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Abstract: While clear cell renal cell carcinoma (ccRCC) is curable, advanced metastatic (mRCC)
remains a clinical challenge. We analyzed clinical, pathohistological, and molecular data (Receptor
Interacting Protein 5—RIP5 and Vestigial Like Family Member 4—VGLL4 expression) of 55 mRCC
patients treated with first-line treatment with sunitinib. The trend of linear increase in the protein
expression of RIP5 was observed with the progression of tumor grade. Overall, 80% of RIP5-positive
cells were in the control kidneys and high-grade mRCC. On the contrary, RIP5 displayed low
expression in grade 2 mRCC (5.63%). The trend of linear decrease in the expression of VGLL4
was observed with the progression of tumor grade. The highest protein expression of VGLL4 was
observed in grade 2 (87.82%) in comparison to grade 3 and 4 and control. High expression of RIP5
mRNA was associated with longer first-line overall survival and longer progression-free survival in
mRCC. In addition, a high VGLL4 mRNA expression showed better overall survival in patients with
ccRCC. In conclusion, high mRNA expression of RIP5 and VGLL4 are important markers of better
survival rates in mRCC patients.

Keywords: ccRCC; RIP 5; VGLL 4; sunitinib; progression-free survival; mRCC

1. Introduction

Clear cell renal cell carcinoma (ccRCC) is the most common type of renal cell carcinoma,
accounting for about 75 to 80% of renal cell carcinomas [1]. The remaining 20 to 25% are
papillary renal cell carcinoma (pRCC), chromophobe RCC (cRCC), and others, while
about 5% of renal tumors remain unclassified [2]. ccRCC is responsible for the death of
180,000 people a year worldwide [3]. ccRCC arises from the proximal epithelium of the
renal tubules and is characterized by genetic diversity and chromosomal complexity. Loss
of heterozygosity of chromosome 3p, where the von Hippel-Lindau (VHL) gene is located,
is found in more than 90% of cases of ccRCC and is considered a critical genetic event [4–6].
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Loss-of-function mutation in VHL gene induces abnormal regulation of a number of VHL-
mediated targets, pathways, and processes, which is a significant step in the onset and
development of ccRCC [7,8].

Prognostic factors are pathological stage, tumor grade, presence of tumor necrosis,
and rhabdoid or sarcomatous differentiation. Today, a four-stage classification according
to WHO/ISUP is used based on nucleolar prominence, nuclear pleomorphism, and/or
rhabdoid, and/or sarcomatoid differentiation [9]. Surgical treatment is effective in localized
disease in the early stage with partial or radical nephrectomy, and in advanced cancer or
metastatic cancer treatment still represents a clinical challenge [10–12]. Namely, ccRCC
is not sensitive to chemo and radiotherapy, and 45% of diagnosed cancers are metastatic,
while 30% of operated patients develop disease relapse, including a stratified group of
low-risk progressions [13–17]. Treatment with tyrosine kinase inhibitors, immunotherapy,
inhibitors of the targeted pathway of immune checkpoints, provided patients with a
significant extension of overall survival, and the absence of disease progression [18,19].
Namely, receptor tyrosine kinase inhibitor (sunitinib) is one of the most common treatment
options. Sunitinib inhibits different targets such as the platelet-derived growth factor
receptors and the vascular endothelial growth factor. In this capacity, sunitinib is used in
the treatment of renal cell carcinoma and gastrointestinal stromal tumors [20]. However,
the effectiveness of sunitinib is limited to 30% of patients who have a successful response to
therapy in contrast to those who have a weak response with the development of long-term
relapses [21–24]. Therefore, it is necessary to find novel predictive markers that will provide
adequate response to given treatment.

