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ABSTRACT

Introduction: The corticotropin-releasing hor-
mone (CRH) system, its receptors corticotropin-
releasing hormone receptor 1 (CRHR1) and 2
(CRHR2), and its corresponding binding protein
corticotropin-releasing hormone-binding pro-
tein (CRHBP) as well as the urocortin proteins—
structural homologues to CRH, which are
included in this peptide family—have become
interesting oncological targets recently. Car-
cinogenesis of various human tumors has been
reported with an altered presence of members of
this system. The aim of the present study was to

examine the role of urocortin 3 (UCN3) in renal
cell carcinoma (RCC).
Methods: Therefore, tumoral tissues of 106
patients with RCC and available corresponding
normal tissues were analyzed using qPCR for
quantitative mRNA expression analysis. Tissue
localization and protein signals of UCN3 in
normal and tumoral renal specimens were
evaluated using western blot and immunohis-
tochemistry. In addition, correlation studies of
UCN3 mRNA expression with clinicopathologi-
cal parameters of patients with RCC and differ-
ent histological subtypes were evaluated.
Results: UCN3 mRNA was significantly down-
regulated in nearly all tumoral tissues
(p = 7.92 9 10-13). The same effect was
observed at protein level using immunohisto-
chemistry. Level of UCN3 mRNA expression was
not directly correlated with clinicopathological
parameters.
Conclusion: We report for the first time the
significant downregulation of UCN3 in RCC.
These results demonstrate a possible involve-
ment of the CRH system and its significance in
carcinogenesis of RCC.
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Key Summary Points

This manuscript contributes to a better
understanding of tumor metabolism in
human renal cancer—a serious urological
malignancy—and is of broad interest as it
demonstrated new results which could
possibly contribute to the development of
new targeted therapies in oncology.

The direct influence of the corticotropin-
releasing hormone (CRH) axis in renal
cancer vascularization has already been
confirmed.

Our previous studies showed significant
changes of members of the CRH system in
human renal cancer on mRNA and
protein level, e.g., UCN, CRHR2, CRHBP.
In this study the role in human renal
cancer of another member of the
urocortin system—UCN3, a selective
CRHR2 agonist—was investigated.

The almost complete loss of both protein
and mRNA levels of UCN3 was observed
in renal cancer. This could be an
important mechanism in tumorigenesis.

On the other hand, a statistical correlation
with clinical parameters, which represent
disease progression, was not significant.

While some of the peptides of the CRH
system are more involved in
tumorigenesis, others seem to play
remarkable roles in the progression of the
disease.

We believe that in the near future
members of the CRH system could be part
of targeted therapies against kidney
cancer, which is a solid cancer in humans,
that is showing increasing incidence.

INTRODUCTION

The corticotropin-releasing hormone (CRH)
pathway, primarily described as the major
neuroendocrine pathway modulating stress-

related response through the hypothalamic–pi-
tuitary–adrenal (HPA) axis, consists of CRH,
urocortin (UCN or UCN1), UCN2, and UCN3.
These peptides act through activation of two
G-protein-coupled receptors with different
specificities and effects—CRHR1 and CRHR2.
The corresponding binding protein CRHBP to
which a regulatory function is attributed binds
CRH analogues and serves as a ligand trap in the
CRH system [1–7]. It has been shown that CRH
analogues inhibit tumor growth via effects on
angiogenesis by reduction of vascular endothe-
lial growth factor (VEGF) synthesis and cell
proliferation through activation of CRH recep-
tors in different tumor entities, especially by
activation of CRHR2 [8–11]. Expression and
pathophysiological implication of the CRH
pathway in several human cancers have been
reviewed lately [11, 12]. Recently, we reported
the translocation of UCN and reduction of
CRHR2 in clear cell renal cell carcinoma
(ccRCC) [5]. UCN3 in human kidney and its
presence in serum and urine have also been
described, but with approximately 5-fold higher
urine levels than that of plasma and higher
urine levels compared to other vasoactive pep-
tides found in urine. This supports the
hypothesis of renal tubular cells as the origin of
UCN3 [2, 4]. Up to now, there are no compa-
rable data available about the gene expression
of UCN3 in RCC and its role in renal cancer
biology, although alterations of other members
of the CRH peptide family such as UCN,
CRHBP, or CRHR2 have already been reported.
Kaprara et al. reviewed literature showing that
different tumor entities, e.g., prostate, thyroid,
lung, breast, and gastrointestinal tumors, exhi-
bit different expression patterns of members of
the CRH system depending on tumor grading
and staging [12]. Therefore, and in order to
extend the understanding of the CRH peptide
family and its influence on the tumor biology of
RCC, another member of the CRH system,
UCN3, was investigated in this study. We
examined the expression of UCN3 in 106
human kidney specimens and available corre-
sponding benign peritumoral specimens by
qPCR analysis. Protein signals were examined
by western blot analysis. Tissue localization was
investigated by immunohistochemistry.
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Moreover, a statistical correlation analysis
between mRNA expression of UCN3 in kidney
cancer with clinicopathological parameters was
performed.

