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Abstract
Background: Talin-1 as a cytoskeleton protein participates in cell migration and has an essential role in cell adhesion,
proliferation, tumorigenesis, invasion, and metastasis in various types of malignancies.

Methods: Bioinformatics analysis has been performed by a using protein-protein interaction network, analyses among PRIDE
databases, and indicated that Talin-1 protein as a potential prognostic focal adhesion factor in renal cell carcinoma (RCC).
We, therefore, examined the protein expression levels and prognostic significance of Talin-1 with clinical follow-up in a total
of 269 formalin-fixed paraffin-embedded tissue specimens from three important subtypes of RCC undergone radical
nephrectomy and 30 adjacent normal tissues in three levels including, membrane, cytoplasm, and nucleus using
immunohistochemistry on tissue microarrays. Then, we used a combined analysis with B7-H3 to confirm that Talin-1 may be
related to metastasis.

Results: The results showed that the expression of Talin-1 is significantly upregulated in most RCCs compared to adjacent
normal tissues in protein levels. Further, there was a statistically significant difference between the membranous and
cytoplasmic expression of Talin-1 and different subtypes of RCC (P < 0.001, P = 0.003, respectively). High membranous and
cytoplasmic expression of Talin-1 was significantly associated with advanced nucleolar grade (P < 0.001, all), microvascular
invasion (P = 0.007, P = 0.004), histological tumor necrosis (P = 0.020, P = 0.018), and invasion to Gerota’s fascia (P = 0.025,
P = 0.050) in clear cell RCC (ccRCC). In addition, high membranous and cytoplasmic expression of Talin-1 was associated
with significantly poorer disease-specific survival (DSS) (P = 0.043, P = 0.024, respectively) and progression-free survival
(PFS) (P = 0.046, only in cytoplasmic expression). The co-expression of cytoplasmic Talin-1High /B7-H3High was observed to
be associated with more aggressive tumor behavior and metastasis. Moreover, increased cytoplasmic expression of Talin-
1High/B7-H3High compared to the other phenotypes was associated with poor prognosis and progression of the disease in
patients with distant metastasis.

Conclusion: Collectively, these observations indicate that Talin-1 is an important molecule involved in the spread and
progression of ccRCC when expressed particularly in the cytoplasm and may serve as a novel prognostic biomarker in ccRCC
if follow up time more prolonged. 

Introduction
Renal cell carcinoma (RCC) is the most common type of kidney cancer found in adults. It represents approximately 3% of
adult malignancies and 90–95% of all neoplasms arising from the kidney (1, 2). The RCC incidence rates have been
increasing during the decade (3). According to the American Cancer Society, an estimated 73,750 new cases (45,520 in males
and 28,230 in females) and 14,830 deaths (9,860 in males and 4,970 in females) from RCC will occur in 2020 (4). If cancer
has not metastasized, the 5-year survival rate is 65–90%, but this is lowered considerably when cancer has spread so that the
5-year survival rates for patients with stage IV disease are less than 20% (5). Unfortunately, ~ 20–30% of RCC patients have
distant metastasis at initial diagnosis. In addition, about 25–40% of RCCs would relapse and ultimately develop into
metastatic disease after resection of the primary tumor (6). Moreover, increasing resistance to targeted therapies have been
occurred in advanced RCC patients (7). Therefore, prognostic and predictive biomarkers will be an urgent requirement to
assist in early diagnosis and identify novel therapeutic targets for RCC.

To date, several subtypes of RCC have been defined, of which clear cell RCC (ccRCC) is the most common subtype (75–80%),
followed by papillary RCC (pRCC) 15%, and chromophobe RCC (chRCC) around 5% (8). In this study, we have focused on all
these three important histological subtypes of RCC.

