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NF-B signal transduction is a potential therapeutic
target in many malignant tumors. We have recently
shown, in malignant renal proximal tumor cells, that
a transcription complex, consisting of NF-B p65 and
mitogen-activated protein kinase p38␣, joined by protein kinase C (PKC) ␣, transmigrates into the nucleus.
There, PKC␣ suppresses the nuclear release of primary microRNA (pri-miRNA) 15a. Induced by endothelin (ET)-1, a decrease in PKC␣ levels leads to increased miRNA 15a (miR-15A) expression. An
identical system can be identified in renal carcinomas, in which, after nuclear transmigration, PKC␣
binds directly to pri-miRNA 15a in the nucleus. However, the pattern of PKC isoforms differs between
malignant renal cell carcinoma (RCC) and benign oncocytoma. PKC␣, a component of the transcription
complex in tumors, is up-regulated in benign oncocytoma but down-regulated in RCC. Conversely,
miRNA 15a is up-regulated in RCC and down-regulated in oncocytoma. A similar behavior is observed
in chromophobe carcinoma, whereas differences are
less pronounced in papillary RCC (type I): NF-B target gene expression (ie, ET-1, ET-A and ET-B receptors, vascular cell adhesion molecule-1, IL-6, and fractalkine) is particularly high in malignant RCCs. Upregulated miRNA 15a can be measured in urine from
patients with RCC but is nearly undetectable in oncocytoma, other tumors, and urinary tract inflammation.
Thus, the up-regulation of miRNA 15a may be an important marker to help identify malignant clear-cell RCCs
in both biopsy and urine samples. (Am J Pathol 2012,
180:1787–1797; DOI: 10.1016/j.ajpath.2012.01.014)

MicroRNAs (miRNAs) are short, noncoding RNAs that
can play important roles in cell function and development
by targeting mRNA sequences of protein-coding transcripts, resulting in either mRNA cleavage or repression
of productive translation.1– 4 Several hundred miRNAs
have been discovered in mammals5,6 and in the human
genome through computational and cloning approaches.7
Calin et al8 reported that human miRNA genes are frequently located in fragile sites and genomic regions involved in cancer. In this context, Cohen et al9 found that
the ␣ isoform of protein kinase C (PKC) is able to downregulate miRNA 15a (miR-15a) in head and neck squamous cell carcinoma, identifying this miRNA as a potential inhibitor of DNA synthesis and PKC␣ as a key
regulator of tumor cell growth in squamous cell carcinoma. In addition, miRNA 15a has been described as a
tumor suppressor, promoting apoptosis and inhibiting
cell proliferation10 (eg, in multiple myeloma11 and prostate cancer).12 Thus, it seems that modulation of miRNA
activity in human cancer could be a new approach for
cancer gene therapy.13 A role for miRNAs in renal cell
carcinomas (RCCs) has not been proposed.
Endothelin (ET)-1, first described as a vasoconstrictor
peptide,14 has been a potent mitogen for normal human
renal tubular epithelial cells15 and renal interstitial fibroblasts.16 ET-1 binds via two independent receptors, A and
B; the former mediates cell proliferation and vasoconstriction, and the latter presumably mediates vasodilatation, natriuresis, and ET clearance.17–19 In normal human kidneys,
ET-1 and ET receptors have been demonstrated in human
proximal tubule cells.20 ET-1–mediated signal transduction
has been linked to the induction of an inflammatory signal
transduction cascade via the pleiotropic NF-B family of
dimeric transcription factors. Recently, we have shown that
mitogen-activated protein kinase (MAPK) p38 associates
with NF-B p65 after ET-1 stimulation to form a transcription
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complex (TC) in the cytoplasm.21 Nuclear translocation induces expression of a variety of genes containing an NF-B
binding site in their promoter.
MAPK p38 participates in a signaling cascade controlling cellular responses to cytokines and stress. Four isoforms of p38 have been identified: p38␣ (MAPK14), p38␤
(MAPK11), p38␥ (MAPK12 or extracellular signal–regulated kinase 6), and p38␦ (MAPK13 or stress-activated
protein kinase 4).22 Although an interaction between p38
and NF-B has been described earlier for IL-6 regulation,21,23 we recently showed that p38␣ forms a TC with
NF-B p65 already in the cytoplasm, migrating as a complex into the nucleus, where it regulates the expression of
genes with NF-B target sites, such as vascular cell adhesion molecule-1, IL-6, and fractalkine.20
PKC has been identified as an important signaling
pathway in a wide variety of cell types.24 –26 This serinethreonine kinase has been associated with signal transduction pathways, resulting in cell differentiation and division, contraction, and secretion.24,25 At present, 13
members of the PKC family of protein kinases have been
identified on the basis of structural similarities. The individual members of this family have been classified into
three groups: the classical PKCs (␣, ␤I, ␤II, and ␥), the
novel PKCs, and the atypical PKCs (aPKCs).26 The C1
region of the classical PKCs contains two cysteine-rich,
zinc-finger motifs separated by 8 to 15 residues. These
two zinc finger–like motifs are thought to synergistically
provide for the ability to bind to and to be activated by
diacylglycerol.24 Our research group has determined
that, at 24 hours after ET-1 induction, an ET-1 receptor–
independent signaling occurs via diacylglycerol, resulting in a second peak of gene expression20 in different
tumor and normal cell lines. In humans, the same PKC
isoforms were detected in normal kidneys as in RCC cell
lines (Engers et al27: PKCs ␣, , , , and í) and were
missing PKC␦. In the study by Engers et al, expression of
PKC␣ and PKC was associated with highly invasive
potential. In human RCCs, Brenner et al28 confirmed the
importance of PKC, whereas PKC␣ was decreased in
tumor versus normal tissue.
RCC is the most common neoplasm affecting the adult
human kidney and the third most common urologic malignancy (after bladder and prostate carcinoma), representing 2% to 3% of all malignancies worldwide. RCCs
are a heterogeneous group of malignancies. The major
subtypes are clear-cell, papillary, and chromophobe
(CP) RCCs.29 Of these RCCs, the clear-cell subtype represents approximately 70% to 80% of patients’ renal carcinoma, whereas papillary RCC is reported only in 10% to
15% of patients. CP RCC, constituting 5% to 10% of
carcinoma, is the least common and has morphological
features overlapping with oncocytoma, a benign neoplasm.30 The distinction between these two tumors is
clinically important, because CP RCC, although considered to have a better prognosis than clear-cell RCC,30 is
malignant and can be potentially aggressive. Differences
in the behavior have been related, in part, to ET-1, which
reportedly promotes cell survival in RCC through an ET-A
receptor31 in different renal tumor cell lines. Major differences in endothelial axis expression have been reported

