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Objective: The Wnt/B-catenin pathway plays an important role in pathogenesis of variety
cancers. Most studies on changes in WNT/B-catenin pathway in renal cell carcinoma
(RCC) apply only to clear cell RCC, while there are no comparative assessments of this
signaling pathway in various histological types of renal tumors in the available literature.
Additionally, considering the close relationship between WNT/B-catenin signaling,
CacyBP/SIP and proteasomal activity, it seemed worth comparing WNT/B-catenin
pathway, CacyBP/SIP and LMP7 immunoproteasome subunit in human samples of
clear cell, papillary, and chromophobe RCC.

Methods: Tests were performed on sections of three types of kidney tumors together
with surrounding unchanged tissue fragments collected from 50 patients. Samples were
divided into three groups depending on the histological type of cancer: clear cell, papillary
and chromophobe RCC. Immunohistochemistry and PCR methods were used to identify
WNT10A, Fzd5, B-catenin, GSK-3B, CacyBP/SIP, LMP7, and gene expression.

Results: Immunoreactivity and expression of WNT10A, Fzd5, B-catenin, GSK-38,
CacyBP/SIP, LMP7 in clear cell RCC was markedly increased compared to non-
cancerous kidney tissue. In papillary RCC, immunoreactivity and expression of WNT/B-
catenin pathway, CacyBP/SIP, LMP7 was also increased compared to non-malignant
kidneys, but it was less pronounced than in clear cell RCC. The least substantial increase
in immunoreactivity and expression of WNT/B-catenin pathway, CacyBP/SIP, LMP7 was
found in chromophobe RCC, compared to other RCC histological subtypes studied.

Conclusions: Study results suggest an important role of WNT/B-catenin pathway,
CacyBP/SIP and LMP7 in RCC carcinogenesis, and may indicate new aspects of
pathomechanisms leading to differences in the biology of clear cell, papillary and
chromophobe RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) accounts for approximately 2% to 3%
of all human cancers (1). The incidence of RCC is far higher in men
who represent around two-thirds of all cases (1). Approximately
40% of RCC patients die of the disease, which makes it the third
most deadly cancer among urological tumors (1). 25% to 30% of
RCC patients are diagnosed with advanced metastatic disease and a
further 30% to 50% of individuals with primary RCC develop
metastases (2). The survival rate of patients with metastases is
around 48% in the first year and only 9% five years after diagnosis
(2). The most common histological subtypes of RCC are clear cell
RCC (66-75% of cases), papillary RCC (10-15% of cases) and
chromophobe RCC (5% cases) (1, 3). Clear cell RCC is associated
with the highest invasiveness and shortest cancer-specific survival
rate, while chromophobe RCC s related to the lowest aggressiveness
and best prognosis compared to other RCC histological subtypes (1,
3,4).

The Wnt/B-catenin signaling pathway plays an important
role in the process of carcinogenesis (5). It includes specific
Frizzled membrane receptors (Fzd), endogenous agonists—
WNT proteins as well as {3-catenin—the main effector of the
pathway (5-7). f3-catenin is a bifunctional protein since it
determines many aspects of cell physiology as a transcription
factor, i.e. proliferation, differentiation, survival and migration,
while as a membrane-bound protein, it coordinates intercellular
adhesion and is responsible for maintaining tissue architecture
(5-7). In the absence of binding of WNT ligands to Fzd
receptors, intracellular {3-catenin levels are kept very low due
to continuous degradation. The level of cytoplasmic 3-catenin is
regulated by a multi-protein complex, called the {3-catenin
destruction complex, consisting of axin, adenomatous
polyposis coli (APC), casein kinase 1 (CK1) and glycogen
synthase kinase 3 {3 (GSK-383). In this complex, $3-catenin is
phosphorylated by a dual-kinase mechanism involving CKI and
GSK-38, and then phosphorylated 3-catenin is ubiquitinated and
is directed to proteasomal degradation. Following the attachment
of the WNT ligand and activation of Fzd receptors, destruction
of $3-catenin is inhibited and the peptide accumulates in the cell.
Then 3-catenin is transferred to the nucleus, where it regulates
the expression of target WNT genes (5-7).

Increased activity of the WNT/B-catenin pathway has been
found in various types of cancer such as colorectal cancer,
hepatocellular carcinomas, melanoma, lung cancer, leukemia,
bladder cancer, breast cancer, ovarian cancer and cervical cancer
(8,9). It has been demonstrated that the WNT/B-catenin pathway
is involved in the pathogenesis and progression of RCC, tumor
angiogenesis and invasive behavior of transformed cells (6).
Several clinical and experimental studies have shown increased
expression of WNT proteins and Fzd receptors, as well as
increased content of B-catenin in RCC (6-12). Literature data
also indicate shorter survival for RCC patients who have been
found to have increased expression of WNT proteins or
accumulated B-catenin in tumor tissue (9-11). Therefore,
hyperactivation of WNT/B-catenin signaling may be of clinical
significance in RCC (9-11). Genetic silencing of the WNT/j-

catenin pathway in RCC cell lines has been demonstrated to result
in inhibition of proliferation and migration, induction of apoptosis
and increase of cancer cells sensitivity to chemotherapy (11).

Some recent evidence suggests that GSK-383, a key kinase of
the aforementioned B-catenin destruction complex, may also be
a promising therapeutic target in RCC (13). Increased GSK-313
content has been found in human RCC samples and cultured
RCC cell lines (13-15). Genetic or pharmacological inhibition of
GSK-38 contributes to cell cycle arrest and reduces viability of
RCC cell lines (13-15).

An alternative pathway of B-catenin degradation with
participation of the CacyBP/SIP protein (Calcyclin-binding
protein/Siah-1-interacting protein) has recently been
discovered (16). CacyBP/SIP is a multi-domain protein that
interacts with a wide range of intracellular molecules, including
ubiquitin ligases components Siah-1 (seven in absentia homolog-
1) and Skpl (S-phase kinase associated protein 1). CacyBP/SIP
attaches to Siah-1 and Skpl, stabilizes the ubiquitin ligase
complex and promotes the degradation of non-phosphorylated
[-catenin (16). Independent scientific centers have indicated the
importance of CacyBP/SIP in the process of cancer formation.
Abnormal CacyBP/SIP levels have been found in pancreatic
cancer, gastric cancer, colorectal cancer, osteogenic sarcoma,
melanoma, kidney cancer, breast cancer, brain cancer (16).

It has been shown that CacyBP/SIP can act as a tumor
suppressor or an oncogen depending on the type of cancer
(16-18). Decreased CacyBP/SIP expression has been found in
samples taken from patients with RCC as well as in several RCC
lines (19). Forced overexpression of CacyBP/SIP in RCC cell
lines has been shown to reduce the proliferative potential of
cancer cells in vitro and their carcinogenicity when injected into
mice (19).