High throughput proteomics was introduced as an innovative novel approach that paves the way for cancer diagnostic or
prognostic biomarker discovery (9). The advantages of these types of studies can be the identification of effective proteins
with a different expression and cellular functions in the samples in various diseases (10). Although a high level of variance
exists in proteomics data, network, and enrichment analysis explore the hub genes and their related biological significance
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among results (11). In the present study, protein-protein interaction (PPI) network analysis was performed for proteomics data
of available studies that had reported proteins with significant differential expression in RCC tissue samples compared to
adjacent normal tissues. Enrichment analysis of hub genes was obtained for a better understanding of influential genes in
the RCC network. It was found that TLN1 (Talin-1) is one of the hub genes that could be practical as a prognostic marker in
renal cancer.

Talin-1 is a ubiquitous cytoskeleton‑associated protein with a high-molecular-weight which has been shown to play an
essential role in regulating the activity of the integrin family of cell adhesion proteins using coupling integrins to F-actin (12,
13). Also, Talin-1 is responsible for binding to critical adhesion molecules, including integrins, vinculin, actin, and other focal
adhesion kinases (FAKs) and induce cell cytoskeletal remodeling. Therefore increased expression of Talin-1 could lead to the
development of tumor and migration (14, 15). A number of studies have demonstrated that overexpression of Talin-1 was
associated with advanced disease and reduced overall survival (OS) in patients, including oral squamous cell carcinoma
(OSCC) (16), prostate cancer (17), colon cancer (18), and nasopharyngeal carcinoma (NPC) (19). To date, the expression
levels and clinical significance of Talin-1 in the RCC tumors remain unclear. Thus, in the current study, to validate and confirm
the Talin-1 protein obtained from the network analysis on results of proteomics studies in RCC samples, we have investigated
the membranous, cytoplasmic, and nuclear expression levels of Talin-1 protein in three important subtypes of RCC from
formalin-fixed paraffin-embedded (FFPE) tissue samples which assembled on tissue microarrays (TMAs) using the
immunohistochemistry (IHC) technique. Then, we sought to determine the association between expression levels of Talin-1
protein at different intensities in the cell membrane, cytoplasm, and nucleus, and clinicopathological parameters, including
nucleolar grade, tumor stage, microvascular invasion, and other important clinicopathological characteristics of RCC as well
as survival outcomes. Finally, we used combined analysis with another marker of our previous study, namely B7-H3 (20)
which is useful for predicting progression and metastasis in ccRCC to confirm that Talin-1 may be related to metastasis.

Methods

Data source and network analysis
Search on PRoteomics IDEntifications database (PRIDE) (https://www.ebi.ac.uk/pride/) (21) form 2019 to 2020 led to
identifying three RCC studies that each of them included the proteomics information of one of the RCC subtypes and
adjacent normal tissues. The results of proteomics analysis were downloaded from the supplementary information of their
published articles (22–24). Venn diagram analysis was performed to find common significant differential proteins in three
subtypes of RCC by OriginPro 2019 (https://www.originlab.com/2019, OriginLab Corporation, Northampton, MA, USA). PPI
network was constructed using srtringapp (https://string-db.org/) (25) with medium confidence > 0.4 in Cytoscape
(https://cytoscape.org/) (26). Hub genes were identified with the highest degree of connectivity of PPI network analysis
(highest confidence > 0.9). Next, hub genes highly associated with cancer (P-value > 0.5).

In both Jensen (27) and DisGeNET RDF v7.0 (https://academic.oup.com/nar/article/48/D1/D845/5611674) (28), disease
libraries on Enrichr (amp.pharm.mssm.edu/Enrichr/) (29) were selected as key genes of RCC network for subsequent
analysis. Enrichment analysis was done with ClueGO plugin (http://apps.cytoscape.org/apps/cluego) (30) based on gene
ontology (GO) (http://geneontology.org/) and pathways, including Kyoto Encyclopedia of Genes and Genomes (KEGG)
(https://www.genome.jp/kegg/) (31), Reactome (https://reactome.org/) (32), and WikiPathways
(https://www.wikipathways.org/index.php/WikiPathways) (33) for key genes. GO analysis was contained cellular component
(CC), biological process (BP), and molecular function (MF) domains. Finally, one hub gene was selected for the evaluation of
expression using the IHC method in RCC tissues. Also, protein expression level for the selected hub gene was considered in
divers tumors on UALCAN database (http://ualcan.path.uab.edu/) which provides protein expression analysis option using
data from Clinical Proteomic Tumor Analysis Consortium (CPTAC) (https://proteomics.cancer.gov/programs/cptac) (34).

