3, severe fibrosis.
bStoriform fibrosis was evident.

both groups, because specimens obtained by renal biopsy
and subjected to light microscopy often lack the renal cap-
sule. Therefore, further study to confirm this will be neces-
sary. Neutrophil infiltration and severe tubulitis were not
evident in IgG4-related TIN. Neutrophil infiltration has been
described as rare in head and neck, hepatic and pancreato-
biliary and retroperitoneal lesions in IgG4-RD [7]. Also,
rarity of inflammation of the duct epithelium has been
demonstrated in Type 1 autoimmune pancreatitis and
IgG4-related sclerosing cholangitis [6, 12], suggesting these
features are common in IgG4-RD. A regional lesion distri-
bution was evident more frequently in the 1gG4 group, sug-
gesting that this may also be useful for the diagnosis of

IgG4-related TIN. However, pathological interpretation of
this feature was difficult in some patients, and a consensus
could not be reached in two patients. Lymphoid follicles
were evident in only one of all patients. Because specimens
obtained by needle renal biopsy are quite small, lymphoid
follicles with germinal centers might be difficult to discem.
Eosinophil infiltration was often evident in IgG4-related TIN
and so, IgG4-related TIN should be considered in the differ-
ential diagnosis of TIN with eosinophils. But there was no
significant inter-group difference in this respect. Because eo-
sinophil infiltration has also been reported as a common fea-
ture of non-IgG4-related TIN [24], it should be considered as
not being diagnostic but rather a supportive feature of 1gG4-
related TIN. Granulomatous lesions and necrotizing angiitis,
which are sometimes observed in sarcoidosis or ANCA-
related vasculitis, were not evident in 1gG4-related TIN, sug-
gesting that they are useful features for distinguishing between
these diseases, although granulomas have rarely been
observed in extra-renal organs associated with IgG4-RD [7].

Except for the items examined in this light-microscopic
study using routine staining, immune complex deposits in
the renal tubule basement membranes by immunofluores-
cence, immunohistochemistry and/or electron microscopy
have been shown to be a characteristic feature of IgG4-
related TIN [18, 25]. On the basis of these pathological
features, nephrologists might be able to recognize IgG4-
related TIN in specimens obtained by renal biopsy using
routine methods, even when no data for IgG subclass are
available.

In this study, each item was examined closely by nine
diagnosticians in a blinded manner, and a modified nominal
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group technique was used to elucidate whether consensus
can be obtained among diagnosticians in the interpretation
of pathological features. For this purpose, the study em-
ployed a relatively small cohort size, and addition of
TIN cases proven to have non-IgG4 status as controls
was unfortunately impossible. However, including more
non-related TIN cases would make the P-values more sig-
nificant for certain features (granulomatous lesion or ne-
crotizing angiitis). Further studies employing a larger
cohort size and including all types of TIN as a control will
be necessary to clarify the positive and negative predictive
values of each item for diagnosis of IgG4 TIN.

In conclusion, the present study identifies some useful
and characteristic features for distinguishing IgG4-related
TIN from non-IgG4-related TIN in specimens examined by
light microscopy. However, the significance of these patho-
logical findings and the etiology of IgG4-RD remain poorly
understood. Further studies will be necessary to elucidate
the underlying mechanisms.
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Abstract

Objectives This study aimed to investigate the clinico-
pathological changes induced by corticosteroid therapy in
immunoglobulin (Ig)G4-related tubulointerstitial nephritis
(TIN). :
Methods We studied six IgG4-related TIN patients
receiving renal biopsies before and after corticosteroid
therapy. Their clinical data and histological findings were
evaluated before and after therapy.
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Results FElevated serum creatinine levels rapidly improved
after corticosteroid therapy except for two patients, in whom
it persisted. Abnormal radiological findings improved in
all patients, although focal cortical atrophy persisted in
three. Histologically, TIN-like dense lymphoplasmacytic
infiltration, interstitial fibrosis, IgG4-positive plasma cell,
CD4+4-CD25+ T cell, and Foxp3+ cell infiltration were
characteristic before therapy. After therapy, the area with
cell infiltration decreased and regional fibrosis became evi-
dent in the renal interstitium. The number of IgG4-positive
plasma cells and Foxp3+- cells significantly diminished even
in the early stage of therapy, whereas low to moderate
numbers of CD4+ and CD8+4 T cells still infiltrated where
inflammation persisted in the later stage.

Conclusions Our study shows that persistent renal insuf-
ficiency associated with macroscopic atrophy and micro-
scopic fibrosis is not so rare in IgG4-related TIN.
Pathologically, the behavior of regulatory T cells during
the clinical course is quite similar to that of IgG4-positive
plasma cells, and the behavior pattern of those cells is
distinctive.

Keywords IgG4-related disease - Tubulointerstitial
nephritis - IgG4-positive plasma cell - Regulatory T cell -
Corticosteroid therapy

Introduction

Immunoglobulin (Ig)G4-related disease (IgG4-RD) is a
recently recognized systemic inflammatory disease with
multiorgan involvement [1-5], including the kidney. Since
2004, accumulated case reports and case series have defined
the radiographic and histopathological characteristic find-
ings of IgG4-related kidney disease [6-20]. Two large
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