The body’s immune system constantly attacks and destroys
cancer cells that form. Disturbances in antigen presentation on cell
surfaces have been found in various types of cancers, which may be
a mechanism for avoiding recognition and destruction by the
immune system (20-22). The crucial role in antigen processing is
played by immunoproteasomes involved in the production of
antigenic peptides and the major histocompatibility complex class
I (MHC 1), which is responsible for presentation of antigens to
immunologically competent cells (20-22). Studies on patients with
RCC have shown reduced expression of both immunoproteasomes
and MHC I in malignant kidney samples. These findings indicate
that in RCC cells, tumor antigen presentation may be inhibited in
order to avoid an anti-tumor immune response (20-22).

Most studies on changes in the WNT/B-catenin pathway in
RCC focus only on clear cell RCC, while there is no published
literature on the comparative assessment of this signaling
pathway in different histological types of RCC (6-12).
Additionally, considering the close relationship between WNT/
[-catenin signaling, CacyBP/SIP and proteasomal activity, it
seemed worth comparing the WNT/B-catenin pathway,
CacyBP/SIP and LMP7 immunoproteasome subunit in human
samples of clear cell, papillary and chromophobe RCC.

The aim of this study is immunohistochemical evaluation and
comparison of the expression of the WNT10A, Fzd5, B-catenin,
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GSK-38, CacyBP/SIP, and LMP7 genes in human kidney cancer
tissue in different histological types of RCC.

MATERIAL AND METHODS

Sample Collection

The research was conducted on postoperative material collected
from fifty patients of Department of Urology, Medical University
of Bialystok, operated on for kidney cancer. The study protocol
was approved by the Bioethics Committee, Medical University of
Bialystok (R-I-002/282/2019) and prior written informed
consent was obtained from each subject.

The research material were fragments of RCC lesions obtained
during radical or partial nephrectomy. The comparative material
were fragments of surrounding unchanged kidney tissue
(margins). All RCC lesions were at the same grade G2, except
for chromophobe RCC in which grading system is not applicable.
Obtained malignant and non-cancerous kidney tissues were
immediately fixed in Bouin’s solution and routinely embedded
in paraffin or placed in RNA-later solution (AM7024 Thermo
Fischer) and stored in —80°C.

The subjects were divided into 3 groups, depending on the
histological type of cancer: clear cell RCC (35 cases), papillary
RCC (12 cases) and chromophobe RCC (3 cases).

Renal paraffin blocks were cut into 4 pm section thickness and
then stained with hematoxylin-eosin for general histological
examination and processed by immunohistochemistry to detect
WNT10A, Fzd5, B-catenin, GSK-383, CacyBP/SIP, and LMP?7.
Material stored in RNA-later solution was processed by real-time
PCR to evaluate the expression of genes coding WNT10A, Fzd5,
[3-catenin, GSK-3{3, CacyBP/SIP, and LMP?7.

Immunohistochemistry

In the immunohistochemical study, the EnVision method was used
according to Herman and Elfont (23). Immunohistochemistry was
performed, using an REAL"" EnVision'" Detection System,
Peroxidase/DAB, Rabbit/Mouse detection kit (K5007;
DakoCytomation; Glostrup, Denmark). Immunostaining was
performed by the following protocol: paraffin-embedded sections
were deparaffinized and hydrated in pure alcohols. For antigen
retrieval, the sections were subjected to pretreatment in a pressure
chamber heated for 1 min at 21 psi (one pound force per square inch
(1 psi) equates to 6.895 kPa, the conversion factor has been provided
by the United Kingdom National Physical Laboratory) at 125°C,
using Target Retrieval Solution Citrate pH=6.0 S 2369
(DakoCytomation; Glostrup, Denmark) for WNT104, Fzd5, B-
catenin, CacyBP/SIP and LMP7 and Target Retrieval Solution pH =
9.0 for GSK-383. After cooling down to room temperature, the
sections were incubated with Peroxidase Blocking Reagent S 2001
(DakoCytomation; Glostrup, Denmark) for 10 min to block
endogenous peroxidase activity. Subsequently sections were
incubated with primary antibody for WNTI10A (Rabbit
polyclonal to Wnt10a ab106522 Abcam), Fzd5 (Rabbit polyclonal
to Frizzled 5 ab115204 Abcam), 3-catenin (Recombinant Anti-beta
Catenin antibody (E247) ab32572 purchased from Abcam), GSK-

383 (Rabbit monoclonal (EPR933Y) to GSK3 (alpha + beta)
(phospho Y216 + Y279) ab68476 Abcam), CacyBP/SIP (Rabbit
polyclonal to CacyBP ab190950 Abcam) and LMP7 (mouse
monoclonal antibody to LMP7, PW8845, purchased from
Biomol). All antibodies were previously diluted in Antibody
Diluent Background Reducing (S 3022 DakoCytomation;
Glostrup, Denmark) in relation 1:1000 for WNT10A antibody,
1:150 for Fzd5 antibody, 1:2000 for B-catenin antibody, 1:100 for
GSK-38 antibody, 1:600 for CacyBP/SIP antibody and 1:5000 for
LMP?7 antibody. Sections with WNT10A-, Fzd5-, B-catenin-, GSK-
313-, CacyBP/SIP-,and LMP7-antibody were incubated overnight at
4°C (incubation performed in a humidified chamber). The
procedure was followed by incubation with secondary antibody
(conjugated to horseradish peroxidase-labeled polymer). The
bound antibodies were visualized by 1-min incubation with liquid
3,3’-diaminobenzidine substrate chromogen. The sections were
finally counterstained in hematoxylin QS (H-3404, Vector
Laboratories; Burlingame, CA), mounted, covered and evaluated
under a light microscope. Appropriate washing with Wash Buffer (S
3006 DakoCytomation; Glostrup, Denmark) was performed
between each step.

Specificity tests performed for WNT10A-, Fzd5-, B-catenin-,
GSK-383-, CacyBP/SIP, and LMP?7 included a negative control in
which the antibodies were replaced by normal rabbit serum
(Vector Laboratories; Burlingame, CA) with appropriate
dilution. All these controls were negative.

Histological preparations were visually analyzed using an
Olympus BX43 light microscope (Olympus 114 Corp., Tokyo,
Japan) with an Olympus DP12 digital camera (Olympus 114
Corp., Tokyo, Japan) and documented.