METHODS

Patients’ Characteristics

Tumor tissues of 106 patients subjected to kid-
ney surgery between 2001 and 2005 collected
from the Eberhard Karls University of Tuebin-
gen were included in the present study. Tissue
preparation, storage, pathological evaluation,
tumor stage assessment, nuclear grading, and
data management have been described previ-
ously [13]. The study was approved by the eth-
ical committee of the Eberhard Karls University
of Tuebingen (ethics votes number 128/2003V).
All procedures performed in this study involv-
ing human participants were in accordance
with the ethical standards of the institutional
research committee and with the 1964 Helsinki
declaration and its later amendments. Informed
consent was obtained from all individual par-
ticipants included in this study. Out of 106
patients in total, 77 patients with the histolog-
ical subtype of ccRCC, 22 with the histological
subtype of papillary renal cell carcinoma
(pRCC), and available paired benign samples
were considered in this study (Table 1) [14].

RNA Isolation and qPCR Quantitation
of Relative mRNA Expression Levels

RNA isolation and qPCR have been described
before [15]. Briefly, total RNA was reverse-tran-
scribed into single-strand complementary DNA
(cDNA) using the high capacity cDNA reverse
transcription kit (Applied Biosystems, Foster
City, CA, USA). Analysis of the results was per-
formed in duplicate with an ABI 7900 Fast
Sequence Detection System using TaqMan gene
expression assays and Universal PCR Master Mix
according to the manufacturer’s protocol (Ap-
plied Biosystems, Foster City, CA, USA) as
described before [15]. The TaqMan assays were
UCN3 (Assay ID: Hs00846499_s1), GUSB (Assay

ID: Hs00939627_m1), RPL134 (Assay ID:
Hs03043885_g1), and HPRT1 (Assay ID:
Hs99999909_m1). The human GUSB, RPL134,

Table 1 Clinicopathological data of patients with RCC
used in this study

Clinicopathological parameters Number of
patients

%

Total 106 100

Age (mean ± standard deviation) 63 ± 11.9

Male 68 64.2

Female 38 35.8

Histological subtype

Clear cell 77 72.6

Papillary 22 20.8

Mixed histology 5 4.7

Other/not classified 2 1.9

Staging

pT1a 32 30.2

pT1b 29 27.4

pT2 5 4.7

pT3a 13 12.3

pT3b/c 24 22.6

pT4 0 0

Not classified 3 2.8

Synchronous lymph node

metastasis

11 10.4

Synchronous distant metastasis 23 21.7

Advanced disease (pT3–4 and/or

N?/M?)

49 46.2

Grading

G1 17 16

G1–2 15 14.2

G2 57 53.8

G2–3 7 6.6

G3 10 9.4
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and HPRT1 transcripts served as endogenous
controls. Additionally, no template, no reverse
transcription, and blank controls were con-
ducted in each run.

Relative quantities of transcripts were calcu-
lated using the SDS 2.3 Manager data assist v2.0
software and the 2-DDCt method as described
before [15–17], but replacing the biological
control by the average Ct values for UCN3 and
the endogenous controls as obtained from the
whole tissue sample group.

Western Blot Analysis

Western blotting was carried out according to
standard protocols. Blot incubation was per-
formed with primary rabbit antibody for UCN3
(1:400 dilutions; Sigma-Aldrich Co. LLC., St
Louis, Missouri, USA). b-tubulin was used as a
loading control. Further steps have been
described earlier [14].

