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TABLE 2. CLINICAL PROFILES OF GD PATIENTS WHO HAD ELEVATED SERUM IGG4 LEVELS

Patient 1 2 3 4 5 6 7
Age (years) 54 52 49 68 51 53 56
Sex F F F M F F F
Proptosis R17,L15 None R17,L18 R17, L20 None None None
Diplopia None None None Present None None None
NOSPECS 3a 2b 3a 4b 2a 2b 1
CAS 1 2 0 2 0 0 0
Orbital MRI ND Muscle, fat ND Mauscle, fat ND ND ND
TSH (mIU/L) <0.003 3.053 0.614 0.007 <0.003 4.397 1.601
fT3 (pg/mL) 15.48 2.87 2.52 3.51 >30 2.87 3.19
fT4 (ng/dL) 2.94 0.81 1.11 1.24 4.97 1.35 0.97
TRAb (IU/L) 19.8 37 1183 1.4 13.3 1.6 17.5
TSAb (%) ND 3024 86 214 614 280 ND
TgAb (IU/mL) 169.6 <10 >4000 <10 1393 >4000 5335
TPOADb (IU/mL) 7.7 <5 >600 334 43.5 >600 >600
I1gG4 (mg/dL) 136 142 153 159 179 190 266
IgG (mg/dL) 910 1324 2012 1395 1954 1369 1254
1eG4/12G (%) 14.9 10.7 7.6. 114 9.2 13.9 21.2
Thyroid size in US (mm?) ND 3154 1495 ND 815 416 1689.1
Hypoechogenicity on US 1 1 3 ND 2 2 1
Requirement of ATD MMI 5mg/day MMI 5mg/day None (became MMI 2.5mg/day PTU 50mg/day None (became hypothyroid MMI 5 mg/day +

doses to control hypothyroid and and supplemented with L-T4 25 pg/day

hyperthyroidism after supplemented with L-T4 100 pg/day)

normalization L-T4 25 pg/day)

of thyroid function tests

NOSPECS and CAS are the severity and activity classifications of Graves’ ophthalmopathy respectively. Exophthalmoses in the right and left eyes measured with the Hertel exophthalmometer are
represented as (R, mm) and (L, mm) respectively. In the orbital MRI, the presence of extraocular muscles enlargement and the increase of orbital fat are indicated.
ATD, antithyroid drugs; MMI, thiamazole; ND, not determined; PTU, propylthiouracil.



IGG4 AND GRAVES’ DISEASE

The mean age of the elevated IgG4 group was significantly
higher than that of the nonelevated IgG4 group: 54.7+6.2
years (range 49-68) versus 43.4+15.4 years (range 13-79)
respectively (p=0.026). The number of patients with GO
(CAS =1) who had a family history of AITD or who were
smokers was not significantly different between the two
groups (Table 1). Serum TSH, T3, fT4, TRAb, TgAb, and
TPOAD levels did not significantly differ between the ele-
vated and nonelevated IgG4 groups (Table 1). Ultrasound
examinations revealed that the elevated IgG4 group had
significantly more hypoechogenic areas in the thyroid com-
pared to the nonelevated IgG4 group (low echo scoring:
1.66£0.81 (range 1-3) vs. 0.61£0.89 (range 0-3)) respec-
tively (p=0.005). No significant differences were observed
in thyroid size or increase of color Doppler flow between
the two groups. We also analyzed the patients based on
the IgG4/IgG ratio (ratio =8%). The elevated IgG4/IgG
ratio group had significantly increased hypoechogenic areas
in the thyroid in comparison to the nonelevated IgG4 group
(p=0.031), although the ages of the elevated IgG4/1gG ratio
group were not significantly higher than those of the none-
levated IgG4/IgG ratio.

Clinical features of patients with elevated IgG4

The clinical characteristics of the seven GD patients with
elevated IgG4 are summarized in Table 2. Of these, six pa-
tients had an IgG4/1gG ratio of =8%, and five had GO (pa-
tients 1, 2, 3, 4, and 6). Patient 4 had diplopia; patients 1, 3,
and 4 had mild proptosis (17-20 mm); patients 2 and 4 had
swollen extraocular muscles and increased orbital fat; patient
6 showed palpebral swelling. TRAD levels were elevated in
all seven cases. In patient 3, who spontaneously became
hypothyroid in the follow-up of Graves’ hyperthyroid pa-
tients treated with a maintenance dose (5-15 mg) of methi-
mazole for more than 10 years, TRAb levels were rapidly and
remarkably increased in spite of negative TSAD activity,
suggesting the presence of blocking-type TRAb. None-
theless, this patient showed persistent thyroid enlargement
with broad hypoechoic areas in both lobes (Fig. 1). The
TRAD activity of patient 6 was initially 35.1% as determined
by a 1st generation TRAb assay (normal value <10%) when

FIG. 1.