Quantitative Analysis

Twelve sections of malignant lesion and twelve section of non-
cancerous kidney tissue were examined from each subject (two
section for each WNT10A-, Fzd5-, B-catenin-, GSK-38-,
CacyBP/SIP- and LMP7-immunostaining). Five randomly
selected microscopic fields (each field 0.785 mm?, 200x
magnification (20x lens and 10x eyepiece)) from each kidney
section were documented using an Olympus DP12 microscope
camera. Each obtained digital image of the kidney section was
morphometric evaluated using NIS Elements AR 3.10 Nikon
software for microscopic image analysis.

The intensity of the immunohistochemical reaction for all the
antibodies used in the study was measured on each image
analyzed and determined using a gray scale level 0 to 255,
where the value of the completely white or bright pixel is 0,
while the completely black pixel is 255.

Real-Time PCR

Samples of kidney cancer and non-malignant renal tissue (1 cm?)
were taken from each patient and placed in an RNA-later solution.
Total RNA was isolated using NucleoSpin® RNA Isolation Kit
(Machery-Nagel). Quantification and quality control of total RNA
was determined using a spectrophotometer - NanoDrop 2000
(ThermoScientific). An aliquot of 1 ug of total RNA was reverse
transcribed into cDNA using iScript' " Advanced cDNA Synthesis
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Kit for RT-qPCR (BIO-RAD). Synthesis of cDNA was performed
in a final volume of 20 pl using an Thermal Cycler (Model SureCycler
8800, Aligent Technologies). For reverse transcription, the mixtures
were incubated at 46°C for 20 min, then heated to 95°C for 1 min and
finally cooled quickly at 4°C. Quantitative real-time PCR reactions
were performed using Stratagene Mx3005P (Aligent Technologies)
with the SsoAdvanced"" Universal SYBER® Green Supermix (BIO-
RAD). Specific primers for WNT10A (WNTI10A), Fzd5 (FZD5), B-
catenin (CTNNBI), GSK-38 (GSK3B), CacyBP/SIP (CACY BP),
LMP7 (PSMBS8), and GAPDH (GAPDH) were designed by BIO-
RAD Company. The housekeeping gene GAPDH (GAPDH) was
used as a reference gene for quantification. To determine the amounts
oflevels of test genes expression, standard curves were constructed for
each gene separately with serially diluted PCR products. PCR
products were obtained by cDNA amplification using specific
primers as follows: WNTI0A (qHsaCED0044646, BIO-RAD),
FZD5 (qHsaCJD0034589, BIO-RAD), CTNNBI
(qHsaCED0046518, BIO-RAD), GSK3B (qHsaCED0057061, BIO-
RAD), CACY BP (qHsaCEDO0043669, BIO-RAD), PSMBS8
(qHsaCED0037294, BIO-RAD), and GAPDH (qHsaCED0038674,
BIO-RAD). gRT-PCR was carried out in a doublet in a final volume
of 20 ul under the following conditions: 2 min polymerase activation
at 95°C, 5 s denaturation at 95°C, 30 s annealing at 60°C for 35 cycles.
PCR reactions were checked, including no-RT-controls, omitting of
templates, and melting curve to ensure only one product was
amplified. The relative quantification of gene expression was
determined by comparing Ct values using the AACt method. All
results were normalized to GAPDH.

Statistical Analysis

All data were analyzed for statistical significance using the
Statistica version 12.0 computer software package. The mean
values were computed automatically; significant differences
were determined by one-way ANOVA test; p < 0.05 was
considered significant.

RESULTS

Baseline characteristics of patients with RCC, including the
proportion of men and women, mean values of age, minimal
and maximal value of age are presented in Table 1. Men consisted
almost two-thirds of studied RCC cases. Patients with RCC
belonged to middle-age group, most of the cases concerned
individuals in the fifth or sixth decade of life (Table 1).

Immunohistochemistry
A positive immunohistochemical reaction for WNT10A, Fzd5, B-
catenin, GSK-313, CacyBP/SIP, and LMP7 was observed in all
studied kidneys tissues, although the intensity of immunoreaction
varied between non-malignant kidney and RCC tissue samples,
depending on the histological type of the tumor (Figures 1-6).

In an unchanged kidney, there was a weak or moderate
immune response against WNT10A in the renal tubules and

TABLE 1 | Characteristic of patients with clear cell, papillary and chromophobe
RCC.

Group of patients  Proportion Proportion Age [years]
of men of women
Mean Min Max
Overall 32/50 18/50 66.2+ 130 40 87
Clear cell RCC 20/35 15/35 67.0+132 43 87
Papillary RCC 10112 2/12 62.1 +6.10 40 82
Chromophobe RCC 2/3 1/3 59.3+2.08 56 63

very delicate WNT10A immunostaining in the glomeruli (Figure
1A). Considerably stronger immunoreactivity for WNT10A was
found in clear cell RCC compared to non-malignant tissue
(Figure 1B). In papillary RCC, WNT10A immunoreactivity
was also increased compared to non-cancerous kidney, but to a
lesser degree than in clear cell RCC (Figure 1C). There were no
noticeable differences in the intensity of WNT10A immunostaining
between chromophobe RCC and non-malignant tissue
(Figure 1D).

Immunodetection of Fzd5 in non-malignant kidney resulted
in medium or bright brown staining of the renal tubules and
weak reactivity in the glomeruli (Figure 2A). The intensity of
reaction against Fzd5 was significantly higher in RCC tissue
(Figures 2B-D) compared to unchanged kidney. The highest
immunoreactivity for Fzd5 was observed in clear cell RCC
(Figure 2B), while the lowest increase in Fzd5 intensity was
observed in chromophobe RCC in comparison to other
histological types of RCC studied (Figure 2D).

Immunohistochemistry showed the presence of B-catenin
in the renal tubules of non-cancerous kidney tissue. Distal
tubules showed moderate B-catenin immunolabeling, while in
proximal tubules the reaction against 3-catenin was weak (Figure
3A). In clear cell RCC, significantly increased immunoreactivity of
[3-catenin was observed compared to non-cancerous control. The 3
catenin immunosignal was very strong and located mainly in the
peripheral area of malignant cells cytoplasm (Figure 3B). A
significant increase in P-catenin immunoreaction was also
observed in papillary RCC (Figure 3C), although the observed
intensification of B-catenin reactivity was lower than in clear cell
RCC. In chromophobe RCC, the intensity of B-catenin staining was
also stronger compared to unchanged renal tissue, but the observed
change in B-catenin immunoreactivity was least pronounced in
comparison with other studied histological types of RCC
(Figure 4D).

Antisera against GSK-33 moderately immunostained renal
tubules and glomeruli in non-malignant kidney (Figure 4A).
GSK-3f3 immunoreaction was noticeably increased in clear cell
RCC (Figure 4B) compared to non-malignant kidney. In papillary
RCC (Figure 4C) and chromophobe RCC (Figure 4D), intensity of
GSK-3f3 immunoreactivity was lower compared to clear cell RCC
and did not differ from that observed in unchanged kidney.