between clear-cell and papillary subtypes,32 where papillary RCCs have significantly less ET-A receptor, preproendothelin, and endothelin-converting enzyme. As
another important signaling pathway in RCC, p38 has
played a role in cell proliferation and apoptosis.1,33
We recently proposed that a signaling loop exists linking miRNA 15a, PKC␣, MAPK p38, NF-B p65, and ET-1
together, resulting in regulation of NF-B–mediated gene
expression.34 We suggested that, in resting cells, a TC of
NF-B and MAPK p38 is joined by PKC␣, where, after
nuclear transmigration, PKC␣ suppresses the release of
pri-miRNA 15a by direct molecular interaction. If the cell
is stimulated by ET-1, the amount of PKC␣ decreases,
allowing the generation of mature miRNA 15a. This signaling could be found in different tumor cell lines, among
them Caki-1, a cell line established from RCC.
Thus, we investigated whether the same signaling loop
is present in different renal cell tumor types (malignant
clear cell, CP, and papillary versus benign oncocytoma),
whether classical target genes of NF-B are activated
and whether the ET-1 system and its receptors are involved, because RCCs are known for ET-1 expression.
We found that miRNA 15a levels from paraffin-embedded
tissue samples and, most important, from urine samples
are inversely related in malignant versus benign renal
tumors. This finding represents a potential new marker for
clear-cell RCC versus oncocytoma differentiation in biopsy samples and preoperatively in urine of patients with
renal cancer.

Materials and Methods
Renal Tumors and Urinary Samples
Formalin-fixed and paraffinized human renal tissue samples from the archives of the Department of Pathology,
University Hospital of Koeln, Koeln, Germany, were used.
Histological evaluation was based on analyses by two
staff pathologists (H.P.D. and J.W.U.F.) independently
using H&E-stained paraffin sections. A total of 23 renal
tumors were used [renal clear-cell carcinoma (n ⫽ 7), CP
renal carcinoma (n ⫽ 5), renal papillary cell carcinoma
(n ⫽ 6), and renal oncocytoma (n ⫽ 5)]. Normal renal
tissue was taken from explanted, but not transplanted,
donor kidneys (no allocation in time) (n ⫽ 5). The
Fuhrmann grade of renal carcinoma was one to two times
higher, or tumors with sarcomatoid differentiation were
excluded. Areas of necrosis or fibrosis were macrodissected and discarded.
Fresh tumor tissue was procured in the context of
performing a frozen section for tumor diagnosis from
either clear-cell renal carcinoma or oncocytoma, snap
frozen in liquid nitrogen, and stored at ⫺80°C until use.

Urine Collection
Urine samples of approximately 50 to 100 mL were selected from patients according to diagnosis shown in
Table 1. In patients with tumor, urine was collected at two
different time points (before operation and at hospital
release). All urine was frozen at ⫺20°C until further use.
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Table 1.

Patient Data for Cases with Analyses of Formalin-Fixed Paraffininzed Human Tissue

Patient no.

