
Abstract. Background/Aim: Chronic inflammation in end-
stage kidney is associated with the development of pre-
neoplastic lesions and renal cell tumors. The aim of this study
was to clarify the role of the inflammatory microenvironment
in this process. Materials and Methods: We used representative
microscopic slides from 11 end stage-kidneys containing pre-
neoplastic lesions and tumors and applied immunohisto-
chemistry to detect IL-6, SAA1 and LBP expression. We also
applied array-based comparative genomic hybridization
(CGH) analysis to detect genomic changes in tumor cells.
Results: We identified strong expression of IL6, LBP and SAA1
in activated stromal fibroblasts, in proliferating epithelial and
tumor cells. Array CGH detected unusual genomic changes in
tumor cells. Conclusion: Our data indicate that expression of
IL6, acute phase protein SAA1 and LBP maintain a long-
lasting inflammatory microenvironment that leads to
remodeling of end-stage kidneys and the development of unique
types of renal cell tumors. 

Chronic renal disease is characterized by gradually decreasing
kidney function, which terminates in so-called end-stage renal
disease (ESRD), and in acquired cystic renal disease
(ACRD). ESRD kidneys display tubular atrophy, interstitial
inflammation and fibrosis, as well as severe arterial, arteriolar
and glomerular sclerosis, which results, either directly or
indirectly, due to loss of functional and structural integrity
(1). Despite of atrophic, scarred structures, ESRD/ACRD
kidneys show a remarkable proliferative activity, especially

in cells lining dilated tubules or small microscopic cysts.
Remodelling of kidney structures is frequently accompanied
by pre-neoplastic lesions and renal cell tumors (RCT) of
unusual phenotype and genotype (2, 3). 

The underlying molecular mechanism of structural changes
and tumorigenesis in ESRD/ACRD kidney is not well known.
The role of the microenvironment has been proposed to
replace specific genomic alterations occurring in kidney
cancers (4). Increased levels of hepatocyte growth factor
(HGF) and its receptor c-met (MET), as well as ischemia,
expression of hypoxia-inducible protein 2 (HIG-2) and
hypoxia-inducible factor-1α (HIF-1α) have all been
implicated in the remodeling processes of the kidney (5, 6).
Recently, a global gene expression analysis revealed a unique
expression signature containing a group of cytokines and
chemokines, including IL6, and indicated the important role
of the inflammatory microenvironment in ESRD/ACRD
kidneys (7). 

The aim of this study was to analyze the expression of the
pro-inflammatory protein IL-6, as well as those of the acute
phase proteins LBP and SAA1, using immunohistochemistry
in ESRD/ACRD kidneys. We also characterized ESRD/ACRD
associated tumors by array- based comparative genomic
hybridization (CGH). 

Materials and Methods 
Tissue samples. Entire kidneys from 11 ESRD/ACRD cases were
processed in several hundreds of paraffin blocks for histological
analysis. The hematoxylin and eosin (H&E) stained slides were
scored for: i) cysts, ii) small precursor lesions and iii) tumors. The
diagnosis of tumors was established according to the Heidelberg
Classification and Tickoo et al. (4, 8). Tissue multi array (TMA) was
constructed from paraffin embedded ESRD/ACRD-associated tumors
after marking the areas of interest on H&E stained slides. Core
biopsies of 0.6 mm in diameter were placed in a recipient block by
Manual Tissue Arrayer (MTA1, Beecher Instruments, Inc. USA). 

Fresh tumor and kidney tissue samples from end stage kidneys
were snap-frozen in liquid nitrogen immediately following
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nephrectomy and were stored at –80˚C. The remaining tissue was
fixed in 4% buffered formaldehyde for histological report. The
collection and use of all tissue samples for this study was approved
by the Ethics Committee of the University of Heidelberg and
University of Pecs, Hungary.

