Clin Kidney J (2014) 7: 269-274
doi: 10.1093/ckj/sfu024
Advance Access publication 23 March 2014

CKJ

Distinct cytokine mRNA expression pattern in immunoglobulin
G4-related kidney disease associated with renal cell carcinoma
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Abstract

We treated a 61-year-old man with immunoglobulin (Ig)G4-related kidney disease (IgG4-RKD). He
had a history of allergic diseases and an allergic reaction and had received a diagnosis of auto-
immune pancreatitis (AIP). He had also received a diagnosis of renal cell carcinoma (RCC) and had
undergone segmental resection of the left kidney at 59 years of age. His serum amylase level and
number of peripheral eosinophils increased after RCC development. We hypothesized that the RCC
may have induced AIP and IgG4-RKD and we therefore examined the excised RCC tissue; typical
findings of IgG4-RKD associated with RCC were recognized. We next evaluated the mRNA expres-
sion of cytokines in the excised tissues of this case and ten other ordinary RCC cases. In all cases,
notable levels of IL-10 mRNA and high levels of TGF-B mRNA were seen. Although prominent differ-
ences were not observed in the mRNA expression of Th1, Th17 and Treg cytokines in all cases, the
present case alone showed increased production of the Th2 cytokines IL-4 and IL-5, which were
not detected in ordinary RCC cases. Although the mechanism underlying IgG4-RKD development
has not yet been determined, Th2 and Treg cells are thought to play a prominent role in the patho-
genesis. It is therefore likely that in this case, the association of these two diseases was not coinci-

dental, and a distinct immune response against RCC may trigger IgG4-RKD development.
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Background

Recently, immunoglobulin (Ig)G4-related diseases (IgG4-
RDs) have been recognized as multi-organ disorders
clinically characterized by high serum IgG4 concentration
and diffuse lymphoplasmacytic infiltration with marked
interstitial fibrosis [1]. The most common feature of
renal involvement in IgG4-RD is tubulointerstitial nephritis
with abundant IgG4-positive plasma cells, but glomerular
lesions such as membranous glomerulonephritis have
also been described [2-5]. Therefore, kidney lesions
associated with IgG4-RD are referred to as IgG4-related
kidney disease (IgG4-RKD) and include radiologically
identified renal lesions in the setting of other forms of
organ involvement confirmed histopathologically [3, 6].
Although recent studies have shown that IgG4-RD primar-
ily affects middle-aged-to-elderly men, a few studies have
reported concomitant malignant neoplasms. Herein, we
describe a case of renal cell carcinoma (RCC) accompanied
by IgG4-related disease. The role of IgG4 in disease patho-
genesis remains unclear. Therefore, we tried to character-
ize the peculiar immunological response in this unusually
complicated case in comparison with ordinary RCC and
also to determine the mechanism underlying 1gG4-RKD
pathogenesis.