Immunohistochemistry

Immunohistochemical (n = 40) detection of
UCN3 was performed with an anti-human
UCN3 antibody—a polyclonal rabbit antibody
(1:500 dilutions, H-019-28, Phoenix pharma-
ceuticals GmbH, Karlsruhe, Germany). The
paraffin-embedded tissue sections were
demasked and stained with the Avidin/Biotin
Blocking Kit (Vector Laboratories, Burlingame,
CA, USA) as described before [5]. A negative
control was conducted omitting the primary
antibody. Corresponding benign kidney tissue
served as a positive control [4].

Statistical Analysis

The paired t test was applied for comparison of
kidney tumor tissue and paired benign tissue.
Univariate logistic regression models were car-
ried out for independent group comparisons.
Means and standard deviations (SD) per group,
odds ratios (OR), corresponding 95% confi-
dence intervals (CI), and two-sided p values are
presented. p\0.05 was considered to be statis-
tically significant.

RESULTS

Expression of UCN3 in Normal Kidney
and Kidney Cancer

In most of the samples a relative loss of UCN3
mRNA expression in corresponding tumor tis-
sues as indicated by the negative differences of
sorted pairwise relative expressions was detec-
ted. Group comparison of all RCCs and corre-
sponding normal tissue samples showed a
relative expression loss of UCN3 mRNA
(p = 7.92 9 10-13; Fig. 1).

Statistically significant lower expression of
UCN3 could also be observed for ccRCC in
comparison to normal kidney (p = 1.7 9 10-10;
Fig. 2). However, even lower expression of
UCN3 was observed in pRCC in comparison to
ccRCC (p = 0.042; Fig. 3).

Western Blot Analysis

Western blot analysis showed exemplarily a
tumor-specific signal loss of the UCN3 protein
in lane 1 (Fig. 4). b-tubulin, which even showed
a stronger staining in the tumor lane (1) than in
the normal tissue lane (2), was used as an
internal control.

UCN3 Protein Localization in Benign
Renal Tissue and ccRCC

Immunohistochemistry revealed the translation
of UCN3 mRNA in normal kidney and showed
its corresponding protein loss in ccRCC. UCN3-
positive immunostaining in normal kidney,
shown mainly in distal tubules of renal cortex,
has already been detected [4]. Here, no signal
for UCN3 could be observed in ccRCC speci-
mens (Fig. 5).

Correlation with Clinicopathological
Parameters

No correlation between UCN3 expression in all
examined tumor samples (all kidney tumors
and ccRCC, separately and combined) and dis-
ease-free survival was observed (p[ 0.05, data
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not shown). Correlations with other clinico-
pathological parameters such as sex, age, lymph
node metastasis, distant metastasis, staging,

Fig. 1 Difference plot comparison of relative UCN3 mRNA expression levels of all RCCs (TU) and adjacent normal tissue
samples (aNT) with logarithmic vertical scaling as measured by qPCR

Fig. 2 Difference plot comparison of relative UCN3 mRNA expression levels of ccRCC (TU) and adjacent normal tissue
samples (aNT) with logarithmic vertical scaling as measured by qPCR

β-tubulin
55 kDA

UCN3
18 kDA

1 2

Fig. 4 Western blotting of UCN3 in renal tumor (1) and
corresponding normal renal tissue (2). b-tubulin was used
as an internal control. Lane 1 showed no protein signal for
UCN3

Fig. 3 Bean plot comparison of relative UCN3 mRNA
expression levels of ccRCC and pRCC with logarithmic
vertical scaling as measured by qPCR
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grading, and advanced disease were not statis-
tically significant as well (p[ 0.05; data not
shown) (Fig. 6).

DISCUSSION

Here and for the first time a kidney cancer-
specific downregulation of UCN3, which is a
selective CRHR2 agonist [2], was demonstrated
using the example of the two most common
histological subtypes—ccRCC and pRCC. UCN3
mRNA was significantly downregulated in
comparison to adjacent normal renal tissue.
Expression loss of UCN3 showed no correlation
with clinicopathological parameters of this
cohort. The UCN3 protein was located in renal
tubular cells of normal kidneys, particularly in
distal tubules, whereas no immunohistochemi-
cal signals were detected in ccRCC.