Diagnosis

Sex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Onco
Onco
Onco
Onco
Onco
CP
CP
CP
CP
CP
PAPI
PAPI
PAPI
PAPI
PAPI
PAPI
RCC
RCC
RCC
RCC
RCC
RCC
RCC
Normal
Normal
Normal
Normal
Normal

F
M
M
M
M
M
M
M
F
F
M
M
M
M
F
M
M
F
F
F
M
F
M

Age (years)

Control
Control
Control
Control
Control

79
49
71
68
74
63
81
64
55
70
74
45
56
78
62
76
73
53
59
73
70
63
66
paraffin-embedded
paraffin-embedded
paraffin-embedded
paraffin-embedded
paraffin-embedded

Tumor size (cm)
1.5
4
2
10.0
5
5.5
2.3
3.3
4
2.8
1.5
3.0
1.5
6
3.1
2.2
2.2
5.5
6.0
4.0
2.0
3.7
1.5
tissues
tissues
tissues
tissues
tissues

F, female; M, male; CP, chromophobe RCC; Onco, oncocytoma; PAPI, papillary RCC.

Because human materials (renal tissue and urine) were
used, procedures were followed as outlined in accordance with ethical standards formulated in the Declaration of Helsinki 1975, with preapproval by the Ethics Committee at the University Hospital, Koeln (reference no.
09-232).

Immunohistological Characteristics
Paraffin-embedded tissue sections (4 m thick) were
deparaffinized by incubation for 2 ⫻ 5 minutes in xylene,
followed by 2 ⫻ 3 minutes in 100% ethanol, and 1 minute
in 95% ethanol; and then rinsed with distilled water. The
slides were incubated with a specific serum blocker (antirabbit) for 30 minutes, to avoid unspecific binding. After
that incubation period, the slides were re-incubated for 1
hour at room temperature with specific primary antibodies (PKC␣/PKC␤II; Santa Cruz, Heidelberg, Germany).
After washes with PBS–Tween 20, sections were incubated with a secondary anti-rabbit antibody (Santa Cruz).
After rinsing with PBS–Tween 20, slides were re-incubated for 2 minutes in 95% ethanol, followed by 2 ⫻ 3
minutes in 100% methanol, counterstained with H&E, and
coverslipped.

Germany) with bovine serum albumin as standard. Doublestranded pri-miRNA 15a oligonucleotides (5=-TGTGGATTTTGAAAAGG-3=) were commercially synthesized (Invitrogen, Darmstadt, Germany), and the forward strand
was labeled with Alexa 647. Pri-miRNA 15a binding reactions were conducted in 200 mmol/L Tris-HCL, pH 7.6,
50 mmol/L MgCl2, 0.1 mmol/L EDTA, and 10 mmol/L
dithiothreitol. To prepare the DNA for annealing, the oligonucleotides (1 pmol each) were incubated at 70°C for
exactly 10 minutes and for a further 30 minutes at room
temperature. For the protein/RNA binding reaction, 5 g of
protein was added to the samples and incubated on ice for
30 minutes. The reaction was analyzed by electrophoresis
in a nondenaturation 6% polyacrylamide gel in 1⫻ TRISBorat-EDTA (TBE) buffer.
For supershift electrophoretic mobility shift assays
(EMSAs), a PKC␣ antibody (Santa Cruz) was used. As
negative control, 100⫻ more concentrated, nonlabeled
pri-miRNA 15a was incubated with 5 g of protein and
added to the Alexa-labeled sample. As binding and negative control, a mutated pri-miRNA 15a oligo (Alexa 647,
5=-GTGTTCGGGGTCCCCTT-3=; Invitrogen) was used as
well. All EMSAs were performed in triplicate and visualized with a fluorescence reader (Licor, Bad Homburg,
Germany).

Nonradioactive EMSA
Nuclear extracts (NEs) were isolated from fresh tissue samples according to the manufacturer’s protocol (Nuclear Extraction Kit; Active Motif, Carlsbad, CA). Protein content was
assayed with the Bradford protein assay (Bio-Rad, Munich,

Immunoprecipitation
For immunoprecipitation, a MAPK p38 agarose conjugated antibody (Santa Cruz) was used as previously described21 and incubated with 250 ng of nuclear extracts
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Table 2.

Primers Used in this Study

Name

Forward primer

Reverse primer

Cycles

Temperature (°C)

␤-Actin
PKC␣
ET-1
IL-6
ET-A receptor
ET-B receptor
Fractalkine
VCAM

5=-TTGGCAATGAGCGGTTCCGCTG-3=
5=-ATGGCTGACGTTTTCCCGG-3=
5=-CCAAGGAGCTCCAGAAACAG-3=
5=-GCTATGAACTCCTTCTCCACAAGCG-3=
5=-AGCTCAGCTTCCTGGTTACC-3=
5=-GCCATTTGGAGCTGAGATGT-3=
5=-CAGAGGAGAATGCTCCGTCTG-3=
5=-GGCCCAGTTGAAGAATGCGGGAGTATATG-3=

5=-TACACGTGTTTGCGGATGTCCAC-3=
5=-AGGTGGGCTGCTTGAAGA-3=
5=-GATGTCCAGGTGGCAGAAGT-3=
5=-TGAAGAGGTGAGTGGCTGTC-3=
5=-TCCTGAGCAGAGTTGCATTC-3=
5=-CTGCTGTCCATTTTGGAACC-3=
5=-GGTCCCTTCTGAGGAAGACAG-3=
5=-GATTTCTGTGCTTCTACAAGACTATATGACCC-3=

45
45
45
45
45
45
45
45

53
55
55
53
55
55
53
55

VCAM, vascular cell adhesion molecular.

from either normal tissue (positive control) oncocytoma or
RCC. The samples were washed twice with 1⫻ PBS, and
SDS-PAGE was performed. As negative control, only
agarose beads were used.