CacyBP/SIP immunostaining in non-cancerous kidney
revealed its location in the renal tubule system and glomeruli. In
the distal tubules, moderate immunoreaction against CacyBP/SIP
was observed, whereas in the proximal tubules and glomeruli,
immunoreactivity for CacyBP/SIP was weak (Figure 5A). A much
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FIGURE 1 | Immunoidentification of WNT10A in non-malignant kidney (A) and clear cell RCC (B), papillary RCC (C), chromophobe RCC (D).

FIGURE 2 | Immunodetection of Fzd5 in non-malignant kidney (A) and clear cell RCC (B), papillary RCC (C), chromophobe RCC (D).
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FIGURE 3 | Positive B-catenin immunostaining in distal (arrowheads) and proximal (arrows) tubules of non-malignant kidney (A). Results of B-catenin immunostainig
in clear cell RCC (B), papillary RCC (C), chromophobe RCC (D).

FIGURE 4 | Immunolabeling of GSK-3B in non-malignant kidney (A) and clear cell RCC (B), papillary RCC (C), chromophobe RCC (D).
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FIGURE 5 | Immunohistochemical reaction determining CacyBP/SIP in non-malignant kidney (A) and clear cell RCC (B), papillary RCC (C), chromophobe RCC (D).

FIGURE 6 | Representative immunohistochemical photomicrographs of LMP7 in non-malignant kidney (A) and clear cell RCC (B), papillary RCC (C), chromophobe

RCC (D).
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stronger intensity of the CacyBP/SIP immunosignal was observed
in clear cell RCC, as compared to unchanged renal tissue (Figure
5B). Immunohistochemical reaction against CacyBP/SIP in
papillary RCC (Figure 5C) and chromophobe RCC (Figure 5D)
was weaker compared to clear cell RCC and was similar to that in
non-cancerous control tissue.

Immunoidentification of LMP7 in non-cancerous kidney tissue
gave a weak response in the proximal tubules and moderate
reactivity in the distal tubules and glomeruli (Figure 6A).
Greater immunoreactivity for LMP7 was noted in clear cell RCC
compared to unchanged kidney (Figure 6B). Immunostaining of
LMP7 in papillary RCC (Figure 6C) and chromophobe RCC
(Figure 6D) was increased compared to non-malignant renal
tissue, although it was lower than in clear cell RCC.

Quantitative Analysis

The results of densimetric tests confirmed visually perceptible
differences in the intensity of immunoreaction against WNT10A,
Fzd5, B-catenin, GSK-38}, CacyBP/SIP, and LMP7 between
studied histological types of RCC and non-cancerous control
samples (Table 2).

Real-Time PCR

QRT-PCR analysis revealed a significant increase in the
expression of the WNT10A, Fzd5, B-catenin, GSK-38, CacyBP/
SIP, and LMP7 genes in clear cell RCC compared to non-
malignant kidney. Similarly, noticeably increased expression of
the tested genes was found in papillary RCC compared to
unchanged renal tissue, but the observed increase was smaller
than in clear cell RCC. The weakest expression of the analyzed
genes was observed in chromophobe RCC compared to other
studied histological types of RCC. Expression of WNT10A, GSK-
33, and LMP7 in chromophobe RCC was marginally elevated
compared to non-cancerous control, while expression of the
Fzd5, B-catenin and CacyBP/SIP genes remained at the level
observed in unchanged kidney (Figure 7 and Table 3).

DISCUSSION

According to the latest data from the International Agency for
Research on Cancer, approximately 403,000 new cases of kidney

cancer were diagnosed globally in 2018 (24). Kidney cancer is the
ninth and fourteenth most common malignancy in men and
women, respectively (25). Each year, between 150 and 175,000
patients die from this cancer, which ranks it third in terms of
mortality among urological cancer (1, 24, 25). Advancing our
knowledge of the mechanisms involved in RCC pathogenesis is
necessary for improving the effectiveness of prevention and
treatment of this malignant disorder.

Considering the important role of the Wnt/f3-catenin
pathway in carcinogenesis and the close relationship between
WNT/B-catenin signaling, CacyBP/SIP and proteasomal activity,
it seemed worthwhile to undertake research aimed at comparing
the WNT/B-catenin pathway, CacyBP/SIP and LMP7
immunoproteasome in human samples of different RCC
histological types.

In presented study were examined 50 patients with various
histological types of RCC: 35 with clear cell RCC, 12 with
papillary RCC, 3 with chromophobe RCC. Men represented
almost two-third of the studied RCC cases, which is consistent
with literature data indicating on higher incidence of RCC in
men than in women (1). Our study showed markedly increased
immunoreactivity for WNT10A, Fzd5, B-catenin, GSK-38,
CacyBP/SIP, and LMP7 in clear cell RCC compared to
unchanged kidney tissue. In papillary RCC, immunoreactivity
of the tested antibodies (except GSK-3f3 and CacyBP/SIP) was
also increased compared to non-malignant kidney, but it was
weaker than in clear cell RCC. Reaction intensity for GSK-3f3 and
CacyBP/SIP in papillary RCC was comparable to that observed
in non-malignant kidney. Immunoreactivity of the tested
antibodies in chromophobe RCC was at the level observed in
non-cancerous kidney cells and only for the Fzd5, 3-catenin and
LMP7 antibodies was it marginally stronger compared to control
samples. Gene expression analysis confirmed the results obtained
in immunohistochemical reactions.

Alterations in Wnt/8-catenin pathway activity in RCC have
been revealed in several previous investigations. Hsu et al. (11)
demonstrated significantly increased expression of the WNTI10A
gene in RCC lines and in tissues of human RCC compared to non-
cancerous control samples. In subsequent immunohistochemical
studies, the authors also found increased content of WN10A and
[-catenin in human RCC compared to normal renal tissue (11).

TABLE 2 | The intensity of immunoreaction determining WNT10A, Fzd5, B-catenin, GSK-3B, CacyBP/SIP, LMP7 in clear cell RCC, papillary RCC, chromophobe RCC,

and non-malignant renal tissue (mean + SE).

