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Abstract: Testicular cancer accounts for approximately 1% of adult cancers and 5% of all urologic
cancers. The most common histopathological diagnosis of testicular neoplastic lesions are germ cell
tumors (90-95% of cases), among which the majority of cases are seminomas, the most common
malignant tumors among men aged 15-44. For better clinical diagnosis and treatment, it is important
to understand the molecular mechanisms of tumor formation. In this study, the expression of the
CacyBP/SIP protein and ERK1/2 and p38 kinases was analyzed for the first time in seminomas and
normal testicular tissues. The research was carried out using archival tissue material from 30
patients undergoing surgery due to testicular seminoma, whereas the comparative material
consisted of the adjacent normal tissues. Immunohistochemistry and qRT-PCR were used to identify
the expression of CacyBP/SIP, ERK1/2, and p38. A very clear weakening of both immunoreactivity
and gene expression of all tested parameters was demonstrated in seminomas compared to healthy
tissues. Our findings suggest the involvement of the CacyBP/SIP protein in the ERK1/2 and p38
signalling pathways, which may be involved in the processes of testicular seminoma carcinogenesis.
The results of our research provide the basis for further research in this area.
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1. Introduction

Testicular cancer is a tumor arising from the pathological, uncontrolled growth of cells within
one or both testicles. Testicular cancer is one of the most common malignant tumors in men. In
Poland, the incidence of testicular cancer has increased more than three times over the last three
decades. Every year, more than 1,000 new cases are detected (in 2017, 1,156 cases were diagnosed),
unfortunately, about 100 patients die annually from testicular cancer. About one third of all germ cell
tumors are seminomas, which affect young men aged 15 to 45 and are the most common malignancies
in men in this age group, rapidly metastasizing to the retroperitoneal lymph nodes and then to
internal organs, including the liver, lungs, brain and bones [1]. Today we know that seminomas are
solid germ cell tumours, and the main research efforts are aimed at the highest effectiveness of
treatment based on the latest achievements in pathomorphology and molecular biology. It is not
known exactly why seminomas develop. So far, several risk factors for this dangerous cancer have
been identified. Disorders of gonocyte maturation and the related genome instability are one of the
probable mechanisms of pathogenesis of seminomas [2—4]. The CacyBP/SIP protein plays a very
important role in many cellular processes, including proliferation, apoptosis, differentiation, as well
as tumorigenesis and transcription regulation. It was first discovered in Ehrlich's ascites tumor cells
as a calcyclin-binding or Siah-1-binding protein. Distribution studies to date have shown the presence
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of this protein in various tissues and organs. Further studies showed variable expression of
CacyBP/SIP in different tumor types [5-8]. Zhai and colleagues showed an increase in CacyBP/SIP
expression in most tumor tissues of various organs, in contrast to the distribution of the protein in
healthy tissues, where it was weakly expressed or barely detectable. In addition, the authors showed
a large variation in the expression of CacyBP/SIP in tumors of various organs [9]. The results of
immunohistochemical studies showed that the main subcellular location of CacyBP/SIP is the
cytoplasm, but it turns out that under certain conditions the protein is translocated to the cell nucleus
Filipek et al. (2002) and Wu et al. (2003), [10-12]. There are reports of the inhibitory effect of the
CacyBP/SIP protein on cell apoptosis, which is closely related to its translocation to the nucleus. It
has been shown that CacyBP/SIP can both promote apoptosis and inhibit cell death processes.
Probably it may be related to the function of the examined organ. Careful analysis showed that
CacyBP/SIP has a similar primary structure to some of the MAP family kinases (mitogen activated
protein kinase). Two kinase interaction motifs responsible for reactions with these enzymes have also
been identified in the sequence of this protein [13-15]. The interaction of CacyBP/SIP with
extracellular signal-regulated kinases ERK1/2 belonging to the MAP family causes their
dephosphorylation and changes the expression of proliferation-related genes [16,17]. Recent studies
show that the ligand of CacyBP/SIP may also be p38 kinase belonging to the MAP family, the
dephosphorylation of which may affect signaling pathways related to cell survival and death. These
data suggest that the CacyBP/SIP protein may play an important role in tumorigenesis by regulating
the activity of ERK1/2 and p38 kinases [18,19]. Only a few literature reports present the results of the
CacyBP/SIP protein as a phosphatase in cancers of a few organs. This function of CacyBP/SIP in
testicular seminoma has not been studied so far. Our study was aimed at the immunohistochemical
evaluation of the CacyBP/SIP protein in testicular seminomas and its interaction with ERK1/2 and
p38 kinase [20-23]. In this work, we examined the expression of CacyBP/SIP in testicular tissues and
analyzed the relationship between CacyBP/SIP and the expression of ERK1/2 and p38 kinases.