Various studies have shown that members of
the CRH peptide family are regulated and pre-
sented differently in a large number of human
cancer entities [5, 12, 14]. Recently, we
demonstrated that CRHR2, which is the only
receptor known to match UCN3 [2], is not
available in the vasculature of ccRCC [5]. Those
findings were in accordance with recent
knowledge from in vivo and in vitro studies
showing that activation of CRHR2 suppresses
the neovascularization through reduction of
vascular endothelial growth factor (VEGF) pro-
duction in an upstream regulatory way
[8, 10, 11]. Excessive expression of VEGF and
VEGF receptors in ccRCC has been reported
frequently, which is in accordance with its his-
tological architecture. Furthermore, a signifi-
cant positive correlation between higher
expression of VEGF and advanced disease stages

A

C

E

B

D

Fig. 5 Double immunofluorescence of normal kidney. UCN3 localization (green; white arrows) in cytoplasm of renal
epithelial cells and nuclear counterstaining with DAPI (blue; red arrows)
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of RCC (pT3–4 and/or N?/M?) was observed
[18].

Hsu and Hsueh introduced UCN3 as a
CRHR2-selective agonist with no affinity to
CRHR1 and were the first to show its mRNA
expression in human kidney [2]. Later, Taka-
hashi et al. succeeded in detecting the UCN3
protein in normal human kidney, plasma, and
urine [4]. Presence of UCN3 in plasma and its

higher level in urine prove a regulatory role for
this peptide in tubular reabsorption and renal
circulation. It presumes that this peptide may
have a role as a circulating factor in humans [4].

A concomitant loss at genetic, protein, and
immunohistochemical levels, which were
demonstrated in the present study, and the
disruption of CRHR2 in ccRCC, which was
observed by our group lately [5], corresponds to

A
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B

D

F

G

t

t

t

nk

nk

nk

nk

Fig. 6 Immunofluorescence of normal kidney (nk) and
ccRCC (t). UCN3 immuno-signals (white arrows) in
normal kidney (a, c, e, g) and lack of immuno-positivity in
ccRCC (b, d, f). Nuclear counterstaining (blue; red

arrows) with DAPI. MUC-1 served as marker protein for
epithelial cells of distal tubules (orange; orange arrows) and
CD10 was used as marker protein for epithelial cells of
proximal tubules (yellow; yellow arrows)
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the angiogenic nature of ccRCC known as a
hypervascularized tumor—and to the inhibitory
function of UCN3 in neovascularization
through activation of CRHR2. Moreover, and as
described before, activation of CRHR2 by its
agonists inhibits the malignant cell prolifera-
tion in kidney cancer and other malignancies as
well [8–10]. Wang et al. inhibited growth of
hepatocellular carcinoma by suppressing
angiogenesis via UCN/CRHR2 activation in its
vessels. Use of a CRHR2 antagonist reversed
angiogenesis inhibition. Consequently, the role
of CRHR2 in angiogenesis was strengthened and
confirmed [11]. However, in inflammatory vas-
culature Im et al. propagated diverging effects of
CRHR1 and CRHR2 on intestinal angiogenesis.
While CRH/CRHR1 promoted inflammatory
vascular growth, UCN3/CRHR2 prevented these
processes [19, 20]. The extent to which these
results can be directly transferred to the tumor
biology of carcinomas still needs to be investi-
gated. Several causal relationships have already
been reported: Grivennikov et al. reviewed the
interaction between inflammation and tumor
and reported its critical role in carcinogenesis
[21]. Anand et al. confirmed that most tumors
are caused or promoted mainly by lifestyle
habits and environment; in the overall context,
only a small proportion of tumors are linked to
hereditary mutations [22]. These lifestyle factors
include smoking, nutrition [23], obesity [24],
infection [25], and environment [26]. Aggarwal
et al. identified chronic inflammation as a
common characteristic of all these factors [27].
Especially smoking and obesity, which can also
maintain chronic inflammation, have been
identified in numerous studies as risk factors for
the development of renal cancer and have
therefore been included as major risk factors in
the German and European guidelines for renal
cancer [28–40]. A connection between inflam-
mation and the development of cancer, also in
the case of renal cancer, seems to be obvious,
especially since the molecular mechanisms that
apparently promote or prevent tumor develop-
ment also maintain or prevent chronic inflam-
mations, in this case various members of the
CRH system. Recently, a significantly higher
expression of CRH and CRHR1 mRNA was
detected in human colon cancer cell lines