Receptor Interacting Protein (RIP) kinases represent a family of dual serine/threonine
and tyrosine kinases that play a key signaling role in cell survival and death [25]. Each
member of the RIP family contains a conserved RIP kinase domain and other domains that
determine a specific function through protein-protein interactions. It was mentioned for the
first time in 2004, as a protein associated with Dusty protein kinase, and was investigated in
human congenital anomalies of the kidney and urinary tract (CAKUT), and involvement in
the regulation of the Fibroblast Growth Factor (FGF) signaling pathway [25,26]. In the fetal
kidney, RIP5 is co-expressed in the metanephric mesenchyme and ureteral bud, making it a
critical regulator of human urinary tract development downstream of fibroblast growth
factor signaling [27–30]. Changes at the genetic, epigenetic, and expression level have been
recorded in cancer cells. RIP5 is studied in various types of cancer, including colorectal
cancer, lung adenocarcinoma, and triple-negative breast cancer [31–33]. RIP5 in colorectal
cancer promotes metastasis and chemoresistance via epithelial-mesenchymal transforma-
tion (EMT) [34–36]. Therefore, current findings suggest that RIP kinases represent attractive
targets for the development of improved treatments for certain types of cancer [37].

Vestigial Like Family Member 4 (VGLL4) is a transcriptional cofactor of the VGLL
family, which includes VGLL1-4. VGLL proteins are considered a new group of TEAD
interacting partners, as an active participant in tumor genesis and metastasis [38–41].
VGLL4 has been described as a tumor suppressor in many types of cancer, for example in
lung cancer [38], breast cancer [42], stomach cancer [43–45], colorectal cancer [46], bladder
cancer [47,48], adenocarcinoma of the pancreas [49], and squamous carcinoma of the
esophagus [50]. The tumor suppressor function of VGLL 4 has been demonstrated; however,
the regulation of VGLL 4 remains elusive. Lower expression of VGLL 4 usually indicates
poor survival. VGLL4 partially inhibits EMT through suppression of the vWnt/beta-catenin
signaling pathway [44]. Therefore, the aim of this study is to investigate expression of RIP5
and VGLL 4 in metastatic ccRCC (mRCC) in the context of possible predictive markers for
this deadly disease.

mRCC is a significant health concern, with a poor prognosis and a growing need for
more effective treatment options. The current management of mRCC is rapidly evolving.
Recent advances in targeted therapies and a better understanding of the disease’s biology
have led to improvements in patient care and prognosis. Understanding the latest advances
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in diagnosis and management can assist oncologists and nephrologists in better diagnosing
and treating mRCC patients.

2. Materials and Methods
2.1. Patient Data

The study was approved by the Institutional Review Board. Informed consent was
obtained from all patients. A total of 55 mRCC patients had a radical nephrectomy between
2009 and 2019 at the University Hospital Mostar, Bosnia, and Herzegovina. The clinical
characteristics were used from the patient records within hospital information system.
Enrolled patients had histopathological diagnosis of ccRCC and were presented with
metastatic disease initially or during follow-up. We excluded patients who received prior
targeted therapies, patients with concurrent chronic renal disease, and incomplete clinical
data. A total of 45 patients were enrolled. These patients received sunitinib as a first-line
treatment. Patients received an oral dose of sunitinib 50 mg daily for 4 weeks. Patients
were regularly re-evaluated, usually after 2–3 therapeutic cycles.

2.2. Tissue Procurement and Processing

Formalin-fixed paraffin-embedded (FFPE) samples from patients diagnosed with
mRCC were recruited from the Department of Pathology, University Hospital Centre
Mostar. A total cohort included 55 samples, including 45 samples from patients diagnosed
with mRCC. Out of 55 samples, 34 samples underwent genetic expression analysis. Tissue
samples from mRCC were fixed with 4% xylol, dehydrated in graded ethanol dilutions,
embedded in paraffin blocks, serially cut (4 µm), and mounted on glass slides.

2.3. Double Immunofluorescence

All tissue sections were deparaffinized in xylol, dehydrated in graded ethanol dilu-
tions, and washed three times in desilted water. The sections were heated in citrate buffer
for antigen retrieval for 15 min. After cooling, tissue sections were incubated with the
combination of primary antibodies RIP5 (N-16) (diluted 1:50, Santa Cruz Biotechnology,
Santa Cruz, CA, USA, sc 162109) and VGLL4 (diluted 1:50, Invitrogen, Waltham, MA, USA
PA5-58467) overnight at +4 ◦C. Primary antibodies were washed in PBS three times and
incubated with a combination of secondary antibodies: Goat Anti-Rabbit IgG H&L (Abcam,
Cambridge, UK, Alexa Fluor® 594) (ab150080) and Donkey Anti-Goat IgG H&L (Abcam,
Cambridge, UK, Alexa Fluor® 488) (ab150129) in Dako Antibody Diluent (Dako, Glostrup,
Denmark, S0809) for 1 h at room temperature. After incubation with secondary antibodies,
sections were washed in PBS three times, counterstained with DAPI, and coverslipped
(Immuno-mount, Shandon Inc., Pittsburgh, PA, USA).