Study population
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Two hundred-ninety five FFPE tissues from RCC tumor specimen who underwent radical nephrectomy were collected from a
major referral university-based urology–nephrology center, the Hasheminejad Hospital, in Tehran, Iran, during 2008–2015. It
was confirmed that none of the patients had received radiotherapy or chemotherapy. Three important subtypes of RCC were
comprised in this study including ccRCC, pRCC (type I & II), and chRCC. Hematoxylin and eosin (H&E) stained pathology
slides and clinical and pathological information were obtained from medical archival records. The following variables were
included age, gender, the maximum diameter of tumor size, nucleolar grade, tumor stage, microvascular invasion (MVI),
lymph node invasion (LNI), renal vein invasion, histological tumor necrosis (TN), renal sinus fat, and renal sinus invasion,
perirenal fat invasion, Gerota’s fascia invasion, distant metastasis, and tumor recurrence.

Clinical follow-up was available for all patients until July 2015. Information of disease-specific survival (DSS) was defined as
the time from the first operation to death due to renal cancer. Progression-free survival (PFS) was defined as the interval
between primary operation and the last follow-up visit without any disease, evidence of tumor recurrence, or metastasis. In
addition, tumor stage and nucleolar grade were defined according to the pTNM classification for RCC (35–37). Moreover, it
was agreed that chRCC should not be graded (36).

Tissue microarray (TMA) construction
The tissue samples were brought into a TMA format as follow, briefly, H & E slides were examined and the most
representative areas of the tumor were marked by pathologists. 0.6-mm tissue cylinders were punched out from the selected
regions of each donor tumor tissue blocks and transferred into a recipient paraffin block using tissue arrayer MiniCore
(ALPHELYS, Plaisir, France). The TMA blocks were constructed in triplicate for each specimen. The mean of the three scores
was calculated as the final score. Previous studies have shown that three cores are highly representative of the whole
sections (38, 39). Finally, 4-µm sections were cut from array blocks and transferred to adhesive slides. In each TMA block,
adjacent normal renal tissue samples (totally, 30 samples) were included to compare the expression pattern of Talin-1 protein
compared to the tumor tissue samples.

Immunohistochemistry (IHC) for Talin-1 protein expression
IHC was applied to detect the expression of Talin-1 protein. Briefly, all TMA sections were deparaffinized at 60◦C for 20 min
and were transferred in xylene and rehydrated via a series of graded alcohols. 3% H2O2 was used to block endogenous
peroxides and non-reactive staining for 20 min at room temperature. Antigen retrieval was performed by immersing the
tissues in citrate buffer (pH 6.0) for 10 min in an autoclave. Sections were then incubated with a primary rabbit polyclonal
antibody to Talin-1 (1:100, ab71333, Abcam Inc., Cambridge, MA, UK) at 4◦C overnight. For isotype control, rabbit
immunoglobulin G (IgG) (1:100, Invitrogen, Thermo Fisher Scientific, USA) was used. Then, TMA slides were incubated with
anti-rabbit/anti-mouse Envision (Dako, Glostrup, Denmark) as a secondary antibody for 30 min. Afterward, the sections were
visualized by diaminobenzidine (DAB) (Dako, Glostrup, Denmark) and stained with hematoxylin (Dako, Glostrup, Denmark).
Finally, the slides were dehydrated in alcohol, cleared in xylene, and mounted for examination. In each run of the experiment,
human normal kidney tissue was used as a positive control and replacement of the primary antibody with Tris-buffered saline
(TBS) as a negative control to confirm the nonspecific bindings of the secondary antibody.