2. Materials and Methods

All research was performed in accordance with relevant guidelines/regulations. Research
involving human research participants have been performed in accordance with the Declaration of
Helsinki.

2.1. Sample Collection

After obtaining a positive opinion of the Independent Bioethics Committee for Scientific
Research of the Medical University of Bialystok (Resolution number: APK. 002.360.2022), research
was carried out using archival tissue material from 30 patients undergoing surgery due to testicular
seminoma (cancer) in the years 2014-2023 in the Department of Urology of University Hospital in
Bialystok.

The mean age of the patients at the time of operation was 37 years, with a range 23-63 years. All
patients were classified into one group according to diagnosis and TNM classification (Tumour,
Node, Metastasis). The material was taken directly from the tumour during surgery.

Immediately after collection, tissue fragments were fixed in 10% buffered formalin and routinely
embedded in paraffin blocks. The material stored in the RN Alater solution was subjected to real-time
PCR to evaluate the expression of the genes: Cacybp, Mapk3, Mapkl and Mapkl4 encoding
CacyBP/SIP, ERK1/2 and p38. In order to detect CacyBP/SIP, ERK1/2 and p38 proteins,
immunohistochemical reactions were performed using antibodies directed against the tested
proteins. The slides were evaluated using an Olympus BX43 optical microscope with a built-in digital
camera and connected to a computer. Color microscopic images of CacyBP/SIP, ERK1/2 and p38 at
200x magnification (at least 5 fields from each patient's slide) were archived and saved in jpg format
on a computer hard drive.
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2.2. Immunohistochemistry

The immunohistochemical staining procedure was performed according to the following
protocol [34]. The material was fixed in 10% buffered formalin and transferred to paraffin blocks in a
routine manner. 4 um thick sections were attached to adhesive slides, deparaffinized and rehydrated
in ethanol of decreasing concentration. The sections of testis tissue were subjected to pretreatment in
a pressure chamber and heated using Target Retrieval Solution Citrate pH=6.0 (Agilent Technologies,
Inc. Santa Clara, CA, USA). After cooling down to room temperature, the sections were incubated
with Dako REAL Peroxidase-Blocking Solution (Agilent Technologies, Inc. Santa Clara, CA, USA).
Antibodies used: Rabbit polyclonal anti-CacyBP/SIP antibody (1 : 600) (Cat. No. ab190950; Abcam,
Discovery Drive, Cambridge Biomedical Campus, Cambridge, CB2 0AX, UK), Rabbit polyclonal anti-
p-ERK1/2 antibody (1 : 50) (Cat# 44-680G; Invitrogen; Thermo Fisher Scientific 168 Third Avenue
Waltham, MA USA 02451) and Rabbit anti-p-p38 polyclonal antibody (1 : 50) (Cat# 44-684G;
Invitrogen; Thermo Fisher Scientific 168 Third Avenue Waltham, MA USA 02451).The sections with
the primary antibodies were incubated 24 hours at +4°C in a humidified chamber. Procedure was
followed by incubation with secondary antibody (REAL™ EnVision™ Detection System,
Peroxidase/DAB, Rabbit/Mouse detection kit (K5007; Agilent Technologies Denmark Ap/S,
Produktionsvej 42, 2600 Glostrup, Denmark). The bound antibodies were visualized by incubation
with DAB Flex chromogen. Finally the testis sections were counterstained in hematoxylin QS (H-3404
Vector Laboratories, Burlingame, CA, USA) and observed under a light microscope. The seminoma
sections were dehydrated and the specificity of the antibodies was confirmed using a negative
control, where the antibodies were replaced by Antibody Diluent (S3022; Agilent Technologies
Denmark Ap/S, Produktionsvej 42, 2600 Glostrup, Denmark). The staining results were evaluated in
an Olympus BX43 microscope with an Olympus DP12 camera.