Case report

A 61-year-old man was admitted to our hospital with pro-
teinuria and renal dysfunction. In 2006, he received the
diagnosis of mucosa-associated lymphoid tissue (MALT)
lymphoma of the stomach on the basis of biopsy results
obtained at the age of 55. The patient did not have Helico-
bacter pylori infection. Urine occult blood and an abnor-
mal serum creatinine level were detected at that time.
In November 2009, when the patient was 58 years old,
abdominal computed tomography (CT) showed a nodular
mass (diameter, 2 cm) in the left kidney; this finding was
confirmed by magnetic resonance imaging. He received
the diagnosis of RCC, and segmental resection of the left
kidney was performed in April 2010. The postoperative
pathologic finding was T1la NO MO. In June 2012, when
the patient was 61 years old, a high serum amylase level
and pancreatic enlargement were detected, and auto-
immune pancreatitis (AIP) was diagnosed. However, he
did not receive any treatment for AIP. The patient had
some allergic history, including bronchial asthma, pollino-
sis and contrast media allergy. In September 2012, a
physical examination on admission showed hypertension
(164/89 mmHg) and swelling of the left submandibular
lymph node. There was no abnormality in the lungs, heart,
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abdomen or central nervous system. Although cardiome-
galy was not seen on the chest radiograph, left ventricular
hypertrophy was recognized on ECG. The laboratory find-
ings showed an increased erythrocyte sedimentation rate
(34 mm/h), and the C-reactive protein level was 0.49 mg/dL.
The hemoglobin concentration was 17.3 g/dL, the white
blood cell count was 4000/mm?* (neutrophils, 62%; lym-
phocytes, 20.5%; monocytes, 5.0%; eosinophils, 10.0%
and basophils, 2.5%) and the platelet count was
16.7 x 10%/mm?°. Proteinuria and hematuria were also de-
tected. The amount of urine protein was 0.5 g/dL. The
number of RBCs in the urine sediment was 5-10/HPF. The
results of the serum chemistry analyses were as follows:
serum creatinine level, 1.32 mg/dL (normal range, 0.4-1.2
mg/dL); blood urea nitrogen level, 25 mg/dL; total serum
protein level, 7.1 g/dL (normal range, 6.5-8.2 g/dL) and
serum albumin level, 3.4 g/dL (normal range, 3.7-5.2 g/dL).
Serum transaminase, amylase and lactate dehydrogenase
levels were within normal limits. The immunological tests
were positive for antinuclear antibody at a titer of 40 dil,
and the immunofluorescence patterns were speckled and
homogeneous. Anti-double-stranded DNA antibodies,
rheumatoid factor, anti-Sjogren’s syndrome A (anti-SS-A)
antibodies and anti-SS-B antibodies were all absent. The
serum IgG level (1876 mg/dL) was abnormally high, and
the IgG4 level was 628 mg/dL, but the IgA and IgM levels
were within normal limits (230 and 40 mg/dL, respect-
ively); the serum IgE level was elevated (2045 U/mL).
Serum protein electrophoresis showed polyclonal hyper-
gammaglobulinemia. The serum levels of C3 and C4 and
total serum hemolytic activity (CH50) were 89 mg/dL
(normal range, 86-160 mg/dL), 24 mg/dL (normal range,
17-45 mg/dL) and 58 U/mL (normal range, 25-48 U/mL),
respectively. Negative results were obtained for myeloper-
oxidase-antineutrophil cytoplasmic antibody and protein-
ase-3 antineutrophil cytoplasmic antibody. Recurrence of
lymphoma in the stomach was excluded by endoscopic
examination. Abdominal CT showed hyperplasia of the
aortic wall and pancreatic diffuse enlargement, but tumor
formation in the kidneys was not seen. Positron emission
tomography showed abnormal accumulation in the left
submandibular lymph node, pancreas, aortic wall and
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right kidney. These laboratory data and the history of
AIP suggested IgG4-RKD development, and echo-guided
percutaneous kidney biopsy was performed on the 7th
hospital day to determine the cause of renal dysfunction.
The biopsy specimen showed severe fibrous intimal
thickening in the interlobular arteries, in addition to glo-
merulosclerosis and tubulointerstitial fibrosis. These find-
ings were compatible with hypertensive renal sclerosis.
Lymphoplasmacytic and eosinophilic infiltration was
observed in the interstitium. Immunostaining indicated
diffuse infiltration of IgG4-positive plasma cells, with an
IgG4-positive/IgG-positive plasma cell ratio of 44.2%.
There was evidence of a storiform pattern and fibrosclero-
tic lesions with a bird’s-eye-like appearance. Regarding
the clinical course, a high serum amylase level and in-
creased eosinophil count in the peripheral blood were
noted following RCC development (Figure. 1). We therefore
hypothesized that RCC may have induced AIP and IgGé4-
RKD development.

Materials and methods

In addition to the present case, ten other ordinary RCC
cases were evaluated. This study was performed in
accordance with the Declaration of Helsinki and was
approved by the ethics committee of Fukuoka University.
Written informed consent was obtained from the
patients.

Histopathological and immunohistopathological studies
of extracted RCC tissues

Paraffin sections (4 um) were stained with H&E, periodic
acid Schiff stain or periodic acid-methenamine silver. For
immunohistochemical staining, kidneys were snap-frozen
in optimal cutting temperature compound (Sakura Finetek
Japan Co. Ltd, Tokyo, Japan). The sections were immunos-
tained using mouse monoclonal antibodies against
human IgG4 (Zymed Laboratory, San Francisco, CA, USA,
or The Binding Site, Birmingham, UK), anti-CD38 antibody

AIP IgG4RKD

g6 2148 1962 1986 2212 722
IgG4 706 618 813 123
IgE 2344 710

2009 2010

2011 2012

Fig. 1. Clinical course and laboratory findings in the present case. After the patient developed RCC, he received a diagnosis of AIP and IgG4-RKD. The
serum amylase level and number of peripheral eosinophils increased after RCC development. RCC, renal cell carcinoma; AIP, autoimmune pancreatitis;
1gG4-RKD, 1gG4-related kidney disease; Eo, eosinophilic leukocyte; Cr, creatinine; PSL, prednisolone.
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(Dako, Glostrup, Denmark) and anti-Foxp3 antibody
(Abcam, Cambridge, UK).