Immunohistochemistry evaluation
The evaluation procedure of the IHC was reviewed by one independent pathologist (M.A) without any related clinical data-
informed. The intensity and percentage of the staining area were considered as two important components of the scoring
system for Talin-1 protein expression. The intensity of staining was scored by applying a semi-quantitative system, ranging
from negative to strong as follows: 0 (no staining), 1 (weak), 2 (moderate), and 3 (strong). The percentage of staining area
was categorized according to the positive tumor cells: less than 25% positive cells, 25–50% positive cells, 51–75% positive
cells, and more than 75% positive cells. The final Talin-1 protein expression score was calculated by multiplying the value of
the intensity score by the percentage of positive tumor cells which ranged from 0 to 300, namely histochemical score (H-
score). In this study, the median H-score was chosen to categorize samples with high or low Talin-1 protein expression.

Combined analysis of Talin-1/B7-H3 markers
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Previous studies have shown that an association between increased expression of B7-H3 and potential to metastasize (20,
40), therefore we applied our previous data of B7-H3 in ccRCC (20) to used combined analysis to confirm that Talin-1 may be
related to metastasis.

Statistical analysis
Analyses were performed using the “statistical software SPSS, version 22.0. Armonk, NY: IBM Corp". To verify the significance
of association and correlation between Talin-1 protein expression and clinicopathological parameters, Pearson's chi-square
and Spearman’s correlation tests were performed. Kruskal-Wallis and Mann-Whitney U tests were applied for pairwise
comparison between groups. Survival curves by Talin-1 status were estimated using the Kaplan–Meier method with 95%
confidence interval (CI) and compared by the log-rank test. Univariate Cox proportional hazard models were fit to identify
factors significantly related to DSS or PFS. To assess whether Talin-1 and the other variables were an independent predictor
of survival, multivariate Cox models were also assessed. The data were expressed as the mean; standard deviation (SD) and
median; quartile (Q1, Q3). The difference was considered statistically significant at a P-value < 0.05.

Results

Bioinformatics approach
Significant differential expression of proteins from tumor tissues in comparison to adjacent normal tissues was obtained of
selected previous studies that include 1055, 589, and 983 proteins for ccRCC, pRCC, and chRCC, respectively (Supplementary
Table 1). The results of the Venn diagram analysis illustrated 110 common differential expression proteins between subtypes
of RCC (Fig. 1). PPI network analysis result explored 52 hub genes with the highest confidence > 0.9 (Fig. 2) that 24 key genes
have reported for cancer on both Jensen and DisGeNET databases (Supplementary Table 1). Pathway analysis displays that
most key genes contribute to metabolism pathways and several genes involved in FAK and degradation of extracellular
matrix (ECM) pathways (Fig. 3). The major part of GO analysis results for 24 key genes indicates these genes are present in
the microbody and play role in fatty acid catabolic process. Also, the basement membrane organization is a remarkable part
of gene annotation results (Supplementary Fig. 1). According to these results, key genes involved in FAK and pathways
related to ECM, as key drivers for both development and cancer progression (41), were highlighted for selection marker. Our
key genes list, including COL4A1, LAMB2, NID1, and TLN1 (Talin-1) were evaluated among literature and led to the selection
of Talin-1 as our final biomarker for investigation in RCC. Talin-1 as a master integrin-associated protein is a focal adhesion
(FK) complex that mediates ECM proteolysis through different matrix metallopeptidases (MMPs) expression (42). FAK
activation triggers the following processes, including survival, angiogenesis, cell growth, migration, and invasion. Since FAK
functions potentially regulate gene expression to affect cancer progression (43), it seems that its signaling to be vital in the
neoplastic cells invasion, and its activity inhibition decrease RCC metastasis both in vitro and in vivo (44–46). Although the
FAK signaling pathway is deregulated in different cancer types and its importance approved in the regulation of cell adhesion
and motility due to the tumor invasive behavior (47–49), its evidence in RCC is few and it is necessary to explore which is
crucial (42). Further, UALCAN database revealed a higher expression of Talin-1 protein in ccRCC tissue samples compared to
normal samples (Fig. 4).