2.4. Sample Processing and RNA Isolation

RNA was isolated from 34 FFPE mRCC samples, and healthy border renal tissue
from the same patient as a control. GenElute™ FFPE RNA Purification Kit (Sigma-Aldrich,
Taufkirchen, Germany) was used for RNA isolation, as previously described [51]. Con-
centration of RNA was measured by Qubit™ 4 Fluorometer (Thermo Fisher Scientific Inc.
Waltham, MA, USA).

2.5. qPCR

After RNA isolation, an iTaq™ Universal SYBR® Green One-Step Kit (Bio-Rad, Her-
cules, CA, USA) designed for measurement of gene expression was used. The master
mix containing iTaq™ Universal SYBR® Green reaction mix, iScript reverse transcriptase,
selected forward and reverse primers (Table 1), nuclease-free H2O, and RNA was mixed
in a 96-well plate. All samples were prepared in duplicate, and RPL13a was used as the
reference gen. The negative control contained a master mix without RNA. The plate was
analyzed using the Applied Biosystems TM 7500 RT-PCR system (Thermo Fisher Scientific,
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Waltham, MA, USA). The 2−∆∆Ct method was used to calculate the relative fold gene
expression of samples.

Table 1. Primers used in RT-qPCR.

Transcript Forward Primer Reverse Primer Tm F/R TA CG% F/R

RPL13a CCTGGAGGAGAAGAGGAAAGAGA TTGAGGACCTCTGTGTATTTGTCAA 63.1/60.5 60.5 52.17/40.00

RIP5 TTGCATACTGATCCTCGG TGGCACTAGTTCATACT 59.3/55.8 55.8 50.0/38.89

2.6. Transcriptomics

We extracted the cancer tissue ribonucleic (RNA)-sequencing data in terms of frag-
ments per kilobase of transcript per million mapped reads upper quartile (FPKM-UQ) from
public data resources—The University of California Santa Cruz cancer browser UCSC Xena
(xenabrowser.net). Overall survival and RIP5 (DSTYK) and VGLL4 gene expression data
from the Genomic Data Commons—The Cancer Genome Atlas Kidney Renal Clear Cell
Carcinoma (GDC TCGA KIRC) studies were exported and edited in Microsoft® Excel® 2019
MSO version 2305 (Microsoft Corp., Redmond, WA, USA). After the double samples were
excluded from data curation, 526 patients were included in the survival analysis for ccRCC.

2.7. Statistical Analysis

Overall survival (OS) was defined as the duration from the date of surgery to death or
last follow-up. Disease-free survival (DFS) was defined as the duration from the date of
surgery to date of distant metastasis. Progression-free survival (PFS) was defined from the
start of sunitinib therapy to the date of the progression or last follow-up. In the statistical
analysis, descriptive statistics was used. Kaplan–Meier survival curves were prepared with
the Log-rank (Mantel–Cox) test, Breslow (Generalized Wilcoxon) test, and Tarone–Ware
test for comparison between patients in two groups (<1 RIP5 fold gene expression and >1
RIP5 fold gene expression for data from our experiment and high and low expression of
RIP5 and VGLL4 from GDC TCGA KIRC). The Mantel–Cox proportional hazard regression
model was applied with age, RIP5 fold gene expression group, and TNM stage of disease.
Accepted statistical significance was at the p < 0.05 level. Statistical analysis was performed
using the SPSS (Statistical Package for Social Sciences) program version 23.0 and using R
Statistical Software (Foundation for Statistical Computing, Vienna, Austria) version 4.3.2.
packages “survival”, “survminer”, and “My.stepwise”.

3. Results

The demographic and clinical characteristics of patients are displayed in Table 2. There
were 34 patients with median age of 61 years (interquartile range (IQR) 55–67). Median
time from sunitinib prescription to treatment initiation was 2 months (IQR 0 3). Median
time from mRCC diagnosis to sunitinib initiation was 3 months (IQR 2–4).