2.3. Real-Time PCR

Samples of testicular cancer and non-malignant testicular tissue taken from the material after
operation were placed in an RNA-later solution. Total RNA was isolated using NucleoSpin® RNA
Isolation Kit (Machery-Nagel). Quantification and quality control of total RN A was determined using
a spectrophotometer — NanoDrop 2000 (ThermoScientific). An aliquot of 1 pg of total RNA was
reverse transcribed into cDNA using iScript™ Advanced cDNA Synthesis Kit for RT-qPCR (BIO-
RAD). Synthesis of cDNA was performed in a final volume of 20 pl using a 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 CacyBP/SIP
(CACYBP), ERK1/2 (MAPK3, MAPK1), p38 (MAPK14) 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 of levels 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: CACYBP (qHsaCED0043669, BIO-RAD),
MAPK3 (qHsaCID0010939, BIO-RAD), MAPK1 (qHsaCED0042738, BIO-RAD), MAPK14
(qHsaCEDO0043417, BIO-RAD) and GAPDH (qHsaCED0038674, BIO-RAD). QRT-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.
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2.4. Statistical Analysis

All data were analyzed for statistical significance using the Statistica version 13.3 computer
software package. The mean values were computed automatically; significant differences were
determined by one-way ANOVA test, p <0.05 was considered significant.

3. Results

A total of 30 samples were considered for the study. The age range of the patients was 23-63
years, the average age was 37 years. A positive result of the immunohistochemical reaction in the
form of a brown stain indicated the presence of the tested antigen.

3.1. Immunohistochemical Evaluation

Strong CACYBP/SIP immunoreactivity was found in non-cancerous testicular tissue, mainly in
the cytoplasm of the testicular tubule epithelial cells (Figure 1A). CACYBP/SIP immunoreactivity in
all seminomas was very low or negative. Nuclear or weak cytoplasmic localization of CACYBP/SIP
was observed only in single tumor cells (Figure 1B).

K /AR R A
".\:."‘ b J X

B |
. V, ”
+ - - -
- - g % 4
P" : ,’:.\.‘“-
[ S0 B

W
-
by s 2

Figure 1. Representative images of CacyBP/SIP immunoreactivity in the testis: A) control healthy
tissue, B) tumor tissue (in samples of seminomas). Original magnification x200.

Immunohistochemical analysis showed moderate ERK 1/2 reactivity in both cytoplasm and
nuclei of seminiferous tubular epithelial cells in non-neoplastic testicular tissues (Figure 2A), whereas
in seminomas only cell nuclei were reactive (Figure 2B).

Figure 2. ERK1/2 immunoreactivity in testis: A) in normal, healthy tissue, B) in seminoma. Original
magnification x200.

The immunoreactivity of p38 in seminomas was significantly attenuated compared to non-
cancerous tissues (Figure 3). In adjacent normal tissue, p38 staining was moderate to strong in both
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the nuclei and cytoplasm of seminiferous tubule cells (Figure 3A). Significantly attenuated p38
immunoreaction with nuclear localization was observed in seminoma cells (Figure 3B).

Figure 3. Inmunohistochemical staining p38 in testis, A) in normal, healthy tissue, B) in seminoma.

Original magnification x200.