Immunohistochemistry. Paraffin blocks of normal and ESRD/ARCD
kidneys as well as TMA containing tumors were used for
immunohistochemistry. Following dewaxing and rehydration of the
slides, antigen de-masking was performed in 10 mM sodium citrate
buffer, pH 6.0 or TE buffer, pH 9.0 in 2100-Retriever (Pick-Cell
Laboratories, Amsterdam, Netherlands). Endogenous peroxidase
activity and unspecific binding sites were blocked using 0.3%
hydrogen peroxide containing 1% normal horse serum for 
10 minutes at room temperature. Slides were incubated overnight
with an anti-IL-6 polyclonal rabbit antibody (PA1-26811, Thermo
Fisher, Budapest, Hungary) at 1:400 dilution, with an anti-LBP
polyclonal rabbit antibody (HPA 001508, Atlas Antibodies,
Stockholm, Sweden) at 1:250 dilution and with an anti-SAA1
monoclonal mouse antibody (ab655, Abcam, Cambridge, UK) at
1:100 dilution. HRP conjugated ready to use rabbit anti-mouse
secondary antibody (HISTOLSMR, Histopathology Ltd, Pecs,
Hungary) was applied for 30 min at room temperature. The signal
was visualized using AEC (Amino-ethyl-carbazol) (DAKO,
Glostrup, Denmark) and DAB (3,3’-Diaminobenzidin) substrate
(DAKO). Tissue sections were counterstained with Mayer's
haematoxylin (Lillie’s modification, DAKO) for 10 sec, and they
were finally mounted using Glycergel Mounting Medium (DAKO)
or PERTEX (medite Ltd. Burgdorf, Germany). In the negative
controls the primary antibody was omitted.

Array CGH. The high molecular genomic DNA was hybridized to
a 44k CGH microarray platform (Agilent Technologies), according
to the procedure by the manufacturer (version 5.0). Scanning and
image analysis were carried out on a DNA Microarray Scanner
(Agilent) according to the user’s guide (version 2.0 or 5.0). The
Agilent Scanner Control software (version 7.0) was used for the 
5 µm scan resolution with 100% PMT for both channels. Feature
Extraction Software (version 9.5) was used for data extraction from
the raw microarray image files using grid template AMADID
014950. To visualise, detect, and analyse chromosomal patterns
within the microarray profiles, CGH Analytics Software (Agilent
Technologies) was used. Global ADM 2 algorithm with a threshold
6.0 and an aberration filter defaulted for a minimum of 3 probes per
region was applied in the analysis. A copy number gain was defined

as a log2 ratio >0.3 and a copy number loss was defined as a log2
ratio <–0. 3.

Results
Histology of ESRD/ACRD kidney and tumor. Five kidneys
were classified as ESRD whereas six cases with intensive
cystic changes were classified as ACRD. Five tumors were
diagnosed as papillary renal cell tumors (pRCT) and another
6 as conventional renal cell carcinomas (cRCC). We also
found one oncocytoma, two ACRD-associated eosinophylic-
vacuolated tumors, two chromophobe-like tumors, and one
clear cell papillary RCC. Altogether, 65 small papillary, 42
chromophobe-like and 24 eosinophilic vacuolated pre-
cancerous lesions were detected in the 11 kidneys collected
from the nephrectomies (13).

Expression of IL6 in ESRD/ACRD kidneys and tumors.
Diffuse IL6 expression was seen in stromal fibroblasts and
in some proliferating epithelial cells (Figure 1A). There was
a positive  immunostaining in dilated tubules showing
papillary growth within the lumen. Scattered staining was
detected in small atrophic as well as in dilated tubules lined
with flat or cuboidal epithelial cells. IL6 positivity was seen
in all conventional RCCs (Figure 1B) and in some of the
chromophobe-like precursor lesions and tumors. ACRD-
associated eosinophil vacuolated tumors displayed only
scattered positivity with IL6, whereas the clear cell papillary
tumor displayed IL6 positivity only in the stromal cells.