Table 2. Demographic and clinical characteristics of patients.

All Patients
n = 34

n (%) or Median (Interquartile Range, IQR)

Gender Male 25 (74)

Age, years 61 (55–67)

Grade
II 13 (38)
III 15 (44)
IV 6 (18)
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Table 2. Cont.

All Patients
n = 34

n (%) or Median (Interquartile Range, IQR)

pathological T
T1 7 (21)
T2 3 (9)
T3 20 (59)
T4 4 (12)

pathological N
N0 9 (26)
N1 3 (9)
Nx 22 (65)

pathological M
M0 1 (3)
M1 0 (0)
Mx 33 (97)

TNM stage
1 7 (21)
2 3 (9)
3 18 (53)
4 6 (18)

Presentation of metastatic disease—first year
<1 year 28 (82)
>1 year 6 (18)

Metastasis site
Lungs 26 (76)

Lymph nodes 7 (21)
Bones 9 (26)
Liver 4 (12)

Kidney 1 (3)
Brain 0 (0)
Other 5 (15)

Number of metastatic sites
1 26 (76)
2 7 (21)
3 9 (26)
4 4 (12)

Overall death
Yes 28 (82)
No 6 (18)

Distant metastasis-free survival 2.0 (0.3–7.0)

First-line progression-free survival 10.0 (1.3–20.1)

First-line overall survival 16.0 (1.3–24.0)

3.1. RIP5 and VGLL4 Protein Expression

In this study, we investigated mRCC in patients with different tumor grades. In order
to show double immunofluorescence staining with RIP5 and VGLL4, we firstly wanted to
present the basic morphology (Figure 1) of mRCC and control renal tissue. Epithelial cells
of proximal tubules are the origin site of metastatic renal cell carcinoma (mRCC). Different
grades of mRCC display a wide range of morphological changes, characterized from small
nuclei with inconspicuous nucleoli in grade 2 to nuclear polymorphism and rhabdoid or
sarcomatoid features in grade 4 (Figure 1).
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Figure 1. The basic morphology of control renal tissue and mRCC. Normal (CTRL) kidney cortex (A)
and medulla (B) and metastatic renal cell carcinoma (mRCC) grade 2 (G2) (C), and grade 4 (G4) (D).
Scale bar 25 µm. Hematoxylin and eosin staining.

By double immunofluorescence staining with RIP5 and VGLL4, we wanted to point
out how many cells and which cells in mRCC and control kidney tissue express these two
proteins. In the renal cortex and medulla of normal control kidneys, RIP5 was expressed
in both glomeruli and tubules (Figure 2), with strong diffuse expression in epithelial cells
(Table 3). Overall, 80% of RIP5-positive cells were in the control kidneys (Figure 2A). This
was also the highest expression of RIP5 in comparison to different mRCC grades, especially
grade 3 and 4 (p < 0.0001 and p < 0.01, respectively) (Figure 2A).

Figure 2. Double immunofluorescence with RIP5, VGLL4, and DAPI. RIP5 (green)- and VGLL4
(red)-positive cells (arrows—positive cells, regardless of staining intensity) in the normal kidney
(CTRL) cortex (A) and different grades of mRCC: grade 2—G2 (B), grade 3—G3 (C), and grade
4—G4 (D). Co-localization of RIP5 and VGLL4 (arrowhead); merge (all panels in the row combined).
Immunofluorescence staining with RIP5, VGLL4, and DAPI. Scale bar 25 µm.
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Table 3. Intensity and extension of staining for RIP5 and VGLL4 in different grades of mRCC (G2–G4)
and control kidney (CTRL).

RIP5 VGLL4

CTRL
epithelial cells +++/>50% +++/10–50%

Stroma −/<10% −/<10%

G2
carcinoma cells −/<10% +/>50%

Stroma −/<10% −/<10%

G3
carcinoma cells +++/>50% ++/10–50%

Stroma −/<10% +/<10%

G4
carcinoma cells +++/>50% −/<10%

Stroma −/<10% −/<10%
− no expression; + mild expression; ++ moderate expression; +++ strong expression; no staining (<10% of
epithelial/neoplastic cells); focal staining (10–50% of epithelial/neoplastic cells); diffuse staining (>50% of
epithelial/neoplastic cells).