An ultrasonographic image of patient 3. Note that
hypoechoic areas are seen throughout both lobes of the
thyroid gland.
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she was thyrotoxic (fT4 4.2ng/dL). TgAb and/or TPOAb
levels were elevated in most cases except for patient 2. In the
elevated IgG4 group, patients were treated with a small dose
of ATD (patients 1, 2, 4, and 5), MMI and combined L-T4
(patient 7), or L-T4 alone (patients 3 and 6) one year after
ATD treatment (Table 2). None of the patients had pretibial
myxedema.

Correlation between serum 1gG4 and IgG levels
and ratios and other clinical parameters

The TSAbD titer correlated significantly with both serum
IgG4 levels (r;=0.385, p=0.012, n=42) and 1gG4/1gG ratios
(rs=0.346, p=0.027, n=41). In addition, in patients with
untreated hyperthyroidism (n=42), TSAD titers also signifi-
cantly correlated with both serum IgG4 levels (r,=0.519,
p=0.039, n=16) and 1gG4/IgG ratios (r,=0.568, p=0.022,
n=16). The TPOAD titer correlated significantly with serum
IgG levels (r,=0.2495, p=0.037, n="70), but not with [gG4
levels or IgG4/1gG ratios. No significant correlation of serum
IgG4, I1gG levels, and the ratios of IgG4/IgG were observed
with age, ultrasound findings (thyroid size, low echogenicity,
Doppler flow), thyroid hormone levels (fT3, fT4), or TgAb
titer. IgG4 levels or IgG4/1gG ratios were not correlated with
IgG levels either.

Comparisons of clinical profiles between patients
with intractable and tractable GD

Since patients with elevated serum IgG4 appeared to be re-
sponsive to ATD or prone to be hypothyroid, patients with GD
were divided into two subgroups: group 1 (intractable patients,
n=39) and group 2 (tractable patients, n=18). Although not
significant, serum IgG4 (70.5+75.1 mg/dL (range 4-266)) and
the ratio of IgG4/IgG (5.8 +6.1 mg/dL (range 0.4-21.2)) in
group 2 tended to be slightly higher than those in group 1 (IgG4
levels 47.2%£29.6mg/dL (range 3-132); IgG4/IgG ratios
3.7£2.4(0.3-11.5)). In contrast, serum IgG levels were almost
identical within the two groups (group 1 1284.6+237.8 (782—
1735); group 2 1219.6£308.9 (774-2928)).

We also classified patients by CAS: patients with CAS=0
(n=80), patients with CAS=1or 2 (n=17), and patients with
CAS 23 (n=12). Serum IgG4, IgG levels, and the ratio of
IgG4/IgG were not significantly different between the three
groups. We also examined orbital magnetic resonance im-
aging (MRI) scans and NOSPECS in patients with GD, but
no clear associations between serum IgG4 levels with find-
ings of orbital MRI or NOSPECS (9) were observed (data not
shown).

Next, correlations between serum IgG4, IgG levels, or
ratios of IgG4/IgG and other clinical parameters were sepa-
rately examined in two groups. No obvious correlations were
observed in group 1. In group 2, low echoic scores were
significantly positively correlated with serum IgG levels
(rs=0.851, p=0.001, n=12) but not IgG4. TPOAD titer
was significantly correlated with both serum IgG4 levels
(rs=0.576, p=0.031, n=14) and IgG levels (r,=0.637,
p=0.019, n=13), but not with 1gG4/1gG ratios.

Discussion

In the current study, a novel subgroup of patients with GD
and elevated serum IgG4 level was identified (6.4% of overall
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GD patients; Table 1). Yamamoto et al. reported that in
healthy controls (n=21), the average serum IgG4 level was
43131 mg/dL and the ratio of IgG4/IgG was 2.9+ 1.8% (12).
On the basis of these values, in this report, patients with GD
demonstrated a higher serum IgG4 level and IgG4/1gG ratios
than healthy controls. Moreover, 6.4% of patients had ele-
vated serum IgG4 levels (=135 mg/dL), which meets the
comprehensive diagnostic criteria of IgG4-RD.