Expression of acute phase proteins LBP and SAA1. The LBP
protein was highly expressed in the fibrotic stroma of
ESRD/ARCD kidneys, whereas the SAA1 expression was
less intensive in stromal areas (Figures 1C and D). Several
tubules contained SAA1-positive fluid, which corresponds to
elevated serum levels of IL6 due to acute phase response of
the liver. Both LBP and SAA1 were also expressed in tumor
cells (Figures 1E and F). Especially, chromophobe-like
carcinomas and conventional RCCs displayed a moderate to
strong LBP staining. 
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Table I. Pertinent clinical-pathological data of tumors analyzed by array-CGH.

Case           Age/             Renal                 Size of                  Size of            Tumor                                                       Genetic 
                 Gender          disease                 kidney                    tumor           diagnosis                                                     changes

1.                 71/F             ACRD           12×6.5×5 cm              4.0 cm                RO                                                            None
2.                61/M             ESRD             6.5×3×3 cm               3.0 cm              cRCC               -1,-3p,-4p,+5q,-6,-8p,-9,-10,-13q,-14,-15,-17,-18,+20,-21
3.                43/M             ACRD              9×5×4 cm                3.0 cm              cRCC                                                        -3p,-14
4.                71/M             ESRD           6.5×3.5×2 cm             2.8 cm              cRCC                                                           -3p
5.                 61/F             ACRD             10×6×4 cm               3.8 cm              cRCC                                            -3p,+5,+7,-8p,-10q,-X
6.                33/M             ACRD             10×5×4 cm               3.5 cm              pRCT                                                         +3,+X

+: Gain of chromosome; –: loss of chromosome; RO: renal oncocytoma; cRCC: conventional RCC; pRCT: papillary RCT.



Genomic alterations in ESRD/ACRD tumors. High molecular
weight DNA was available from six tumors (Table I). High
resolution array CGH failed to detect any DNA changes in a
renal oncocytoma (Tumor 1), which displayed an unusual
histological pattern (Figure 2A and D). In four cRCCs a
chromosome 3p loss was identified as expected. Tumor 2
showed an intensive inflammatory and sarcoid-like reaction
(Figure 2B). However, considering the small size of Tumor
2, an unusual high number of additional genetic changes was
detected (Figure 2E). Although Tumor 6 displayed a typical
histology of a papillary RCT known in the general population
(Figure 2C), CGH analysis revealed gain in chromosomes 3
and X (Figure 2F) instead of chromosome 7 and 17 trisomy,
which is an unusual finding for papillary RCTs.

Discussion

We herein described the expression of IL6, LBP and SAA1
in stromal fibroblasts, some proliferating epithelial cells in
end stage kidneys, consistent with the presence of a pro-
tumorigenic inflammatory microenvironment. Stronger
expression correlated with the severity of structural
remodelling and the increased amounts of fibroblasts in the

scarred stroma. Moreover, the pre-neoplastic lesions and
tumors appeared positive for the pro-inflammatory genes.
Two of the six tumors displayed unusual histology, while one
presented an unusual genetic abnormality, normally not
found in such tumor types in the general population. Our
observation strongly suggests an association between
chronic, long-lasting inflammatory microenvironment in
ESRD/ACRD and the development of morphologically and
genetically distinct tumors. 

ESRD/ACRD is the final stage of distinct types of kidney
disease. The toxic effect as well as the reduced oxygen and
nutrient delivery result in damaging the proximal tubules,
which cannot easily convert from oxidative to glycolytic
metabolism. Any type of damage to proximal tubular cells
results in local production of pro-inflammatory chemokines
and cytokines, including IL6, leading to an irreversible and
progressive interstitial injury and loss of renal function (9). 

The expression of various pro-inflammatory cytokines
plays a crucial role in the remodeling of the extracellular
matrix. Normal kidney fibroblasts can inhibit cancer
development via direct cell-cell interaction by maintaining
the normal tissue architecture (10). Active recruitment of
inflammatory cells and progressive changes of stromal cells
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Figure 1. Expression of IL6, LBP and SAA1 in ESRD/ACRD and tumors. (A) Strong IL6 expression in stromal fibroblasts (black arrow) and
proliferation epithelial cells (open arrow), in eosinophilic vacuolated tumor (B) (open arrow). (C) Cytoplasmic immunoreaction of IL6 in a
conventional RCC. (D) LBP expression in stromal fibroblasts and (D). (E) expression of SAA1 in stromal cells and (F) in some of the conventional
RCC cells (Tumor 2). Scale bar: 25 μm.