Immunoprecipitation and PCR
The immunoprecipitation was performed with 250 ng of
NE of each tumor type and incubated with an agaroseconjugated PKC␣ antibody. As negative control only,
agarose beads were used. After the incubation step, the
samples were washed twice with 1⫻ PBS, the RNA was
isolated and reverse transcribed, and a PCR with primiRNA 15a–specific primers was performed. The product was loaded on a 3% agarose gel, and the band of the
expected size was isolated and sequenced by the
Sanger method.

miRNA Isolation
For miRNA isolation of the formalin-fixed, paraffin-embedded (FFPE) samples, the RNeasy FFPE kit (Qiagen,
Hilden, Germany) was used according to the manufacturer’s protocol. RNA quantification was accomplished
using NanoDrop technology (Fisher Scientific, Schwerte,
Germany).

miRNA Isolation from Urine
For miRNA isolation from patients’ urine, 1 mL of urine
was used and added to the Qiazol reagent, mixed, and
further used according to the manufacturer’s protocol
(miRNeasy kit; Qiagen). RNA quantification was accomplished using NanoDrop technology.

Nuclear and Cytoplasmic Isolation
Nuclear and cytoplasmic extracts were isolated from frozen tumor samples, treated cells, or controls, according
to the manufacturer’s protocol (Nuclear Extraction Kit;
Active Motif). Protein content was assayed with the Bradford protein assay (Bio-Rad), with bovine serum albumin
as the standard.

PKC␣ Binding of Pri-miRNA 15a
The NE was isolated (as previously described) from
fresh, snap-frozen tumor samples. This extract, 150 g,

was incubated with a PKC␣-specific agarose-conjugated
antibody (described previously in immunoprecipitation).
After the antibody binding procedure, the sample was
washed twice with 1⫻ PBS. After the final wash, the total
RNA was isolated according to the Qiagen protocol. RNA
was quantified, RT-PCR was performed, PCR with primers specific for pri-miRNA 15a detection was performed,
and the resulting product of the expected size was
Sanger sequenced.

qPCR Data
Of the previously mentioned cDNA, 1 L was used for
quantitative real-time PCR (qPCR) analysis. The experimental settings were as previously described.20,21
For quantitative analysis, ␤-actin was measured. All
samples were normalized to ␤-actin as the reference
gene. All experiments were performed in triplicate. Relative fluorescence was calculated using the ⌬⌬CT method,
as outlined in user bulletin 2 (PE Applied Biosystems,
Darmstadt, Germany). The statistical significance of
qPCR values at different time points was assessed by the
Student’s paired t-test.
The mirVana qPCR Primer Set for miR-15a was used
according to the manufacturer’s instructions (Invitrogen).
The primer set for 5S ribosomal RNA served to normalize
results among different samples. Table 2 provides primer
information.

RT-PCR Data
The cDNA was obtained from 250 ng of RNA using
random primers and SuperScript III reverse transcriptase, according to the manufacturer’s protocol (Invitrogen). The RT-PCR was performed as previously described.20,21

Sanger Sequencing
The gel-extracted PCR product from the PKC␣ agarose
antibody immunoprecipitation was prepared for Sanger
sequencing according to the BigDye protocol (Applied
Biosystems, Darmstadt, Germany). The product was sequenced by the Cologne Center for Genomics and analyzed with the FinchTV version 1.4.0 (Euscan, The Netherlands).
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Tissue Array
Formalin-fixed and paraffinized renal (tumor and normal) tissues (listed in Table 1) were pre-evaluated for
␤-actin by qPCR to ensure good tissue preservation.
From those tissues, core punch biopsy samples (each
with a 2-mm diameter) were taken and assembled into
a paraffin block with prepunched holes to allow simultaneous immunohistological analysis of up to 35 tissue
samples at once.

Tumor Regression
Tumor regression as a morphological term is defined by
the destruction of the tumor’s structure under the appearance of necrosis, massive hemorrhage, and inflammation, as well as subsequent restructuring by
scaring.
The tumor samples we defined as regressive showed
that ⬎50% of the tumor parenchyma was destroyed in the
described manner. More important, this regression occurred as part of normal tumor development. It was not
therapeutically induced nor were there detectable reasons for its occurrence, such as vascular thrombosis or
external tumor compression. The regression occurred
primarily in the center of the tumor, as is known in other
tumor entities, so that living tumor cells were only preserved around the edge of the pseudoencapsulated tumors.