The elevated IgG4 group did not demonstrate any male
predominance (Table 1). This finding is neither consistent
with previous reports on IgG4 thyroidits (3), nor with those
on IgG4-RD (2). The average age of patients in the elevated
I1gG4 group was significantly higher than that in the none-
levated IgG4 group, which is similar to that observed in
1gG4-RD (2). In contrast, IgG4 thyroiditis is associated with a
younger age (3), although the prevalence of HT increases
with age (13). Since serum IgG4 levels do not increase with
age (14) and ages were not found to be correlated with 1gG4
levels, unknown factors other than aging may contribute to
the elevation in IgG4 levels.

TgAb elevation is associated not only with IgG4 thy-
roiditis (3), but also with IgG4-related thyroiditis (6). In the
present study, serum TgAb levels tended to be higher, albeit
not significantly, in the elevated IgG4 group than in the
nonelevated IgG4 group (Table 1). Given that 1gG4 is a
dominant subtype of TgAb in patients with GD (15-17),
TgAb may be at least partly a source of IgG4 in patients 1, 3,
and 5-7 with TgAb elevation (Table 2). The presence of
TPOAD is also associated with GD. In fact, a significant
positive correlation between TPOAb and IgG4 or IgG levels
in tractable patients.

The TSH receptor (TSH-R) is a crucial antigen for GD
(13). Weetman et al. reported that the IgG subclass in TRAb
is restricted to IgG1 (18). In contrast, Latrofa ef al. reported
that TRAb were affinity enriched on recombinant TSHR
antigen before IgG subclass analysis (19). Of three sera
samples processed, one contained IgG1 only, one IgG1+
IgG4, and one only IgG4. Since they studied sera selected
for very high TRAD levels, this finding suggests that long-
term antigen stimulation may increase TRAb concentra-
tions and eventually lead to subclass switching from IgG1
to IgG4. M22, a stimulating monoclonal anti-TSH-R anti-
body (TRAD), is found to be IgGl (20). Although IgG
subclasses in TRAb were not investigated in our study, a
positive correlation between IgG4 or the ratio of IgG4/IgG
and TSAb was observed in overall patients with GD. Pa-
tient 2 showed strong TSAb activity in spite of negative
TgAb or TPOAD, suggesting that TSAD is at least partly
present in the IgG4 fraction. Patient 3, who rapidly changed
to hypothyroidism and possessed persistent thyroid en-
largement (Fig. 1), is quite similar to recent cases reported
independently by Nishihara ef al. and Kawashima et al.
(21,22). Thus, both in stimulating and blocking TRAbs,
IgG4-positive plasma cells may be involved in the patho-
genesis of GD.

The exchange of IgG half-molecules among 1gG4 results
in bispecific characteristics (23). Notably, McLachlan et al.
showed that in patients with GO and elevated TRAb, an
IgG4 shift toward TgAb was observed (24). We speculate
that 1gG4 could have a bispecific nature and consist of
TgAb and TRAb. Considering that the levels of TgAb and
TPOADb, as well as TRAD, are elevated in GD (13), these
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autoantibodies may be related to bispecific IgG4 molecules.
Another biological relevance of this exchange of half-
molecules in IgG4 is that it generates antibodies that inhibit
formation of large immune complexes and immune in-
flammation by IgGs of other subclasses (23). For example,
Guo et al. reported that the IgG1 but not the IgG4 sub-
fraction of TPOAD is associated with antibody-dependent
cytotoxicity (25).

In the present study, ultrasound examination revealed that
the elevated IgG4 group had significantly more hypoechoic
areas than the nonelevated 1gG4 group (Table 1), as simi-
larly observed in IgG4 thyroiditis (3). Moreover, low echo
scoring was positively correlated with serum IgG4 levels.
Since hypoechoic areas reflect lymphocyte infiltration and
fibrosis in the thyroid gland (10), this area may be related to
lymphoplasmacytes that produce IgG4 in the thyroid. In the
elevated IgG4 group, disease was controlled with low doses
of ATD or treatment with ATD and/or L-T4 one year fol-
lowing the first visit (Table 2). In cases of HT, the degree of
hypoechoic areas correlated with the prevalence of hypo-
thyroidism, resulting from fibrosis (26). Thus, the clinical
course of patients with IgG4 elevation may be related to
fibrosis on the basis of ultrasonographic findings, which
resemble the alterations found in HT. In this context, the
relationship between IgG4 and Hashitoxicosis (27,28),
which has concurrent features of GD and HT, should be
studied in the future.