On the contrary, RIP5 displayed low expression in grade 2 mRCC (Figure 2, Table 3),
with 5.63% of positive cells (Figure 3A). Grade 3 and 4 had similar number of RIP5-positive
cells (60%) (Figure 3A) and strong expression in the epithelial cells (Table 3). The lowest
expression of RIP5 was observed in grade 2, being lower than grades 3 and 4 (p < 0.01 and
p < 0.001, respectively). The trend of linear increase in the expression of RIP5 was observed
with the progression of tumor grade (p < 0.001).

Figure 3. Ratio of RIP5- and VGLL4-positive cells in control kidney and mRCC. Graphic presentation
of quantitative expression of RIP5 (A), and VGLL4 (B) in control (CTRL) and different grades of mRCC
(G2–G4). Data are presented as mean ± SD. * p < 0.01, ** p < 0.001, *** p < 0.0001, Kruskal–Wallis
followed by Dunn’s multiple comparison test.

We performed a double immunofluorescence staining with VGLL4 to determine
whether there is a co-expression with RIP5. RIP5 and VGLL4 double-positive cells were
observed only in grade 3 tumors. In the renal cortex and medulla of normal control
kidneys, VGLL4 is expressed in tubules (Figure 2) with strong focal expression in epithelial
cells (Table 3). The percentage of VGLL4-positive cells in the control kidneys was 23.7%
(Figure 3B), which was statistically different only in comparison to grade 2 (p < 0.001)
(Figure 3B). Additionally, the highest expression of VGLL4 was observed in grade 2, with
87.82% of positive cells in comparison to grade 3 and 4 (p < 0.01 and p < 0.0001, respectively)
(Figure 3B). VGLL4 displayed low expression in grade 4 mRCC (Figure 2D, Table 3), with
6.45% of positive cells (Figure 3B). In grade 3 there was 28.64% of VGLL4-positive cells
(Figure 3B), with moderate expression and focal staining in the epithelial cells (Table 3).
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In addition, grade 3 displayed statistically higher expression in comparison to grade 4
(p < 0.01). The trend of linear decrease in the expression of VGLL4 was observed with the
progression of tumor grade (p < 0.0001).

3.2. Gene Expression Analysis

In order to further investigate mRNA expression of RIP5 and VGLL4 in our specimens,
we performed the qPCR method on our samples. We detected the mRNA of RIP5 in
34 mRCC cancer tissues and 34 control tissues by qPCR. The mRNA level of RIP5 were
higher in mRCC cancer in comparison to the control (Figure 4).

Figure 4. Ct value of RIP5 in control kidney and mRCC. qPCR was performed to determine the
mRNA levels of RIP5 in metastatic renal cell carcinoma and control tissues. Higher Ct value indicated
lower gene expression. * p < 0.05.

RIP5 low expression (fold gene expression below one) was significantly associated
with shorter first-line overall survival and progression-free survival in our cohort (Table 4,
Figure 5A,B).

Table 4. RIP5 fold gene expression and survival in mRCC.

RIP5 Fold Gene
Expression ≤ 1

Mean Survival in
Months (95% CI *)

n = 19

RIP5 Fold Gene
Expression > 1

Mean Survival in
Months (95% CI *)

n = 19

Log-Rank
(Mantel–Cox) Test

p-Value

Breslow
(Generalized

Wilcoxon) Test
p-Value

Tarone–Ware
Test

p-Value

Overall survival 11.2
(4.0–18.4)

35.9
(17.7–54.1) 0.012 0.014 0.011

Progression-free
survival

11.1
(3.6–18.7)

34.6
(15.0–54.1) 0.028 0.029 0.028

Distant metastasis free
survival

9.6
(0.0–21.4)

18.7
(4.7–32.7) 0.246 0.166 0.172

* CI: confidence interval.

The distant metastasis-free survival between groups was not statistically significant
(Table 4, Figure 5C).