Western Blot Analysis
Western blot analysis was performed as previously described.20,21 For the analysis of the PKC isoforms, antibodies (Santa Cruz) were used and tested for specificity
with designed peptides (Santa Cruz).

Statistics
All experiments were performed in triplicate. For the
statistical analysis, the GraphPrism 5 program (GraphPad Software, La Jolla, CA) was used. An analysis of
variance was performed, and the significant differences were calculated by the Newman-Keuls method
and indicated by asterisks. All differences without indication were not statistically significant. The RCC versus RCC regressive differences were analyzed by unpaired t-test.

Results
PKC in Renal Tumors
Tissue Array Analysis of PKC␣ and PKC␤2
To localize PKC isoforms, an immunohistological
study using antibodies against PKC␣ and PKC␤II was
performed in all paraffin-embedded tissues (n ⫽ 28)
(Table 1). PKC␤2 was expressed in proximal tubules
but not in glomeruli in normal and all four carcinoma
subtypes studied. PKC␣ was identified in proximal tu-

Figure 1. PKC isoforms in renal tumors. A: Western blot analysis of PKC
isoforms by specific antibodies using protein extracts from frozen renal tumors.
␤-Actin was used as a loading control. Major differences exist between both
tumor types regarding the classical isoforms ␣ and ␤2. B: Representative results
for different renal tumors and normal renal tissue of immunohistological features
for PKC␣ and PKC␤2 staining with specific antibodies by tissue array. Five to
seven samples of each group were analyzed simultaneously by punch biopsy
samples assembled in a tissue array. No PKC␣ was detectable in RCC and CP.
Original magnification: ⫻40; ⫻200 (inset). CP, chromophobe RCC; Onco, oncocytoma; PAP, papillary RCC.

buli of normal kidneys (n ⫽ 5), oncocytoma (n ⫽ 5), and
papillary RCC (n ⫽ 6), but not in clear-cell RCC (n ⫽ 7)
or CP carcinoma (n ⫽ 5) (Figure 1A). PKC isoform
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Figure 2. Immunoprecipitation analysis of the TC. A: Immunoprecipitation using MAPK p38-coated agarose beads analyzed by using Western blot analysis with specific
antibodies (PKC␣ and p65). Complex formation is detectable in all three samples. B: EMSA of NEs from frozen RCC tissue. Pri-miRNA 15a oligonucleotide containing
a specific binding site, representing the pre-/pri-miRNA 15a sequence and NEs of used tissues, a potential direct interaction between PKC␣ and the complex by EMSA
is shown. PKC␣ can be identified as major component by supershift analysis. Specificity determined by 100⫻ unlabeled oligonucleotide. The supershift was performed
with a specific anti-PKC␣ antibody; its specificity was previously analyzed.34 C: Agarose gel electrophoresis showing the expected size of the amplificate at 192 bp in
RCCs obtained by PCR after immunoprecipitation using PKC␣ agarose beads. Control tissue represents nontumorous tissue from the same patient. Only agarose-labeled
beads were used as a negative control. mut, mutated (Cy5-5⬘-GTGTTCGGGGTCCCCTT-3⬘; MWG, Cologne, Germany); neg, negative.

expression was detectable in equal intensity when
present. Results regarded as negative did not reveal
any staining throughout the tissue samples analyzed.

were part of the complex (Figure 2A) in frozen fresh
samples from renal tumors. However, the amount of
PKC␣ was reduced in malignant RCC versus being
highly prevalent in benign oncocytoma (Figure 1B).

PKC Isoforms
Because immunohistological findings indicated a homogeneous expression of PKC␣ throughout cases of a
specific tumor class, frozen tissues from two randomly
chosen RCCs and oncocytoma were further studied by
using Western blot analysis.
By using specific antibodies for different isoforms, PKC
members were identified from cytoplasmic extracts of
frozen RCC versus oncocytoma samples. PKCs ␤I, ␤II, ␦,
, and  were detectable, whereas in the benign oncocytoma, PKC isoforms ␣, ␤I, little ␤II, , and  could be
identified (Figure 1B).

Detection of miRNA 15a and PKC␣ in Renal
Tumors
Immunoprecipitation Analysis of the TC
Immunoprecipitation using MAPK p38-coated agarose
beads demonstrates that both NF-B p65 and PKC␣

Interaction of PKC␣ with pri-miRNA 15a
To confirm the interaction between PKC␣, we used
NEs from renal tumors and an Alexa 667–labeled oligonucleotide representing the sequence of pri-miRNA
15a that is the interaction site between PKC␣. Supershift analysis with an antibody specific for PKC␣ identified this isoform as a component of the observed
complex formation (Figure 2B).
To demonstrate the direct interaction between primiRNA 15a and PKC␣, primers were designed that would
specifically amplify a stretch of pri-miRNA 15a with the
expected binding site of PKC␣.34 Figure 2C represents
the result of agarose gel electrophoresis, showing the
expected size of the amplificate at 192 bp. The product
was obtained by PCR after an immunoprecipitation, using
PKC␣ agarose beads and NEs from freshly frozen oncocytoma samples, RCC, and control tissue. To control the
specificity of the PCR product, the nucleotide sequence