There are several limitations of our study. First, there was a
lack of pathologic studies performed in the patients. Second,
the patients showed an absence of manifestations of other
organs in IgG4-RD. Third, the number of patients with ele-
vated IgG4 is rather small. For this reason, there is some
concern for either a type I error (false positive) or a type II
error (false negative). Finally, information on alterations in
serum IgG4 levels during treatment and clinical course was
not collected. As a future study, longitudinal follow-up
studies to examine pathophysiological relations and thera-
peutic outcomes are warranted.

In conclusion, the current study proposes a novel subgroup
of patients with GD who show elevated serum IgG4 levels. In
comparison to the majority of patients with GD, these pa-
tients were older, had more hypoechoic areas, and may be
responsive to ATD or prone to be hypothyroid after ATD
treatment. IgG4-RD generally shows positive response to
steroid therapy. In patients with GD and elevated serum IgG4
levels, steroid therapy should be considered to avoid adverse
effects of ATD, radioiodine treatment, or surgical interven-
tion. Thus, measurement of serum IgG4 levels may help to
distinguish this new entity and may offer diagnostic and
potential therapeutic options for GD. Further investigations
on the relationship between GD and IgG4-RD using a
larger patient population and longer observation times are
warranted.
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Keywords: . Summary Nephropathy associated with IgG4-related disease is characterized by tubulointerstitial nephritis. To
IgG4-related disease; . n . .. .
i e better identify its pathology, the present study analyzed clinicopathologic features of IgG4-related
‘Tubulointerstitial . . P .. ) . - ’
enhititie: tubulointerstitial nephritis cases from across Japan. Sixteen cases were identified as IgG4-related nephropathy
DERATINS using the criterion of high serum IgG4 levels (>135 mg/dL) with abnormal kidney computed tomography or
* Tubulointerstitial I, . o
nston i elevated serum creatinine levels. Male predominance (75%) and advanced age (average, 62.0 years) were noted.

Eight cases displayed no autoimmune pancreatitis. Renal computed tomography abnormalities were found in
12 of 13 cases examined. Renal dysfunction was found in 15 of 16 cases at biopsy. Distinctive features of
tubulointerstitial lesions included (1) well-demarcated borders between involved and uninvolved areas; (2)
involvement of the cortex and medulla, often extending beyond the renal capsule and with occasional extension
to retroperitoneal fibrosis; (3) interstitial inflammatory cells comprising predominantly plasma cells and
lymphocytes, with a high prevalence of IgG4-positive cells often admixed with fibrosis; (4) peculiar features of
interstitial fibrosis resembling a “bird’s-eye” pattern comprising fibrosis among inter—plasma cell spaces; and
(5) deposits visible by light and immunofluorescent microscopy in the tubular basement membrane, Bowman
capsule, and interstitium that are restricted to the involved portion, sparing normal parts. Ultrastructural analysis
revealed the presence of myofibroblasts with intracellular/pericellular collagen accompanied by plasma cell
accumulation from an early stage. Histology could not discriminate between IgG4-related tubulointerstitial
nephritis with and without autoimmune pancreatitis. In conclusion, the distinctive histologic features of IgG4-
related tubulointerstitial nephritis can facilitate the differential diagnosis of tubulointerstitial nephritis, even
without autoimmune pancreatitis or an abnormal computed tomography suggesting a renal tumor.
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1. Introduction

IgG4-related disease is a systemic disease associated
with high serum IgG4 levels that was first identified in
Japan and is now emerging worldwide [1-4]. IgG4-related
disease encompasses various uncommon clinical manifes-
tations, including autoimmune pancreatitis (AIP), Mikulicz
disease, and Kiittner disease, despite a relatively common
background pathology: interstitial fibrosis/sclerosis and
lymphoplasmacytic infiltration [4-9]. IgG4-related disease
is associated with high IgG4 serum levels in approxi-
mately 70% to 80% of cases. The kidney is an organ
particularly affected by IgG4-related disease, and chronic
renal failure occasionally develops [10-14]. In practice,
IgG4-related nephropathy is occasionally found by
abnormal computed tomography (CT), revealing a tumor
that is sometimes treated by performing an unnecessary
nephrectomy [15].

Among several forms of IgG-related disease in the
kidney (I1gG4-related nephropathy), previous reports have
documented that tubulointerstitial nephritis (TIN) is
common and may determine a prognosis [10-12,16-22].
IgG4-related TIN is often accompanied by AIP; however,
several cases without AIP have also been reported
[6,14,16,18].