Group of patients

Intensity of immunohistochemical reaction in kidneyScale from 0 (white pixel) to 255 (black pixel)

WNT10A Fzd5 B-catenin GSK-38 CacyBP/SIP LMP7
Control 76.0 £ 2.93 95.1 + 2.01 101.4 £ 2.17 107.4 £ 2.17 86.2 + 3.40 95.5 + 154.9
Clear cell RCC 152.2 + 4.62°1 185.0 + 2.60% 167.1 £ 2.71% 144.6 + 2.90% 131.1 = 3.58°%" 154.9 + 3.04%
Papillary RCC 113.5 + 5,007 o 154.9 + 54271 ©4 134.6 + 3.39%1 P4 110.5 + 2.35° 79.7 + 2.10% 114.4 + 2.1971 ©4
Chromophobe RCC 73.7 £ 2.30° 121.1 £ 2,828 et b 119.8 + 3.03%1 ¢ o 107.1 + 2.55% 79.7 + 2.63% 114.3 + 2.46%"

4 < 0.05—RCC vs control kidney.

Pp < 0.05—papillary RCC vs clear cell RCC.

°p < 0.05—chromophobe RCC vs clear RCC.

9p < 0.05—chromophobe RCC vs papillary RCC.
t—Intensification of immunohistochemical reaction.
|—weakening of immunohistochemical reaction.
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Expression of genes coding WNT10A, Fzd5, 3-catenin, GSK-3R, CacyBP/SIP, LMP7
in different histological types of RCC
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FIGURE 7 | Expression of genes coding WNT10A, Fzd5, B-catenin, GSK-3B, CacyBP/SIP, LMP7 in clear cell RCC, papillary RCC, chromophobe RCC and non-
malignant renal tissue.

TABLE 3 | The expression of genes coding WNT10A, Fzd5, B-catenin, GSK-3B, CacyBP/SIP, LMP7 in clear cell RCC, papillary RCC, chromophobe RCC and non-

malignant renal tissue (mean + SE).

Group of Patients

The expression of genes coding WNT10A, Fzd5, B-catenin, GSK-3B, CacyBP/SIP, LMP7 in kidney

WNT10A Fzd5 B-catenin GSK-38 CacyBP/SIP LMP7
Control 0.32 + 0.084 0.11 £ 0.019 0.72 + 0.086 0.71 £0.117 0.61 + 0.004 0.46 + 0.060
Clear cell RCC 9.60 + 1.889% 0.56 + 0.069%" 1.88 + 0.163% 3.97 + 0.666°" 2.81 +0.374% 3.39 + 0.562%
Papillary RCC 1.84 + 0.300%" P+ 0.28 + 0.033%" ©* 1.24 +0.18971 4 1.95 + 0.16471 4 1.37 £ 0.111%1 B4 1.68 + 0.276%

Chromophobe RCC 1.08 + 0.115°1 ot

0.11 + 0.001% 9

0.79 + 0.185%

1.46 + 0.280°1 o+ 4t

0.69 + 0.275% %

0.88 + 0.130%"

4 < 0.05—RCC vs control kidney.

bp < 0.05—papillary RCC vs clear cell RCC.

°p < 0.05—chromophobe RCC vs clear RCC.

9p < 0.05—chromophobe RCC vs papillary RCC.
t—increased expression of gene.

|—decreased expression of gene.

Janssens et al. (12) revealed increased expression of some Fzd
receptors in human RCC samples, including Fzd5 compared to a
healthy kidney. Subsequent Western blot analysis confirmed the
increase in Fzd5 content in kidney cancer compared to a healthy
kidney (12). Liuetal. (9) demonstrated enhanced levels of B-catenin
in the blood of patients with RCC in comparison to healthy
individuals. Similarly, the authors noted increased expression of
the B-catenin gene and elevated peptide content in RCC samples
compared to non-malignant renal tissue (9). Other studies have
shown elevated level of GSK-388 in human RCC samples and
cultured RCC cell lines, as compared to non-cancerous control
samples (13). The reports mentioned above describe changes in

WNT/B-catenin signaling only in clear cell RCC. To the best of
our knowledge, the present study is the first comparative
assessment of this signaling pathway in various histological
types of RCC.

The proliferative potential of cancer cells reflects tumor
aggressiveness and is strongly correlated with clinical
prognosis. Mehdi et al. (26) examined proliferation rates in
various histological types of RCC using Ki-67 and mini-
chromosome maintenance 2 (MCM-2) markers. The study
showed an increased level of proliferative markers in all
samples of RCC, wherein in clear cell RCC the proliferation
index was the most enhanced compared to papillary RCC and
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chromophobe RCC (26). Several in vitro studies have
demonstrated that the WNT/B-catenin pathway plays an
important role in regulating the proliferation of kidney cancer
cells. Hsu et al. (11) stated that forced overexpression of
WNT10A in RCC cell lines resulted in enhanced proliferation
and invasion of malignant cells, while silencing WNT10A and
the B-catenin gene leads to cell cycle arrest and reduced renal
cancer cell migration. Yang et al. (27) genetically suppressed the
expression of Fzd8 receptors in RCC cell lines and noticed lower
proliferative potential in cancer cells with knocked-down Fzd8
gene compared to those without modification. Von Schulz-
Hausmann et al. (28), Koller, et al. (29), and Sasamura et al.
(30) demonstrated that incubation of renal cancer cell cultures
with WNT/B-catenin signaling inhibitors slowed the
proliferation of neoplastic cells. Bilim et al. (13), Kawazoe et al.
(14) and Pal et al. (15) found that inactivation of the GSK-383
gene or treatment with GSK-383 inhibitors reduced the
proliferation of cultured RCC cells. In subsequent studies, the
scientists injected renal cancer cells into mice subcutaneously
and investigated the effect of pharmacological inhibition of GSK-
383 on tumor growth. They noticed that in mice that received
GSK-38 inhibitors, the tumor grew slower than in untreated
animals (13-15). Considering the above, greater proliferative
potential of cancer cells in clear cell RCC compared to other RCC
histological subtypes might be associated with the highest
increase in the WNT/B-catenin pathway observed in clear cell
RCC as compared to papillary RCC and chromophobe RCC.

WNT/B-catenin signaling is also implicated in controlling
renal cancer cell survival. Activation of the WNT/B-catenin
pathway inhibits cell apoptosis by reducing the release of
cytochrome ¢ from mitochondria and decreasing caspase levels
(31). RCC cells with forced WNT10A overexpression have been
shown to be more resistant to the cytotoxic effects of
chemotherapy drugs (11). Conversely, suppression of WNT10A
and [-catenin expression in RCC cells increases their susceptibility
to chemotherapy (11). Silencing the Fzd8 receptor gene in cultured
RCC cells significantly reduces their viability compared to cells
with unmodified Fzd8 receptor expression (27). Similarly,
treatment of RCC cells with WNT/pB-catenin signaling inhibitors
negatively affects their vitality (28-30). Genetic or
pharmacological inhibition of GSK-38 in RCC cells leads to
cancer cell apoptosis, causing disturbances in intracellular
energy homeostasis, downregulation of anti-apoptotic proteins
and activation of caspases (13-15). Our research results indicate
that in RCC, the WNT/B-catenin signaling pathway is activated
with varying degrees of intensity depending on the type of cancer.
Our findings may suggest differences in the regulation of signaling
pathways determining the survival of malignant cells in examined
histological subtypes of RCC.