Figure 3. Gene expression levels for different
groups of paraffin-embedded renal tumors (Table 1)
by box plot analysis. Gene expression of miRNA 15a
and PKC␣ in a set of five to seven samples of each
group were analyzed via qPCR. There is an inverse
correlation between miRNA 15a and PKC␣ in RCC
versus oncocytoma. CP results closely resemble
those of RCC, whereas papillary results are more
closely related to those of oncoytoma. CP, chromophobe RCC; Pap, papillary RCC. *P ⬍ 0.05,
**P ⬍ 0.01.
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Figure 4. Gene expression levels of ET-1 and the receptors and different NF-B– dependent target genes for the four different renal tumor subgroups. Results
for RCC and CP are closely matched and inversely related to those of oncocytoma. In contrast, in Pap, higher expression levels are detectable than expected from
the analysis of signal components in Figure 3A. Box plots display the median (bold line) and the first and third quartile range (box). CP, chromophobe RCC; Onco,
oncocytoma; Pap, papillary RCC. *P ⬍ 0.05, **P ⬍ 0.01, and ***P ⬍ 0.001.

of the amplificate was analyzed by Sanger sequencing
(data not shown).

PKC␣ and miRNA 15a Expression Levels in
Human Renal Tumors
By RT-qPCR, we analyzed the expression levels of PKC␣
and miRNA 15a (Figure 3) of paraffin-embedded tissues
(listed in Table 1). In RCC and CP, the PKC␣ expression
was low; in papillary RCC, it was moderately low; and in
oncocytoma, it highly increased. In contrast, miRNA 15a
levels were decreased in oncocytoma and papillary RCC
and slightly increased in clear-cell RCC and CP.

Target Gene Expression in Human Renal
Tumors
By RT-qPCR, we analyzed the expression levels of different NF-B target genes (Figure 4) of the paraffin-embedded tissues listed in Table 1. Overall, malignant RCCs
had the highest expression levels of all tumor groups
investigated. Gene levels in CP and papillary RCCs were
lower, being lowest in oncocytoma.

miRNA 15a as a Potential Urine Marker to
Identify Malignant versus Benign Renal Tumors
Because miRNA could be identified in the urine and
malignant RCCs had high levels in their tumor cells (Figure 3), we investigated whether miRNA 15a could serve
as a potential marker to differentiate these malignant
tumors from benign oncocytomas, by analyzing urine
samples from patients with tumors. miRNA 15a was extracted from freshly collected urine from different groups

of patients with primary renal tumors, other malignant or
benign tumors, or inflammatory conditions, as listed in
Table 3. After real-time qPCR analyses of urine from
well-preserved clear-cell RCCs, overall high levels of relative fluorescence of miRNA 15a were detectable immediately before operation, which decreased significantly (ie, decreased to nearly to 0 at hospital release;
Figure 5A).
Carcinoma of the urogenital tract and other tumors,
such as colon cancer and hepatic cell carcinoma, failed
to show increased miRNA 15a levels (Figure 5B). Furthermore, inflammatory conditions were equally incapable of
increasing miRNA 15a levels (Figure 5B). The increased
expression of miRNA 15a in patients’ urine with RCCs
compared with all other collected urine samples was
significant, as indicated by asterisks (Figure 5B). However, urine samples from patients with RCCs with regressive changes affecting ⬎50% of the tumor parenchyma also show significant differences regarding
RCCs.
In contrast, clear-cell RCCs with regressive changes
affecting ⬎50% of the tumor parenchyma displayed
miRNA 15a levels equal to control cases, whereas PKC␣
levels were increased (Figure 6). p16INK4a was used as a
marker for tumor regression (Figure 7), demonstrating
that all tumors with increased PKC␣ levels showed increased expression of p16INK4a as well.

Discussion
As we demonstrated earlier,20 different normal and tumor
cell lines induced a cytoplasmic TC consisting of NF-B
p65–MAPK p38 after ET-1 stimulation, among them
Caki-1 cells, an RCC-derived tumor cell line. Furthermore, a signaling loop exists in Caki-1 cells21,34; in rest-
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Table 3.

List of Data for Patients, Their Respective Tumor and Nontumor Diseases, and Results of the Relative Fluorescence Values of
miRNA 15a in Urine Used in This Study

Patient no.