Real-time quantitative PCR and TagMan primers and probes

Total RNA was prepared from the area surrounding the
RCC using an RNeasy Mini Kit (QIAGEN, Valencia, CA, USA),
and quantitative cDNA amplification was performed ac-
cording to the manufacturer’s instructions. All samples
were stored at —80°C before use. The cytokines examined
were IFN-y, IL-12p35, IL-4, IL-5, IL-10, TGF-B1, IL-17A and
IL-6. Foxp3 is a transcription factor specific for CD4+CD25
+Foxp3+ Tregs, and the mRNA level for Foxp3 was also
evaluated. To provide a meaningful comparison among
different samples, we calculated the amount of PCR pro-
ducts relative to the amount of B-actin in each sample.
Cytokine levels were measured using TagMan PCR and an
ABI Prism 7700 sequence detection system (PerkinElmer
Japan Co. Ltd, Tokyo, Japan), according to the manufac-
turer’s instructions (Applied Biosystems Japan Ltd, Tokyo,
Japan). Oligonucleotide primers and probes were de-
signed using the Primer Express program (Applied Biosys-
tems Japan Ltd). The primer and probe sequences were as
follows: IFN-y, Mm99999071_m1; IL-12, MmO00434165_
m1; IL-4, MmO00445260_m1; IL-5, Mm00439646_m1; IL-6,
Mm99999064_m1; IL-17, Mm00439619_m1; IL-10,
MmO00439616_m1; TGF-B, Mm00441726_m1 and Foxp3,
MmO00475157_g1.

Results

Histopathological findings for the RCC tissue

Tubular atrophy associated with RCC was observed at low
magnification (Masson’s trichrome stain) (Figure 2A).
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Figure 2B shows a schematic diagram of Figure 2A. Severe
fibrosis with a storiform pattern was present (Figure 2C),
and eosinophilic infiltration in the tubulointerstitium was
also recognized in the tissue obtained from the patient.
These findings were specific to this particular patient; no
other ordinary RCC samples showed similar features.
Immunostaining showed IgG4-positive plasma cell infil-
tration with 41.6% IgG4-positive plasma cells among
CD38-positive plasma cells (Figure 2D). These results indi-
cate that typical IgG4-RKD was associated with RCC. Im-
munostaining for Foxp3 showed that numerous Tregs had
invaded the tissue from the present patient. However, this
finding was not only observed in the present case; similar
results were also found in ordinary RCC tissues (Figure 3).

Comparison of cytokine mRNA expression patterns
between the present case and ordinary RCC cases

Th1 and Th17 cytokine mRNA levels in the present case
were not different from those in ordinary RCC samples.
With regard to Treg cytokines, TGF-B was highly expressed
in the present case, but the levels were not different from
those of ordinary RCC samples. IL-10 and Foxp3 mRNA
levels were also similar to those of ordinary RCC samples.
In contrast, IL-4 and IL-5 production was observed in the
present case but not in ordinary RCC samples (Figure 4).

Discussion

We observed tumefactive lesions, a dense lymphoplasma-
cytic infiltrate rich in IgG4-positive plasma cells and stori-
form fibrosis around the RCC in the present case. Although
it remains unclear whether the serum IgG4 level was high
at the time of RCC resection, typical findings for IgG-RKD

Fig. 2. Histopathological findings for the RCC tissue. (A) A low-magnification view showing tubular atrophy associated with RCC (Masson’s trichrome
stain). (B) Schematic diagram of A. (C) Storiform interstitial fibrosis and a chronic inflammatory infiltrate were present (periodic acid-silver methenamin-
HE stain, 20x). (D) Immunohistochemistry. Left side, CD38-positive plasma cells; right side, IgG4-positive cells.
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Fig. 3. Immunohistochemistry for Foxp3 in the present case and in ordinary RCC tissue. (A and B) Foxp3 in the present case. (C and D) Foxp3 in ordinary
RCC tissues. (A and C) 40x. (B and D) 20x. Foxp3*Treg cells are present in the surroundings of RCC in most cases and are thus not particularly associated

with IgG4-RKD.
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Fig. 4. Comparison of cytokine mRNA expression patterns between the present case (white bars) and ordinary RCC cases (black bars). Bars show the
median and quartile deviation values for relative B-actin mRNA levels in ten ordinary RCC cases. We calculated the amount of the PCR products relative to

the amount of B-actin PCR products in each sample.

were observed in association with RCC. To the best of our
knowledge, no previous case report has described 1gG4-
RKD accompanied by RCC, although some studies have re-
ported a malignant neoplasm concomitant with IgG4-RD.
Two case reports of IgG4-related lung disease with lung
cancer have been published [7, 8], and several case

reports of AIP associated with pancreatic cancer have
been published [9-14]. These reports suggested that pan-
creatic cancer may develop in AIP patients, that K-ras
mutations may be frequently occur in AIP patients and
that AIP may be a risk factor for gastric and colonic
cancers [15]. There have also been a few reports of
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IgG4-RD associated with MALT lymphoma or other B-cell
lymphoma [16, 17]. In fact, the present patient also re-
ceived a diagnosis of gastric MALT lymphoma prior to RCC
development. Although the biopsied gastric tissue speci-
men was immunohistochemically examined, diffuse lym-
phoplasmacytic infiltration and IgG4-producing plasma
cells were not recognized (data not shown).