In order to prove consistency of our results on mRNA expression in mRCC and our
data of patient survival, we additionally performed analysis of patients survival in ccRCC
patients in a GDC TCGA KIRC study. Similarly, low RIP5 gene expression was associated
with significantly lower mean overall survival in 526 patients from GDC TCGA KIRC.
The mean overall survival with 95% confidence interval (CI) in a group with low RIP5
expression was 2597 days (2341–2853), while in a group with high RIP5 expression, it
was 2866 days (2617–3115) (Figure 6). All applied statistical tests indicated significant
differences, with p-values 0.003, 0.011, and 0.005 for Log-rank (Mantel–Cox), Breslow
(Generalized Wilcoxon), and Tarone–Ware tests, respectively.
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Figure 5. Graphical presentation of survival in mRCC patient. First-line overall survival stratified
by RIP5 fold gene expression (A); first-line progression-free survival stratified by RIP5 fold gene
expression (B); distant metastasis free survival stratified by RIP5 fold gene expression (C).

Figure 6. Graphical presentation of survival in ccRCC patient in GDC TCGA KIRC. Overall survival
by gene expression RNAseq-HTSeq-FPKM-UQ for patients with high and low RIP5 expression (A),
and high and low VGLL4 expression (B). Data used from the GDC TCGA KIRC.

In addition, low expression of VGLL4 was analyzed. Although the Breslow (Gen-
eralized Wilcoxon) test indicated no significant differences between VGLL4 expression
and overall survival (p = 0.058), Log-rank (Mantel–Cox) and Tarone–Ware tests indicated
there was a worse overall survival in patients with low VGLL4 expression (p = 0.018 and
p = 0.037, respectively). Mean overall survival with 95% confidence interval (CI) in the
group with low VGLL4 expression was 2609 days (2349–2869) compared to the group with
high VGLL4 expression with 2905 days (2649–3161) (Figure 6B).

In a Mantel–Cox proportional hazard regression model, proportional hazards assump-
tion was confirmed by evaluation of independence of Schoenfeld residuals and time (global
p = 0.84, age p = 0.38, TNM p = 0.65, fold-gene expression group p = 0.71). Stepwise variable
selection procedure resulted in the final model including the fold-gene expression group,
and was significant with p-value 0.03. RIP5 gene expression higher than one-fold was
found to be independently, significantly associated with lower hazard risk for death when
evaluating overall survival (Table 5). In patients with RIP5 gene expression higher than
one-fold, death risk was decreased by 58% compared to patients with RIP5 gene expression
lower than one-fold (Table 5).
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Table 5. Final Mantel–Cox proportional hazard regression model.

Covariate Estimate exp(Estimate)
Hazard Ratio

Standard Error
(Estimate)

95%
Confidence

Interval
p-Value

RIP5 gene expression group: more than
one-fold compared to less than one-fold −0.8591 0.4235 0.4012 0.193–0.930 0.0322

4. Discussion

ccRCC is curable in the early localized stage by partial or total surgical nephrectomy,
while advanced mRCC remains a clinical challenge [12]. Additionally, due to the high
level of tumor heterogeneity in mRCC, there is a need to find new treatment options for a
precise personalized medicine approach to tackle this deadly disease. Integrated molecular
analysis of mRCC identified several gene expression signatures associated with tumor
progression and poor prognosis [42]. Alterations of RIP5 kinases at expression levels are
frequently found in high number of cancers, and this might suggest that RIP5 kinases
promote tumor progression and metastasis. However, there is a lack of literature that points
to mechanistic involvement of RIP5 kinases in either a pro-tumor or anti-tumor manner,
in regard to specific cancer. Additionally, contributions of RIP kinases as a therapeutical
target have been shown useful in clinical trials in inflammatory diseases [37]. Therefore,
RIP kinases expression in mRCC might represent an attractive therapeutic target.