Generally, the histology of TIN is fairly nonspecific; thus,
the diagnosis of IgG4-related TIN, particularly in cases
without AIP, is problematic. Because steroid therapy has
been found to be effective in AIP [1,4,23,24], a proper
diagnosis of IgG4-related TIN is very important so that steps
can be taken to halt disease progression.

Several case reports have described the histologic
features of IgG4-related TIN. Most were single or a few
cases associated with AIP and were subjected to renal
biopsy, revealing various features ranging from mild
interstitial inflammation to diffuse tubulointerstitial fibro-
sis [10-14,17-22]. Some reports have demonstrated 1gG4
immunostaining, but most did not refer to the relation-
ship between the presence of IgG4-positive cells and
disease progression because of the small number of cases
and the inconsistent severity of the interstitial injury. In
particular, whether the different pathologic profiles noted
in previous reports are based on different stages of the
same disease or are histologic variants has not been
determined. Recently, Saeki et al [25] documented
clinicopathologic characteristics of IgG4-related TIN.
Although its pathology was briefly summarized in their
publication, detailed morphological considerations, in-
cluding histologic staging and features of progression,
were not well discussed.

The present study analyzed 16 cases of IgG4-related
TIN from across Japan (including 4 cases [cases 5, 8§,
1l,and 13] that appeared in the report of Saeki et al)
to better define the clinical and pathologic characteris-
tics of this condition, facilitate its diagnosis, and
discuss its pathogenesis.

2. Subjects and methods

2.1. Subjects

The study group collected 16 cases from across Japan. The
diagnostic criterion for lgG4-related nephropathy was the
presence of either AIP with renal dysfunction or elevated serum
IgG4 levels (>135 mg/dL) without AIP. The diagnosis of AIP
was made according to Asian criteria, as previously reported
[26]. Patients with clinically suspected Castleman disease or
with high titers of anti—double-stranded DNA, anti-Sm, or anti-
Sjogren syndrome A were not included. Renal dysfunction was
defined by more than 1.1 mg/dL of serum creatinine. Among the
16 cases, 4 (cases 5, 8, 11, 13) had appeared in the recent report
by Saeki et al [25]; the remaining 12 cases were newly enrolled
and had not been published. The study was approved by the
ethical committees of Kanazawa University.

2.2. Histopathology

Renal biopsy samples were processed by standard
techniques for light microscopy (LM), immunostaining,
and electron microscopy (EM). Immunostaining was per-
formed either with immunofluorescence (IF, 5 cases with
frozen sections) or with peroxidase-antiperoxidase methods
(11 cases with paraffin sections) using polyclonal antibodies
against 1gG, IgA, IgM, C3, Clq, and x and A light chains
(Dako, Kyoto, Japan). EM was performed in 10 cases, using
standard techniques.

2.3. Immunohistochemistry for IgG subclass staining

IgG subclass staining was performed in all cases by a
standard method using an avidin-biotin immunoperoxidase
technique with antigen retrieval by microwave. The
primary antibodies were mouse monoclonals against
each IgG subclass (IgGl, 1gG2, I1gG3, and IgG4)
(Zymed Laboratories Inc, San Francisco, CA), applied
at a 1:100 dilution.

2.4, Statistics

All data are presented as absolute numbers or means + SE.
Statistical differences between groups were evaluated using
Student unpaired ¢ test. P < .05 was deemed to indicate
statistical significance.

3. Results

3.1. Clinical features

- All cases consisted of Japanese patients, most of whom
were men (75%) and older than 50 years (average, 62.0 years;
Table 1). Renal dysfunction was found in 15 cases (94%), and
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Table1 Clinical data e L L
Case Age Sex: Kidney CT IgG (mg/dL), - IgG4 (mg/dL), - Low C3 SCr Proteinuria  Salivary ~ Others
; . . normal value - normal value {(mg/dL) = (g/d) . gland G
G ~ (800-1600 mg/dL) = (48-105 mg/dL) oo swelling
With AIP ; L , :
1 45 M. = Attenuation 2947 - 2120 o+ 1.9 - 015 “+ DM
2 59 M  Attenuation 3570 , 602 ks 1.2 04 + S ’
3 60 F - Swelling 1706 B 142 NE 1.05 14NS) = ~Lung tumor
4 67 .M NE 6328 781 NE 3.56 1.1 T M-protein
5 69 M . NE 4110 1340 C* 2.2 0.55 -
6 72 M - Nodular 3019 - : 936 _NE. 0.84 = -
7 75 M . Swelling . 1569 . 3000 A+ oL e o :
8 78 M Attenuation 3935 - 185 = 6.17 138 = HD.
: ~ 3398 1510 801+ 671 23418 072405 L