Characteristics of RCC patients
Two hundred and ninety-five RCC patients were included in this study, while technical problems led to a loss of some cases,
and finally, 269 cases remained for evaluating. These samples include 195 (73.58%) ccRCC, 20 (7.43%) pRCC type I, 20
(7.43%) pRCC type II, and 34 (12.63%) chRCCs. The patients’ clinicopathological characteristics were summarized in Table 1
based on whole RCC samples and histological subtypes of RCC.

Expression of Talin-1 protein in the subtypes of RCC and adjacent
normal tissue samples
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The expression level of Talin-1 protein was evaluated using the IHC method on TMA sections by three scoring methods,
including the intensity of staining, percentage of positive tumor cells, and H-score in histological subtypes of RCC and
adjacent normal tissue samples. Talin-1 protein was expressed at different intensities in the cell membrane, cytoplasm, and
nucleus in the samples (Table 2) (Fig. 5), however, the expression of Talin-1 protein in adjacent normal tissue samples was
less compared to tumor samples.

Comparison of Talin-1 protein expression based on histological
subtypes of RCC
In this part of the study, to compare differences between the median expression levels of Talin-1 protein in the membrane,
cytoplasm, and nucleus among the histological subtypes of RCC, the non-parametric Kruskal–Wallis and Mann–Whitney U
tests were applied. The results of the Kruskal–Wallis test revealed a statistically significant difference between the
membranous and cytoplasmic Talin-1 protein expression levels in different RCC subtypes (P < 0.001, P = 0.003, respectively).
Also, Mann–Whitney U test showed a statistically significant difference in the median levels of membranous and
cytoplasmic Talin-1 protein expression between ccRCC and pRCC (type I & II) (P < 0.001, P = 0.001, respectively) and also
pRCC (type I & II) and chRCC (P = 0.006, P = 0.029, respectively) (Fig. 6A, B). In contrast, the Kruskal-Wallis test showed that
there is no statistically significant difference between the median expression level of nuclear Talin-1 protein in different
subtypes of RCC (P = 0.904) (Table 3). Moreover, we did not find a statistically significant difference in the median expression
level of nuclear Talin-1 protein between the RCC subtypes (Fig. 6C).

Associations between membranous, cytoplasmic, and nuclear Talin-1
protein expression and clinicopathological parameters in histological
subtypes of RCC

ccRCC:
In ccRCC, membranous and cytoplasmic expression of Talin-1 protein were observed in 195 (100.0%) patients and nuclear
Talin-1 expression in 180 (92.3%) cases.