Sex

Age (years)

Clinical evidence

Tumor size (cm)

Relative fluorescence

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

F
M
F
M
F
F
M
F
F
F
M
M
F
M
M
M
M
M
M
M
M
F
M
F
M
M
M
M
M
M
F
M
M
M
M

63
56
71
75
81
70
60
64
55
54
76
71
70
68
65
47
81
74
69
63
45
69
72
66
86
67
70
78
63
70
33
32
65
64
59

0.6
6.0
3.07
3.7
3.6
3.9
3.5
5.7
11
5.5
5.0
1.5
3.2
3.6
3.5
6.0
12.5
6.5
2.2
4.2
6.8
1.9
4.9
6.8

166.46
18.62
248
60.08
81.8
56.06
56.8
35.2
184.02
28.72
0.35
2.38
10.86
1.18
3.35
0.39
4.66
0.96
0.38
5.0
0.46
1.03
1.62
5.97
0.97
3.15
0.36
4.37
2.95
1.36
3.17
6.91
1.42
2.97
30.1

36
37
38
39
40
41
42
43
44
45

M
M
M
M
M
F
F
F
M
F

68
78
60
46
78
58
63
58
78
55

RCC
RCC
RCC
RCC
RCC
RCC
RCC
RCC
RCC
RCC
Oncocytoma
Oncocytoma
Oncocytoma
Oncocytoma
Oncocytoma
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
RCC, regressive
Urothelial carcinoma
Urothelial carcinoma
Urothelial carcinoma
Urothelial carcinoma
Urothelial carcinoma
Prostatitis
Urinary bladder infection
Pyelonephritis
Angiomyolipoma
Papillary adenoma, urogenital Tbc
Hemangioma liver sclerotic, papillary
RCC (G1)
Liposarcoma
Colon carcinoma
Pancreas carcinoma
Pancreas carcinoma
HCC
Colon adenoma
Lymph cyst
Cystic nephroma
Urinary bladder cancer, metastases
Undifferentiated urogenital tract
tumor, metastases

6.5

3.17
4.25
20.52
18.12
0.86
2.57
8.13
15.87
4.37
14.84

F, female; M, male; HCC, hepatocellular carcinoma; Tbc, tuberculosis.

ing cells, PKC␣ associated with the TC is able, after
nuclear migration, to suppress the release of pri-miRNA
15a. This miRNA 15a (MIR15A) appears necessary to
regulate signaling after ET-1 induction: the mediator induces decreasing PKC␣ levels, which can no longer
suppress nuclear pri-miRNA release, resulting in cytoplasmic accumulation of mature miRNA 15a. Because
Caki-1 cells are the corresponding malignant cell line to
clear-cell RCC, we investigated whether this signaling
loop is present in clear-cell and other subtypes of RCC
versus benign oncocytoma.
At the start of this investigation, PKC␣ was not detectable by immune histological characteristics in clear-cell
RCC, being in agreement with the findings of Brenner
et al.28 However, a strong signal could be obtained for

oncocytoma (Figure 1B). Different PKC isoforms present
in renal tumors were identified between clear-cell RCC
and oncocytoma from fresh collected tissue samples,
using two tumors of each subtype for analysis because of
the high degree of homology in immune staining. With
this approach, we wanted to analyze whether expression
patterns in isoforms could help to explain differences in
signaling and subsequent tumor behavior. Interestingly,
major differences between our study and those of Engers
et al27 and Brenner et al28 are the lack of expression of
PKC versus the detectability of the ␤1 and ␤2 isoforms
in RCCs, but not in oncocytomas by using Western blot
analysis and immune histological characteristics (Figure
1). Furthermore, and in contrast to our study, Engert et
al35 did not detect the ␦ isoform. The reason for these
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Figure 6. Analysis of levels of PKC␣ and miRNA 15a in RCCs with minimal
(⬍10%) versus major (ⱖ50%) regressive changes. Marked regressive changes
lead to an inverse relationship with levels of high PKC␣ and low levels of
miRNA 15a. P ⬍ 0.05. The paraffinized tissues used in this experiment are
derived from the cases from which urine analysis was performed in Table 3.

discrepancies remains speculative. The use of different
antibodies could be one of the most likely reasons, with
improved antibodies becoming available since the studies were conducted 7 years ago. Atypical PKC isoforms,
however, were not detected by using Western blot analysis in either normal human renal tissue or in human renal
tumors. This result differs from reports in the rat kidney,
where the major PKC isoform is ␣, in addition to ␦, and ,
whereas others are not expressed.36
One of the major novel and unexpected findings of
this article is the inverted relationship between low
levels of PKC␣ and high levels of miRNA 15a in RCCs,
compared with previously reported tumor investigations. In the literature, miRNA 15a has been described
as a tumor suppressor, promoting apoptosis and inhibiting cell proliferation by targeting multiple oncogenes.10 The down-regulation of miRNA 15a and 16-1
has consequently been reported in lymphoproliferative

Figure 5. qPCR results using urine from patients listed in Table 3. A:
Urine from patients with clear-cell renal carcinoma. Preoperatively increased values for urinary miRNA15a levels show a marked decrease
postoperatively at hospital release. P ⬍ 0.005. B: Box plot analyses from
the urine of patients with different disease entities in the urogenital tract,
as listed in Table 1. In contrast to urine from RCCs, urine of the other
disease entities analyzed shows median levels of relative fluorescence
units of miRNA 15a of ⱕ10. maligne, malignant tumors; urothel, urothelial. *P ⬍ 0.05, **P ⬍ 0.01, and ***P ⬍ 0.001.