Without AIP : ~ S S S o ;

9 .49 °F Swelling 3143 1520 = 2.7 0.93 i
10 .54 F NE ‘ 2864 905 - T 1.38 0.21 =
11 54 M  Attenuation 5040 1780 = 18 049 *

1256 M Swelling 3639 : 2110 e 220 = = ; :
1358 F  Nodular 2850 1470 ' ey 115 = = Liver tumor .
14 64 M _ Normal 4292 260 S 14 067 = '
15° 64 M - Nodular = 5510 - 980 NE 13 Ll ~ ;
16 68 M - Nodular 4027 1510 - + 2.29 0.65 £ Hydronephrosis

3920 + 991 1311.£579 1.84+0.6 0.65+0.6

Abbreviations: NE, not examined; SCr, serum creatinine; DM, diabetes mellitus; HD, hemodyalisis; NS, nephrotic syndrome.
NOTE. IgG4 levels in 3 cases among AIP group were not examined at biopsy because of poststeroid therapy for AIP.

proteinuria (>400 mg/d) was found in 10, including 1 case
with nephrotic syndrome, as identified by the presence of
membranous glomerulonephritis. Abnormal kidney CT,
including swelling and a nodular or an irregular pattern,
was found in 12 (92%) of 13 cases examined (Fig. 1).
Extrarenal comorbidities were composed of AIP (8 cases),
diabetes mellitus (2 cases), and hydronephrosis caused by
peritoneal fibrosis (1 case). Salivary gland abnormalities were
found in 7 cases, with swelling (4 cases) or accumulation on

Fig. 1
multiple nodular lesions with frequent effacement in the bilateral
kidneys. Note that the enhanced area includes both the cortex and
medulla. Retroperitoneal fibrosis is also present.

Representative enhanced CT scan in case 6 reveals

gallium scintigraphy without noticeable swelling (1 case).
CT-detected pseudotumors were found in 2 cases, in the lung
and the liver, respectively. The liver biopsy showed
accumulation of 1gG4-positive plasma cells in the tumor.
Serum IgG and IgG4 levels were measured in all cases,
revealing high serum IgG levels (mean, 3659.3 mg/dL) and high
serum IgG4 levels (mean, 1162.9 mg/dL). A serum hypo-C3
level was found in 6 of 12 cases examined. When we stratified
the cases into 2 groups, with and without AIP, no statistical
difference in IgG, IgG4, serum creatinine level, or proteinuria
between the 2 groups was noted, as shown in Table 1.

3.2. Pathologic findings

Morphological findings are summarized in Table 2 (LM,
16 cases), Table 3 (EM, 10 cases), and Table 4 (immuno-
histochemistry, 16 cases).

3.2.1. Tubulointerstitium

The most distinctive and common histology observed in
all samples by LM was interstitial inflammatory cell
infiltration and fibrosis (Fig. 2A), with the 2 often admixed
as various features. The margins of such interstitial lesions
were relatively well defined (Fig. 2B). Although generally
unusual for TIN, interstitial fibrosis in this disease involved
the deep renal medulla (Fig. 2C). In addition, fibrosis
extended to the capsule and perirenal areas in 6 cases,
occasionally spreading into and effacing the retroperitoneal
fibrosis (Fig. 2D). In the areas of interstitial fibrosis,
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Fig. 2 Representative light microscopic findings of renal biopsy. (A), Marked tubular attenuation with diffuse interstitial infiltration and
fibrosis (PAS staining). This is the most common histologic feature noted in our series. (B), Focal tubulointerstitial involvement in the cortex
and medulla showing clear demarcation (dashed line) between involved and uninvolved areas (PAS). (C), Extension of fibrosis into the deep
medulla. Note tubular attenuation and focal inflammatory cell accumulation on a background of connective tissue deposition (Massons
trichrome stain). (D), Subcapsular and perirenal involvement (upper) in a case with retroperitoneal fibrosis. Occasional lymph follicular
features in the extrarenal fibrosis are associated (PAS). Original magnification: A, x20; B, x10; C, x20; D, x20.
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