can promote the development of cancer. The switch of
normal stromal fibroblasts during long-lasting inflammation
into activated fibroblasts, similar to the cancer-associated
fibroblasts (CAFs), is one other important step supporting
the development of cancer (11). The CAF-like fibroblasts
producing IL6 in the stroma of end stage kidneys are largely
responsible for the changes in the extracellular matrix, which
supports tumorigenesis in that state. In addition to its other
biological functions, IL6 can upregulate cytokeratin (12). It
was shown recently that tubular cells in ESRD/ACRD

kidneys shift their normal keratin profile from KRT8 and
KRT18 to KRT7 and KRT19, allowing the cells to be more
plastic (13).

During the acute phase reaction of the initial kidney
disease IL-6 is released from macrophages and monocytes
and may enhance LBP and SAA1 synthesis by stromal cells.
As shown in this study, the stromal CAF-like fibroblasts
release a large amount of IL-6 and induce LBP and SAA1
expression in the stroma. LBP catalyzes a signal via a CD14-
enhanced mechanism to a receptor complex including TLR-
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Figure 2. Histology and genomic alterations of three tumors associated with ESRD/ACRD. (A) shows unusual histological pattern of an oncocytoma
(Tumor 1). (D) no DNA changes has been detected by high resolution array CGH. (B) shows a conventional RCC (Tumor 2) with intensive immune
cell infiltration (arrows). (E) in spite of the its small size this tumor displayed excessive genomic alterations. (C) shows a papillary RCT with
tubulary and papillary growth patterns (Tumor 6,) and (F) trisomy in chromosomes 3 and X. Scale bar: 25 μm.



4, leading to the release of pro-inflammatory cytokines, such
as IL-6, which in turn enhance LBP synthesis (14). The acute
phase protein SAA1 also plays a role in the chemotactic
recruitment of inflammatory cells to the site of
inflammation and can activate the TLR4-dependent
signalling. TLR4 can also recognize endogenous ligands,
such as heat shock proteins, extracellular matrix
components, including fibronectin and heparin sulphate, in
response to tissue injury (15). Stimulation of TLR4 by the
LBP-CD14 complex promotes via MyD88 invasion
through NF-kB-dependent up regulation of matrix
metalloproteinase-2 and beta-integrin (16).

One of the common mediators of carcinogenesis also
includes an imbalance in the oxidative stress caused by
inflammation (17). IL6 induces reactive oxygen and nitrogen
species (RONS) causing mitochondrial and genomic DNA
damage that may lead to tumor development (18). The
higher frequency (83%) of VHL gene mutation in ESRD-
associated conventional RCCs compared to those genetic
alterations observed in RCCs in the general population
(55%), also suggests a role for the hypoxemic-inflammatory
cascade in tumorigenesis. RONS are also involved in the
regulation of signaling pathways, including the activation of
the hypoxia-inducible factor-1 (HIF1). Concerning the
hypoxemic stage in ESRD/ACRD kidneys, high expression
of hypoxia-inducible genes HIG2, HIF1A and NFkB
triggering the expression of pro- and inflammatory proteins
has been documented (6). 

In agreement with previous findings, our work here recalls
Virchow’s observation that cancers occur preferentially at
sites of chronic inflammation (19). The specific
inflammatory microenvironment, the increased epithelial cell
plasticity and high proliferation rate may be responsible for
the structural changes and high frequency of tumor
development. The increased production of free radicals
causing genomic DNA alterations may additionally
contribute to tumor development. There are several cancers
whose development is linked to long-lasting inflammation,
such as viral hepatitis and hepatocellular carcinoma,
Helicobacter pylori infection and gastric cancer and
Schistosomiasis and squamous cell bladder cancer (20). Our
data also add ESRD/ARCD and associated tumors to this
list, connecting them to chronic inflammation. 
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