In the renal cortex and medulla of normal control kidneys, RIP5 was expressed in both
glomeruli and tubules, with strong diffuse expression in epithelial cells. There was 80%
of RIP5-positive cells in the control kidneys. This was also the highest expression of RIP5
in comparison to different mRCC grades, especially grade 3 and 4. On the contrary RIP5
displayed low expression in grade 2 mRCC. Grade 3 and 4 had a similar number of RIP5-
positive cells (60%), and strong expression in the epithelial cells. The lowest expression of
RIP5 was observed in grade 2, being lower than grades 3 and 4. The trend of linear increase
in the expression of RIP5 was observed with the progression of tumor grade. This finding
is in accordance with Cohen et al. that showed how grade 3 and 4 generally have lower
mean overall survival [52]. In our study in mRCC, high expression of RIP5 mRNA was
associated with longer first-line overall survival and longer progression-free survival (the
time from sunitinib initiation until disease progression or worsening). However, we need to
take into account different results between mRNA and protein levels in our study because
this might be attributed to low consistency between RIP5 antibody staining and RIP5 RNA
expression data, as suggested in the Human Protein Atlas proteinatlas.org (accessed on
11 November 2023). Additionally, different results between mRNA and protein levels can
be explained by the fact that sunitinib is a moderate inhibitor of dual serine/threonine
and tyrosine kinases [53,54]. Accordingly, patients in our study that had higher expression
of RIP5 and received sunitinib had longer progression-free survival. Similarly, when
analyzing patients from GDC TCGA KIRC, high RIP5 gene expression was associated
with significantly longer mean overall survival. Zhong et al. also showed that lower RIP5
expression accelerates lung cancer cell growth [55]. However, in different tumors we can
find opposite findings. Namely, Li et al. found that RIP5 expression was low in patients
with lung adenocarcinoma and was associated with better prognosis [31]. Although both
carcinomas were adenocarcinoma (kidney vs. lung), these difference in overall survival
might be explained by a different biological function of RIPK5 that is largely unknown.
The core kinase domains of RIP5 have multiple functional connections and distinct clinical
properties in cancer, as supported by the data presented in the study by Li et al. [31].

Similarly, as involvement of RIP5 kinases in either pro-tumor or anti-tumor effect is
largely unknown, VGLL4 has been identified as a tumor suppressor gene [56]. Therefore,
due to its role as a tumor suppressor, VGLL4 has the potential to serve as a targeted
therapy for various types of cancer. Namely, so far, VGLL4 has been investigated as a
therapeutical target in triple-negative breast cancer, lung cancer, colorectal cancer, and
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gastric cancer [41,46,57,58]. Therefore, VGLL4 expression in mRCC also might represent an
attractive therapeutic target.

The expression level of VGLL4 is lower in many types of cancer compared to normal
tissues, and lower expression of VGLL4 usually indicates poor survival in many cancers [57].
VGLL4 is downregulated in ccRCC [56]. VGLL4 is also associated with metastasis and
recurrence in ccRCC [59]. In our study, we found that in the renal cortex and medulla of
normal control kidneys, VGLL4 is expressed in tubules with strong focal expression in
epithelial cells. There was about one-quarter of VGLL4-positive cells in the control kidneys,
which was statistically different only in comparison to grade 2. Additionally, the highest
expression of VGLL4 was observed in grade 2, with more than two-thirds of positive cells
in comparison to grade 3 and 4. VGLL4 displayed low expression in grade 4 mRCC, with
few positive cells. In grade 3, there was about one-third of VGLL4-positive cells, with
moderate expression and focal staining in the epithelial cells. Further, grade 3 displayed
statistically higher expression in comparison to grade 4. The trend of linear decrease in the
expression of VGLL4 was observed with the progression of tumor grade. Our results at the
VGLL4 protein level are in accordance with the results on the transcriptomic level. Another
two papers that investigated VGLL4 in ccRCC were performed on transcriptomic data and
mRNA data in available open access databases [56,59]. Their findings also demonstrated
worse overall survival in patients with low VGLL4 expression. This is in accordance with
our findings.

The strength of our study is that this is the first study that evaluated RIP5 and VGLL4
protein expression by immunohistochemical staining in mRCC in different grades. Addi-
tionally, our results suggest that high mRNA expression of RIP5 and VGLL4 are important
markers of better survival rates in mRCC patients. The limitation of our study is the small
sample size, the retrospective design, and lack of in vitro effects of sunitinib treatment on
RCC cell lines.

5. Conclusions

In conclusion, in this study, for the first time we presented the expression profiles
of RIP5 and VGLL4 expression in mRCC that displayed involvement in different overall
survival time and progression-free survival in mRCC. In this regard, our findings may
contribute to efforts undertaken in identification of new treatment targets. However, the
mechanistic role of RIP5 and VGLL4 in mRCC is an area that requires further study to fully
elucidate its function in this specific context. Namely, further research into the pathogenesis,
diagnosis, and management of mRCC is needed to continue improving treatment options
for patients with this aggressive disease.
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