3.2. Real-Time PCR

QRT-PCR analysis revealed a significant decrease in the expression of the CACYBP/SIP, ERK 1/2
and p38 genes in seminoma compared to control tissue (Figure 4).
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Figure 4. Expression of CACYBP genes encoding CacyBP/SIP (A), MAPK1 and MAPK3 encoding
ERK1/2 and MAPK14 encoding p38 (mean * s.e.); *p<0.05 tumor vs control.

4. Discussion

According to the latest epidemiological data, testicular cancer accounts for 1.6% of all cancers in
males, i.e. for 3-10 cases per 100,000 men/year, and unfortunately, the number of cases is increasing
every year. The predominant type of cancer is germ cell carcinoma, including seminoma and non-
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seminoma. Treatment of testicular cancer starts with its removal. Then based on the results of
histopathology tests, adjuvant treatment - chemotherapy may be necessary. There are no known
factors that should be avoided to minimize the risk of testicular carcinoma. To improve the
effectiveness of the prevention and treatment of this malignant tumor, we need to expand our
knowledge about the mechanisms of formation and biology of testicular cancer. Considering the
important role of CACYBP/SIP, ERK 1/2 and p38 in carcinogenesis, a study evaluating and comparing
the expression of these proteins in testicular seminoma in comparison with healthy tissue seems to
be justified. In this paper, we present for the first time the results of studies showing a significant
decrease in the expression of the CacyBP/SIP protein in testicular seminoma and the potential
function of this protein in relation to ERK1/2 and p38 kinas. Very weak but visible CACYBP/SIP
immunoreactivity was found in tumor tissue primarily in the nuclear localization. Similarly, in the
seminoma, attenuated expression of the studied kinases, especially p38, was found. Many published
reports indicate the participation of CacyBP/SIP in various signalling pathways involved in the
development of cancer. Previous studies have shown that CacyBP/SIP participates in processes
related to ubiquitination, protein dephosphorylation, regulation of the cytoskeleton and gene
expression, as well as cell proliferation and differentiation [8,9]. Data obtained from studies of many
cancers indicate differential expression of the CACYBP/SIP protein in pathological processes related
to oncogenesis [9-11]. There are reports regarding the CACYBP/SIP function, e.g. in cancer of colon,
stomach, breast and pancreatic. Research results by Zhai et al. suggest that CACYBP/SIP may
promote the growth of cancer cells in the course of colorectal cancer [6]. An increase in CACYBP/SIP
protein expression with breast cancer progression was shown by Wang et al. [5]. Another study also
showed that CACYBP/SIP is involved in promoting gastric cancer proliferation and cell cycle
progression [7]. Other studies of renal cell carcinoma, gastric cancer, and chronic lymphocytic
leukemia found decreased expression of CacyBP/SIP. In these cancers, the protein acted as a tumor
suppressor [8-12]. The results of the cited studies confirm that CacyBP/SIP cannot be treated solely
as an oncogene or tumor suppressor. In the available scientific literature, we have not found a single
report referring to the role of the CACBP/SIP protein in testicular malignant tumor — seminoma. The
extracellular signal-regulated kinase ERK1/2 has been analyzed in neoplastic processes, including the
colon and breast cancer. Li et al. in their work obtained results proving that the promotion of cancer
cell migration in breast cancer and local invasion takes place with a significant participation of ERK
[24]. Similarly, in reports on colorectal cancer, results were obtained proving that carcinogenesis
processes in this type of cancer occur with the participation of signalling pathways related to ERK1/2
[25-27]. The available literature lacks reports on the analysis of ERK1/2 in testicular cancer —
seminoma.Previous studies have shown the role of p38 kinase as both a promoter and a suppressor
of carciogenic processes. The involvement of p38 kinase in the inhibition of metastasis and tumor
growth has been confirmed in prostate, thyroid and lung cancer [28-30]. Studies by Leelahavanichkul
et al. showed hyperactivity of the p38 protein in 79% of cases in head and neck cancers [31]. As in the
case of CACYBP/SIP and ERK1/2, p38 kinase has not been studied in seminomas so far. Not a single
report related to this topic was found. The results of studies by other authors described above,
relating to the proteins we analyzed, cancers other than testicular cancer. The lack of literature reports
is the basic justification for conducting the research. Our work appears to be the first to evaluate the
CacyBP/SIP protein and selected MAP kinases in this type of cancer. Due to the inability to relate our
results to other authors, the comparison can only refer to similar determinations in other cancers. In
our study, we demonstrated significant attenuation of CACYBP/SIP immunoreactivity in seminoma
compared to non-cancerous tissue. The intensity of the reaction was confirmed by the expression of
the gene encoding this protein. Tumors tested so far expression of CACYBP/SIP usually showed
increased expression of this protein. Examples include pancreatic, gastric, colorectal and melanoma
cancers [11,13]. Often, however, the increase in expression depended on the stage of the tumor. On
the other hand, results regarding the role of CACYBP/SIP in breast or kidney cancer remain
inconsistent [5,32-34]. Due to the different behaviour of CACYBP/SIP and the discrepancy of results
obtained in different types of cancer, at the present stage of research it is difficult to precisely
determine the exact role of this protein in testicular seminoma. Significant differences in the
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expression of CACYBP/SIP may indicate the participation of this protein in maintaining cellular
homeostasis of testicular seminoma. Due to the invaluable role of ERK1/2 in transduction of
intracellular signals, as well as the growing number of papers on its involvement in cancer processes,
our analysis of this kinase in seminoma provides further, hitherto unknown evidence for its
important role in this cancer as well. Weakened immunoreactivity and low expression of genes
encoding ERK1/2 in cancer cells most likely means that seminoma cells inhibit the action of this
kinase. On the other hand, the localization of ERK1/2, mainly in the nuclei of seminoma cells, may
indicate the participation of this protein in processes related to protein transcription and coding.
Kinase p38, involved in many processes accompanying neoplastic growth, is additionally a very
interesting point to analysis in seminoma. As in the case of ERK1/2, p38 immunoreactivity mainly
with nuclear localization was significantly reduced in seminoma cells, which was also reflected in the
expression of genes encoding these proteins.