Clinical data indicate far more frequent occurrence of
metastases in clear cell RCC and papillary RCC in comparison
to chromophobe RCC (3, 4). Neoplastic cells become invasive
and spread from the primary site when they lose their
intercellular connection and detach from surrounding cells
(32). The basic components of cell-cell junctions are cadherins
(32). Langner et al. (33), Kuehn et al. (34) and Shen et al. (35)

evaluated immunohistochemically cadherin expression in
human RCC tissues. These studies revealed positive
immunostaining for cadherins only in a small percentage of
clear cell RCC and papillary RCC samples, while in almost all
cases of chromophobe RCC immunoreactivity for cadherins was
observed (33-35). Gerharz et al. (36) described the
ultrastructural aspects of cancer cells in various histological
types of RCC and found that desmosomal junctions were
rarely seen in clear cell RCC and papillary RCC, while in
chromophobe RCC, typical desmosomes density was observed.
The above findings indicate relatively undisturbed interactions
between cells in chromophobe RCC, and significant disruption
in the intercellular junction in clear cell RCC and papillary RCC.
B-catenin plays a fundamental role in two different cellular
processes: Wnt-mediated transcription activation and
coordination of intercellular junctions by forming complexes
with membrane cadherins (37). Proper balancing between the
transcriptional and adhesive activity of -catenin is crucial for
maintaining cell function (37). In the state of chronic
overactivation of the WNT/B-catenin pathway, -catenin may
be directed to transcriptional gene regulation at the expense of
binding P-catenin to cadherin and its participation in
intercellular adhesion. In view of the above, it might be
suspected that, there are less severe disorders in intercellular
junctions in chromophobe RCC compared to clear cell RCC and
papillary RCC due to different intensity of changes in WNT/f3-
catenin signaling in the studied histological subtypes of RCC.
Hence, different degrees of alteration in WNT/B-catenin
signaling between clear cell RCC, papillary RCC and
chromophobe RCC revealed in our study can provide a
possible explanation for the distinct invasive behavior of the
examined histological types of RCC.

The histological RCC subtype is an important clinical
prognostic factor. In patients with clear cell RCC, prognosis is
worse than in patients with papillary RCC and chromophobe
RCC. The 5-year survival rate in clear cell RCC is 43% to 89%,
while in papillary RCC and chromophobe RCC, it is 57% to 86%
and 76% to 100%, respectively (3, 4). Some recent evidence has
demonstrated a significant relationship between WNT/B-catenin
signaling and the survival of patients with RCC. It has been
revealed that higher serum B-catenin levels and increased
content of WNT10 and [-catenin in cancer tissue are
associated with higher mortality due to RCC (9, 11). It may be
hypothesized that greater activation of the WNT/B-catenin
pathway in clear cell RCC in comparison to papillary RCC and
chromophobe RCC, as stated in the present report, might be the
mechanism responsible for a worse prognosis in clear cell RCC
compared to other examined histological subtypes of RCC.

Recent literature data indicates abnormal levels of CacyBP/SIP
in various types of cancer such as gastric cancer, breast cancer,
pancreatic cancer, colorectal cancer and brain cancer (16-18).
However, there is only one report in the available literature on
changes in CacyBP/SIP in renal cancer and therefore the role of
this peptide in RCC cancerogenesis is not fully understood (19).
Sun et al. (19) showed decreased CacyBP/SIP immunoreactivity
and reduced CacyBP/SIP gene expression in human RCC samples
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and RCC cell lines compared to non-cancerous control tissue
samples. On the contrary, our study revealed an intensified
CacyBP/SIP immunostaining and increased CacyBP/SIP gene
expression in human RCC tissue compared to non-cancerous
kidney. This discrepancy may be due to differences in the methods
used. The role of CacyBP/SIP in cancer progression appears to be
contradictory - it has been shown to either promote or inhibit the
proliferation and invasiveness of cancer cells, depending on the
type of cancer (16-19). Investigation by Sun et al. (19)
demonstrated, that injecting mice with CacyBP/SIP
overexpressing RCC cells reduces their proliferative potential
and carcinogenicity. Similar tumor-suppressory effect of
CacyBP/SIP was stated in studies on gastric cancer, breast
cancer and astrocytoma. On the other hand oncogene role of
CacyBP/SIP was demonstrated in pancreas cancer and glioma. In
colorectal cancer, CacyBP/SIP has been shown to reduce
proliferation while enhancing the invasion and migration of
cancer cells (16, 18). Considering current incomplete state of
knowledge about role of CacyBP/SIP in RCC cancerogenesis,
more research needs to be done to determine precisely the
consequences of CacyBP/SIP alterations in RCC cancer.

Recent investigations have shown that in RCC cancer
interferes the presentation of antigens on the cell surface to
avoid being recognized and destroyed by the immune system
(20-22). The antigen presentation process involves
immunoproteasomes that produce antigenic peptides and
MHC I complexes that exhibit surface antigens for
immunologically competent cells (20-22). Seliger et al. (20, 21)
and Atkins et al. (22) demonstrated significant downregulation
of MHC complexes in human RCC. The authors also
demonstrated weakened or negative LMP7 immunosignaling in
a large proportion of human RCC samples studied, revealing
immunoproteasomes expression deficiency in RCC cancer (20-
22). It has been proposed that observed abnormalities in the
expression of MHC I and LMP7 in RCC tissue contribute to the
suppression of tumor antigen presentation and may be a
mechanism of immune escape in RCC cancer (20-22).

In contrast to the findings presented above, our report
showed stronger immunostaining for LMP7 and increased
expression of the LMP7 gene in RCC human tissue compared
to a healthy kidney. Malignant cells have uncontrolled
proliferative potential and enhanced metabolism, and therefore
are more likely to accumulate defective proteins (38). Therefore,
accelerated proteasomal activity has been found in many types of
cancer in response to increased demand for protein turnover

REFERENCES

1. Muglia VF, Prando A. Renal cell carcinoma: histological classification and
correlation with imaging findings. Radiol Bras (2015) 48:166-74.
doi: 10.1590/0100-3984.2013.1927

2. Sadler GJ, Anderson MR, Moss MS, Wilson PG. Metastases from renal cell
carcinoma presenting as gastrointestinal bleeding: two case reports and a review
of the literature. BMC Gastroenterol (2007) 7:4. doi: 10.1186/1471-230X-7-4

3. Delahunt B, Bethwaite PB, Nacey JN. Outcome prediction for renal cell carcinoma:
evaluation of prognostic factors for tumours divided according to histological
subtype. Pathology (2007) 39:459-65. doi: 10.1080/00313020701570061

(38). Perhaps the greater immunoreactivity of LMP7 and
increased expression of the LMP7 gene in RCC tissue observed
in our study, compared to unchanged kidney tissue, may be
associated with increased proteasomal processing of proteins in
malignant cells.