compared to an immortalized colonic epithelial
line [41]. Fang et al. linked their results to the
known involvement of CRH in inflammation by
promoting VEGF and other cytokines via
CRHR1 activation [42–44] and proclaimed a
critical role for the CRH/CRHR1 signaling
pathway in cell proliferation and tumorigenesis
of human colon cancer [41]. Interestingly, there
was a significantly lower mRNA expression of
UCN in all three tumor cell lines compared to
the normal tissue tested, although immuno-
histochemically a higher staining of UCN in
tumorous tissue compared to normal and peri-
tumoral tissue was detected as well [41]. It is
known that CRH binds to CRHR1 with an
affinity that is approximately 20-fold higher
than that of CRHR2 [41, 45, 46]. In contrast,
UCN’s receptor affinity is distributed equally
between CRHR1 and CRHR2 [1, 47–49]. To what
extent there is a difference, whether CRH or
UCN binds to CRHR1, and what role CRHBP,
which may act as a key regulator and is possibly
involved in post-translational and post-secre-
tional modifications or even subcellular
translocation of these ligands, remains to be
investigated [5–7, 50, 51].

In carcinogenesis of ccRCC, a disturbance of
the CRH system may occur at receptor and
ligand levels, which has been shown in the
present study by downregulation of UCN3
mRNA and its corresponding protein signal loss
in ccRCC—and by the disruption of its receptor
CRHR2, which was shown in our previous
studies [5]. The point at which these changes
contribute to the promotion of tumor metabo-
lism is not yet known.

Members of the CRH peptide family have
been detected in human blood and urine [4]. A
significant lower UCN3 level in urine or blood
serum compared to physiological levels might
serve as a potential biomarker for early diagno-
sis of RCC, especially when radiological differ-
entiation to benign renal tissue is critical and
biopsy takings, e.g., via surgical or interven-
tional approach, due to patients’ health condi-
tions are limited. So far, its involvement in
tumor progression according to the correlation
analysis in the present study, where there was
no correlation between UCN3 mRNA expression
level and clinicopathological parameters, seems
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to be of lesser significance. This, in turn, could
be an indication of its involvement in tumori-
genesis and emphasize its use as a potential
biomarker for screening and early diagnosis in
contrast to our last results, where a negative
correlation between CRHBP mRNA levels in
RCC and clinicopathological parameters—
meaning tumor progression—such as advanced,
metastasized, and higher stages of RCC was
observed [14]. Recently, a statistical association
between hypermethylation of CRHBP in RCC
and more aggressive tumors was detected [52].
These epigenetic changes may influence the
functional presence of CRHBP and could con-
secutively alter the receptor effects of CRHR1
and its corresponding ligands CRH and UCN.
Thus, interactions on epigenetic levels, e.g., by
epigenetic silencing of CRHBP, may also be
involved in the carcinogenesis of RCC [52]. It
suggests that different members of the CRH
system may act at specific points in the tumor
biology of RCC. While some of the peptides are
more involved in tumorigenesis, others seem to
play remarkable roles in the progression of the
disease. Of course, confirmatory studies are
necessary to support this hypothesis. In the
present study and for the first time, cancer-
specific losses of UCN3 mRNA levels and UCN3
protein signals in RCC were demonstrated.
These findings support the hypothesis of the
involvement of UCN3 in neovascularization
and promotion of renal cancer. A re-induction
of CRHR2—already mentioned in our previous
studies [5]—and an additional re-induction of
the corresponding ligand UCN3, which—based
on the now available results of the present
study—is nearly lost in ccRCC, could be a pos-
sible therapeutic approach in the suppression of
vascularization in ccRCC. In Lewis lung carci-
noma (LLC) cells these tumor-suppressing
effects have already been observed. UCN2/
CRHR2 suppressed tumor vascularization and
direct cell proliferation [10]. Another transla-
tional link by comparison of UCN3 urine and
blood levels of patients with questionable
malignancy of renal tumors and confirmed
histopathological diagnosis of RCC is of further
interest and will be tested soon.

CONCLUSION

Our data demonstrated a significant UCN3
mRNA downregulation and protein loss in
ccRCC compared to corresponding normal
renal tissue. As a naturally occurring selective
CRHR2 agonist it contributes to the suppression
of neovascularization by activating its corre-
sponding receptor CRHR2. A dysfunction of the
UCN3/CRHR2 system may be involved in
tumorigenesis and/or disease progression and
enhances the knowledge of the already shown
involvement of the CRH peptide family in the
biology of RCC.
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