A recently discovered role of the CACYBP/SIP protein is its function as a phosphatase for MAP
kinases. The unique structure of the CACYBP/SIP protein, as well as the not fully known
characteristics of its substrates, currently do not allow to classify it to a specific family of
phosphatases. It is generally believed that increased expression of CACYBP/SIP promotes decreased
expression of the phosphorylated form of ERK1/2. In studies on colorectal cancer, the authors
obtained results contrary to these assumptions [13,14]. Despite this discrepancy, it was also
considered that this may be due to the phosphorylation state of the CACYBP/SIP protein itself in the
cells studied. Considering the role of CACYBP/SIP as a phosphatase for ERK 1/2 and p38 kinases, our
results should be analyzed both in terms of comparison of the control group with tumor tissue and
the results in both groups separately. In the control material, the expression of ERK1/2 is significantly
lower than CACYBP/SIP, which may indicate its phosphatase function. In neoplastic tissue, the
expression of CACYBP/SIP and ERK1/2 remains at a similar level, which may indicate the inhibition
of both proteins by seminoma cells or insufficient expression of CACYBP/SIP for phosphatase
activity. On the other hand, p38 kinase expression is not significantly lower than CACYBP/SIP in
control material and significantly higher in seminoma.

5. Conclusions

In conclusion, our study showed significant differences in the immunoreactivity and expression
of CACYBP/SIP, ERK 1/2 and p38 genes in testicular seminoma compared to control material. Our
findings suggest the involvement of the CacyBP/SIP protein in the ERK1/2 and p38 signalling
pathways, which may be involved in the processes of testicular seminoma carcinogenesis. Literature
data and the results of our own previous studies suggest that the expression of CacyBP/SIP depends
on the type and degree of histological malignancy of the cancer. In addition, this study provides new,
previously unpublished data on CacyBP/SIP activity in seminoma. More research is needed as
understanding what determines the function of the CacyBP/SIP protein and its relationship to MAPK
may be of great importance in the future treatment of testicular cancer.
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