In summary, our report shows significant alterations in the
level and expression of the WNT/B-catenin pathway, CacyBP/
SIP and LMP7 genes in human RCC tissues, which were
dependent on the histological type of the tumor. The results of
the study suggest an important role of the WNT/B-catenin
pathway, CacyBP/SIP and LMP7 in RCC carcinogenesis and
may indicate new aspects of pathomechanisms leading to
differences in the biology of clear cell, papillary, and
chromophobe RCC.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Bioethics Committee, Medical University of
Bialystok (R-1-002/282/2019). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

IK and ZP: conceived of and designed the experiments. ZP, MA,
MN, and GM: analyzed the data. IK, MA, MN, and GM: contributed
reagents/materials/analysis tools. Writing—original draft
preparation: ZP. Writing—review and editing: IK. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was supported by statutory funds from the Medical
University of Bialystok.

4. Gudbjartsson T, Hardarson S, Petursdottir V, Thoroddsen A, Magnusson J,
Einarsson GV. Histological subtyping and nuclear grading of renal cell
carcinoma and their implications for survival: a retrospective nation-wide
study of 629 patients. Eur Urol (2005) 48:593-600. doi: 10.1016/
j.eururo.2005.04.016

5. Polakis P. Wnt signaling in cancer. Cold Spring Harb Perspect Biol (2012) 4:
pii: a008052. doi: 10.1101/cshperspect.a008052

6. Pulkkinen K, Murugan S, Vainio S. Wnt signaling in kidney development and
disease. Organogenesis (2008) 4:55-9. doi: 10.4161/org.4.2.5849

7. Xu Q, Krause M, Samoylenko A, Vainio S. Wnt Signaling in Renal Cell
Carcinoma. Cancers (Basel) (2016) 8:pii: E57. doi: 10.3390/cancers8060057

Frontiers in Oncology | www.frontiersin.org

November 2020 | Volume 10 | Article 566637


https://doi.org/10.1590/0100-3984.2013.1927
https://doi.org/10.1186/1471-230X-7-4
https://doi.org/10.1080/00313020701570061
https://doi.org/10.1016/j.eururo.2005.04.016
https://doi.org/10.1016/j.eururo.2005.04.016
https://doi.org/10.1101/cshperspect.a008052
https://doi.org/10.4161/org.4.2.5849
https://doi.org/10.3390/cancers8060057
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Piotrowska et al.

WNT/B-Catenin Pathway in Renal Cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Majid S, Saini S, Dahiya R. Wnt signaling pathways in urological cancers: past

decades and still growing. Mol Cancer (2012) 11:7. doi: 10.1186/1476-4598-
11-7

. Liu Z, Liu XW, Liu SA, Lv JJ, Fu Q. Clinical significance of changes of

expression of the Wnt/B-catenin signaling pathway in renal clear cell
carcinoma. Eur Rev Med Pharmacol Sci (2016) 20:4840-45.

Kruck S, Eyrich C, Scharpf M, Sievert KD, Fend F, Stenzl A, et al. Impact of an
altered Wnt1/[B-catenin expression on clinicopathology and prognosis in clear
cell renal cell carcinoma. Int J] Mol Sci (2013) 14:10944-57. doi: 10.3390/
ijms140610944

Hsu RJ, Ho JY, Cha TL, Yu DS, Wu CL, Huang WP, et al. WNT10A plays an
oncogenic role in renal cell carcinoma by activating WNT/B-catenin pathway.
PLoS One (2012) 7:¢47649. doi: 10.1371/journal.pone.0047649

Janssens N, Andries L, Janicot M, Perera T, Bakker A. Alteration of frizzled
expression in renal cell carcinoma. Tumour Biol (2004) 25:161-71.
doi: 10.1159/000081098

Bilim V, Ougolkov A, Yuuki K, Naito S, Kawazoe H, Muto A, et al. Glycogen
synthase kinase-3: a new therapeutic target in renal cell carcinoma. Br J Cancer
(2009) 101:2005-14. doi: 10.1038/sj.bjc.6605437

Kawazoe H, Bilim VN, Ugolkov AV, Yuuki K, Naito S, Nagaoka A, et al. GSK-
3 inhibition in vitro and in vivo enhances antitumor effect of sorafenib in renal
cell carcinoma (RCC). Biochem Biophys Res Commun (2012) 423(3):490-5.
doi: 10.1016/j.bbrc.2012.05.147

Pal K, Cao Y, Gaisina IN, Bhattacharya S, Dutta SK, Wang E, et al. Inhibition of
GSK-3 induces differentiation and impaired glucose metabolism in renal cancer.
Mol Cancer Ther (2014) 13:285-96. doi: 10.1158/1535-7163.MCT-13-0681
Topolska-Wos AM, Chazin W], Filipek A. CacyBP/SIP - Structure and variety
of functions. Biochim Biophys Acta (2016) 1860:79-85. doi: 10.1016/
j.bbagen.2015.10.012

ZhaiH, ShiY, Jin H,Li Y, Lu Y, Chen X, et al. Expression of calcyclin-binding
protein/Siah-1 interacting protein in normal and malignant human tissues: an
immunohistochemical survey. J Histochem Cytochem (2008) 56:765-72.
doi: 10.1369/jhc.2008.950519

Ning X, Chen Y, Wang X, Li Q, Sun S. The potential role of CacyBP/SIP in
tumorigenesis. Tumour Biol (2016) 37:10785-91. doi: 10.1007/s13277-016-4871-y
Sun S, Ning X, Liu J, Liu L, Chen Y, Han §, et al. Overexpressed CacyBP/SIP
leads to the suppression of growth in renal cell carcinoma. Biochem Biophys
Res Commun (2007) 356:864-71. doi: 10.1016/j.bbrc.2007.03.080

Seliger B, Atkins D, Bock M, Ritz U, Ferrone S, Huber C, et al.
Characterization of human lymphocyte antigen class I antigen-processing
machinery defects in renal cell carcinoma lesions with special emphasis on
transporter-associated with antigen-processing down-regulation. Clin Cancer
Res (2003) 9:1721-7.

Seliger B, Hohne A, Knuth A, Bernhard H, Ehring B, Tampé R, et al. Reduced
membrane major histocompatibility complex class I density and stability in a
subset of human renal cell carcinomas with low TAP and LMP expression.
Clin Cancer Res (1996) 2:1427-33.