We evaluated the immune response against ordinary
RCCs and compared it with that in the present case to
clarify the distinct mechanism for IgG4-RKD development.
Immunohistological analysis demonstrated that Foxp3*
Treg cells were present in the vicinity of RCC in most cases
and were thus not particularly associated with IgG4-RKD
(Figure 4). mRNA expression of Treg cytokines also in-
creased (Figure 4), which suggests that Treg cells infil-
trated and produced the immunosuppressive cytokine
IL-10 around the RCC to inhibit antitumor immunity at the
tumor site. This phenomenon has been observed in a
murine pancreatic cancer model, which suggests that the
tumor actively promotes the accrual of Treg cells through
several mechanisms involving the activation of naturally
occurring Treg cells and conversion of non-T cells into T
cells [18, 19]. Analysis of tumor-draining LNs demon-
strated that both antitumor effector T cells and Foxp3*
Treg cells are primed in the same LNs during tumor
progression. These tumor antigen-specific Treg cells pos-
sessed the same functional properties as Treg cells that
arise naturally in the thymus [20, 21]. Similarly, a larger
study concluded that the prevalence of CD4'CD25" Treg
cells is increased not only in the tumor microenvironment
of patients with invasive breast or pancreatic cancer but
also in the peripheral blood, suggesting that the increase
in Treg cells is a generalized phenomenon [21].

It is notable that mRNA expression of Th2 cytokines
(IL-4 and IL-5) was detected in the present case but not in
ordinary RCCs (Figure 4). This finding may indicate that
the antitumor immunity produced by the Th2 response in
the present case was particularly dominant compared
with that in the ordinary RCC cases. It has been demon-
strated that Th2 and Treg cell responses play a central role
in the pathogenesis of IgG4-RKD [22] and in AIPC [23] and
Mikulicz disease [24]; therefore, immune responses by Th2
and Treg cells may be a common feature among IgG4-
RDs, and an imbalance of Th2 cells providing antitumor
immunity and Treg cells suppressing antitumor immunity
may be responsible for the pathogenesis of 1gG4-RKD.
Treg cells are activated by excessive immune responses to
prevent a Th2-type immune response in allergic disease
[25, 26]. Treg cells produce regulatory cytokines, including
IL-10 and TGF-B. IL-10 directs B cells to switch from IgE to
IgG4 production. Therefore, IgG4 behaves as a suppressive
antibody in allergic diseases [27, 28]. This Th2 response,
which suppresses the allergic Th2 response, has been
called a ‘modified Th2 response’ [29]. These mechanisms
support the hypothesis that in the current case, the IgG4-
RKD may have developed under an imbalance between
the antitumor Th2 immune response against RCC and the
immunosuppressive response by Treg cells.

Tregs can be broadly classified into two major types:
endogenous T cells (naturally occurring regulatory T cells,
nTregs) and inducible T cells with low autologous recog-
nition (inducible regulatory T cells, iTregs), which differen-
tiate from naive CD4-positive T cells. Endogenous Tregs
are produced in the thymus, along with autoreactive T
cells. When inducible Tregs are antigen-stimulated in the
presence of TGF-B, their differentiation from naive T cells in
the peripheral blood is induced. Both of these cell types
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are involved in the mechanism of immune tolerance.
Tregs are present around cancer cells, suggesting that
cancer cells may induce the formation of Tregs.

IgG4-RKD may be associated with allergic manifes-
tations and may be driven by enhanced Th2 responses.
Recent studies from the Stone laboratory suggest that the
Th2 responses that have been reported in IgG4-RKD may
result from concomitant atopic manifestations in disease
subjects [30, 31]. Because cytokine expression at disease
onset was not examined in detail in this case, pathogenic
involvement remains unclear.

We experienced a rare case of IgG4-RKD associated
with RCC. Analysis of cytokine mRNA production
suggested that the association of these two diseases may
not be coincidental and that a distinct immune response
against RCC may trigger IgG4-RKD development. IgG4-
RDs have been described only recently; therefore, further
accumulation of such cases is necessary to elucidate the
mechanism underlying IgG4-RD development.
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