Figure 7. Analysis of levels of p16INK4a in well-preserved versus highly
regressive RCCs (⬎50%) as a marker for regression. P ⬍ 0.001.
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disorders, in multiple myeloma,11 and in prostate cancer.12 Furthermore, in oral squamous cell carcinoma, Cohen et al9 have reported that the up-regulated PKC␣
isoform is inversely related with a decreased production
of miRNA 15a. This discrepancy remains puzzling, particularly because we found similar discrepant relationships between these two factors in cervical carcinoma
and melanoma,34 so that a tumor-specific phenomenon
as an explanation seems unlikely.
According to studies with cultured Caki-1 cells, one
important question was the identification of the formation
of the TC consisting of p65 and p38 components joined
by PKC. Although this complex is generally detectable,
PKC␣ can only be detected in oncocytoma in a significant amount (Figure 2A). This indicates that, regarding
NF-B signaling, the situation in oncocytoma resembles
closely that in resting Caki-1 cells, whereas RCCs represent the situation after mediator-stimulated signal transduction, in which ET-1 induction has been described as
an important mediator.37 This can be further strengthened by the observation in Figure 2B, in which, by EMSA,
with NEs from both tumor types, a complex consisting of
PKC␣ with the oligonucleotide pri-miRNA 15a containing
a PKC␣ homologous nucleotide binding site, can only be
identified for oncocytoma, but not for RCC.
In an attempt to validate the importance of the differences in signaling between the malignant RCC subtypes
and the benign oncocytoma, we analyzed the expression
levels of several known NF-B target genes that were
relevant in previous studies in normal proximal renal tubule cells and their malignant counterparts, the Caki-1
cells.20,21 For vascular cell adhesion molecule-1, IL-6,
and fractalkine, the relationship between higher levels for
the clear-cell and CP RCC subtypes, paralleling that for
the signaling components compared with the benign oncocytoma, could be confirmed. Unexpectedly, levels of
gene expression in the papillary subtype of RCC were
relatively high compared with the expected results.
Herein, potentially additional pathways may modify the
signaling result, which awaits further studies.
Because differences in the behavior of RCCs have
been related, in part, to ET-1, we determined levels of
gene expression for ET-1 and its two receptors, A and B.
Again, the clear-cell and the CP subtype of RCC reveal
overall higher levels of ET-1 and its receptors than the
oncocytoma samples. The same is true for the lower
levels of ET type-B receptor in papillary RCCs. These
results are in overall principal agreement with the observation that ET-1 reportedly promotes cell survival in RCCs
through the ET-A receptor31 in different renal tumor cell
lines. However, we observed a major discrepancy regarding papillary RCCs. Although major differences in
endothelial axis expression seem to exist between clearcell and papillary subtypes,32 we found, in contrast to
Douglas et al,32 that a papillary RCC has, on average,
more ET-1 and ET-A receptor expression than the clearcell subtype.
In addition to being an interesting signaling system,
the characterization of the individual components, and
particularly miRNA 15a, has provided the potential for a
new marker differentiating clear-cell RCC from oncocy-

toma. This differential can be particularly difficult in preoperative, diagnostic renal tumor biopsy samples, because oncocytic features can be found as a minor
component in clear-cell RCCs. Herein, the analysis of the
miRNA 15a levels could be of significant help, considering that this investigation (if a molecular pathology laboratory is at hand) is, time wise, at least equivalent to the
much less informative, albeit nonspecific, immune histological features.
The potentially most relevant role for miRNA 15a as a
diagnostic marker, however, is indicated by its detectability in the urine of patients with renal cancer (Figure 5).
According to our initial investigation, clear-cell RCCs
have distinctly increased miRNA 15a levels compared
with those before tumor resection, which decreases, in
almost all cases, to background values after operation or
at the time of hospital release. In only one case with
lymph node metastases, higher levels of miRNA persisted after primary tumor resection. Whether this phenomenon could be used as a diagnostic tool in revealing
tumor metastases has to be further evaluated.
The potential applicability of urinary miRNA 15a values
for diagnostics is further supported by the fact that other
urinary and nonurinary tumors, and inflammatory conditions of the urinary tract, do not seem to cause increased
miRNA 15a levels (Figure 5B). Potentially false-negative
values may occur. However, in cases with major RCC
tumor regression in which miRNA 15a levels remain low,
this could be explained by the observation that tumors
undergoing apoptotic changes show high PKC␣ levels,
which, according to our model, should result in decreased amounts of detectable miRNA 15a.38 The
p16INK4a tumor suppressor and aging status marker was
used to analyze kidney tumor regression.39 A clear correlation between tumor regression and increased values
of p16INK4a was detectable (Figure 7). Whether the correlation between the degree of tumor necrosis and levels
of p16INK4a is also linear will depend on reliable data of
the amount of necrosis per tumor. For this analysis, further studies are needed, because the data are not available in our databank, because their potential importance
has not been recognized.16
Thus, although miRNA 15a has, in our opinion, a promising potential as a diagnostic marker, clinical studies
with more tumor cases are needed to prove its diagnostic
value.
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