Atkins D, Ferrone S, Schmahl GE, Storkel S, Seliger B. Down-regulation of HLA
class I antigen processing molecules: an immune escape mechanism of renal cell
carcinoma? J Urol (2004) 171:885-9. doi: 10.1097/01.ju.0000094807.95420.fe
Herman GE, Elfont EA. The taming of immunohistochemistry: the new era of
quality control. Biotech Histochem (1991) 66(4):194-9. doi: 10.3109/
10520299109109968

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer ] Clin (2018) 68:394-424.
doi: 10.3322/caac.21492

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Znaor A, Lortet-Tieulent J, Laversanne M, Jemal A, Bray F. International
variations and trends in renal cell carcinoma incidence and mortality. Eur
Urol (2015) 67:519-30. doi: 10.1016/j.eururo.2014.10.002

Mehdi MZ, Nagi AH, Naseem N. MCM - 2 and Ki - 67 as proliferation markers in
renal cell carcinoma: A quantitative and semi-quantitative analysis. Int Braz ] Urol
(2016) 42:1121-8. doi: 10.1590/S1677-5538.1BJU.2015.0388

Yang Q, Wang Y, Pan X, Ye J, Gan S, Qu F, et al. Frizzled 8 promotes the cell
proliferation and metastasis of renal cell carcinoma. Oncotarget (2017)
8:78989-9002. doi: 10.18632/oncotarget.20742

von Schulz-Hausmann SA, Schmeel LC, Schmeel FC, Schmidt-Wolf IG.
Targeting the Wnt/beta-catenin pathway in renal cell carcinoma. Anticancer
Res (2014) 34:4101-8.

Koller CM, Kim Y, Schmidt-Wolf IG. Targeting renal cancer with a
combination of WNT inhibitors and a bi-functional peptide. Anticancer Res
(2013) 33:2435-40.

Sasamura H, Takahashi A, Yuan J, Kitamura H, Masumori N, Miyao N, et al.
Antiproliferative and antiangiogenic activities of genistein in human renal cell
carcinoma. Urology (2004) 64:389-93. doi: 10.1016/j.urology.2004.03.045
Chen S, Guttridge DC, You Z, Zhang Z, Fribley A, Mayo MW, et al. Wnt-1
signaling inhibits apoptosis by activating beta-catenin/T cell factor-mediated
transcription. J Cell Biol (2001) 152:87-96. doi: 10.1083/jcb.152.1.87

Meyer T, Hart IR. Mechanisms of tumour metastasis. Eur ] Cancer (1998)
34:214-21. doi: 10.1016/s0959-8049(97)10129-0

Langner C, Ratschek M, Rehak P, Schips L, Zigeuner R. Expression of MUC1
(EMA) and E-cadherin in renal cell carcinoma: a systematic
immunohistochemical analysis of 188 cases. Mod Pathol (2004) 17:180-8.
doi: 10.1038/modpathol.3800032

Kuehn A, Paner GP, Skinnider BF, Cohen C, Datta MW, Young AN, et al.
Expression analysis of kidney-specific cadherin in a wide spectrum of
traditional and newly recognized renal epithelial neoplasms: diagnostic and
histogenetic implications. Am J Surg Pathol (2007) 31:1528-33. doi: 10.1097/
PAS.0b013e318058818¢

Shen SS, Krishna B, Chirala R, Amato RJ, Truong LD. Kidney-specific cadherin, a
specific marker for the distal portion of the nephron and related renal neoplasms.
Mod Pathol (2005) 18:933-40. doi: 10.1038/modpathol.3800373

Gerharz CD, Moll R, Storkel S, Ramp U, Thoenes W, Gabbert HE.
Ultrastructural appearance and cytoskeletal architecture of the clear,
chromophilic, and chromophobe types of human renal cell carcinoma in
vitro. Am ] Pathol (1993) 142:851-9.

Brembeck FH, Rosario M, Birchmeier W. Balancing cell adhesion and Wnt
signaling, the key role of beta-catenin. Curr Opin Genet Dev (2006) 16:51-9.
doi: 10.1016/j.gde.2005.12.007

Frankland-Searby S, Bhaumik SR. The 26S proteasome complex: an attractive
target for cancer therapy. Biochim Biophys Acta (2012) 1825:64-76.
doi: 10.1016/j.bbcan.2011.10.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Piotrowska, Niezgoda, Mlynarczyk, Acewicz and Kasacka. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology | www.frontiersin.org

November 2020 | Volume 10 | Article 566637


https://doi.org/10.1186/1476-4598-11-7
https://doi.org/10.1186/1476-4598-11-7
https://doi.org/10.3390/ijms140610944
https://doi.org/10.3390/ijms140610944
https://doi.org/10.1371/journal.pone.0047649
https://doi.org/10.1159/000081098
https://doi.org/10.1038/sj.bjc.6605437
https://doi.org/10.1016/j.bbrc.2012.05.147
https://doi.org/10.1158/1535-7163.MCT-13-0681
https://doi.org/10.1016/j.bbagen.2015.10.012
https://doi.org/10.1016/j.bbagen.2015.10.012
https://doi.org/10.1369/jhc.2008.950519
https://doi.org/10.1007/s13277-016-4871-y
https://doi.org/10.1016/j.bbrc.2007.03.080
https://doi.org/10.1097/01.ju.0000094807.95420.fe
https://doi.org/10.3109/10520299109109968
https://doi.org/10.3109/10520299109109968
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.eururo.2014.10.002
https://doi.org/10.1590/S1677-5538.IBJU.2015.0388
https://doi.org/10.18632/oncotarget.20742
https://doi.org/10.1016/j.urology.2004.03.045
https://doi.org/10.1083/jcb.152.1.87
https://doi.org/10.1016/s0959-8049(97)10129-0
https://doi.org/10.1038/modpathol.3800032
https://doi.org/10.1097/PAS.0b013e318058818c
https://doi.org/10.1097/PAS.0b013e318058818c
https://doi.org/10.1038/modpathol.3800373
https://doi.org/10.1016/j.gde.2005.12.007
https://doi.org/10.1016/j.bbcan.2011.10.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comparative Assessment of the WNT/β-Catenin Pathway, CacyBP/SIP, and the Immunoproteasome Subunit LMP7 in Various Histological Types of Renal Cell Carcinoma
	Introduction
	Material and Methods
	Sample Collection
	Immunohistochemistry
	Quantitative Analysis
	Real-Time PCR
	Statistical Analysis

	Results
	Immunohistochemistry
	Quantitative Analysis
	Real-Time PCR

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