Pearson’s chi-square test was used to examine the association between Talin-1 protein expression and clinicopathological
parameters in histological RCC subtypes. The results of Pearson's chi-square test showed a highly significant association
between expression of membranous and cytoplasmic Talin-1 protein and increased nucleolar grades (I + II versus III + IV)
(Pearson's chi-square, P < 0.001, all) (Table 4). Kruskal–Wallis and Mann–Whitney U tests also showed that statistically
significant differences in the median levels of membranous and cytoplasmic Talin-1 protein expression in various nucleolar
grades (P = 0.001, P < 0.001, respectively) (Fig. 7A, B). Moreover, Pearson's chi-square test revealed that significant differences
between higher levels of expression of membranous and cytoplasmic Talin-1 protein and MVI (P = 0.007, P = 0.004,
respectively), histological TN (P = 0.020, P = 0.018, respectively) as well as Gerota’s fascia invasion (P = 0.025, P = 0.050,
respectively). Furthermore, there was a statistically significant difference between higher level of membranous Talin-1 protein
expression and invasion to renal pelvis (P = 0.038). Kruskal–Wallis and Mann–Whitney U tests also indicated a statistically
significant difference between the median expression levels of membranous and cytoplasmic Talin-1 protein and MVI (P = 
0.022, P = 0.007, respectively) (Fig. 7C, D). Bivariate analysis (Spearman’s correlation) showed a significant direct correlation
between membranous and cytoplasmic expression and advanced in nucleolar grades (Spearman’s rho, P < 0.001, P = 0.001,
respectively), MVI (P = 0.007, P = 0.004, respectively), histological TN (P = 0.015, P = 0.014, respectively), and invasion to
Gerota’s fascia (P = 0.025, P = 0.050, respectively). The results of Spearman’s correlation analysis also revealed that
membranous Talin-1 protein expression and renal pelvis (P = 0.038) were directly correlated. In this study, we did not find any
significant association and correlation between nuclear Talin-1 protein expression and clinicopathological features in ccRCC
cases (Table 4).
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pRCC (type I & II) and chRCC:
Membranous and cytoplasmic expression of Talin-1 protein was observed in all cases 20 (100.0%), 20 (100.0%), and nuclear
Talin-1 expression in 11 (55.0%), 12 (60.0%) patients of pRCC type I and pRCC type II, respectively. In the cases of chRCC,
membranous and cytoplasmic Talin-1 protein expression were found in 34 (100.0%) patients and nuclear expression in 25
(73.5%) cases. The results of Pearson's chi-square and Spearman’s correlation tests revealed that there are no significant
association and correlation between membranous, cytoplasmic, and nuclear Talin-1 protein expression and
clinicopathological parameters in pRCC (type I & II) (Tables 5, 6). In chRCC, we observed a statistically significant association
between membranous expression of Talin-1 and tumor stage (P = 0.050) (Table 7). Moreover, Spearman’s correlation analysis
showed a statistically significant positive correlation between increased Talin-1 protein expression and higher tumor stage
(Spearman’s rho, P = 0.023).

Prognostic value of expression of Talin-1 protein for clinical outcomes
in histological subtypes of RCC
In the current study, the mean and median duration of the follow-up time for DSS were 52 (SD = 27.5) months and 49 (Q1, Q3 
= 34, 71) and for PFS were 49 (SD = 29.6) and 47 (Q1, Q3 = 31, 71) months, respectively. Also, the minimum and maximum of
follow-up time were 1 and 117 months and the range was 116 months. The results of the analysis showed that distant
metastasis and tumor recurrence occurred in 55 (20.4%) and 41 (15.2%) patients, respectively whereas, 214 (79.6%) and 228
(84.8%) were not positive for mentioned parameters. Also, 63 (23.4%) patients were positive for distant metastasis or tumor
recurrence and 206 (76.6%) were not positive for these features. During the follow-up, cancer-related death occurred in 40
patients (14.9%) and disease-related death in 5 (1.9%). The main characteristics of patients enrolled for survival analysis
according to the histological subtypes of RCC were summarized in (Table 8).

Survival outcomes based on the expression of Talin-1 protein in the
histological subtypes of RCC
The association between expression of membranous, cytoplasmic, and nuclear Talin-1 protein and DSS or PFS were
evaluated using Kaplan–Meier analysis curves and the log-rank test.

ccRCC:

Survival outcomes based on membranous Talin-1 protein expression
The results of the Kaplan–Meier curve demonstrated that significant differences between DSS and the patients with high and
low membranous expression of Talin-1 protein (Log-rank test: P = 0.043) (Fig. 8A). The mean DSS time for patients with high
and low membranous expression of Talin-1 protein was 91 (SD = 4.6) and 103 (SD = 3.5) months, respectively. Additionally,
the 5-year survival rates for DSS in patients whose specimens expressed high and low membranous expression of Talin-1
protein were 78 and 88%, respectively (Log-rank test: P = 0.050). Moreover, the results of the Kaplan-Meier analysis for PFS
showed that there are no significant differences between PFS and the patients with high and low expression of membranous
Talin-1 protein (Log-rank test: P = 0.081) (Fig. 8B).

Survival outcomes based on cytoplasmic Talin-1 protein expression
Our finding of Kaplan–Meier curves analysis in the cytoplasmic expression of Talin-1 revealed that significant differences
between DSS (Log-rank test: P = 0.024) or PFS (Log-rank test: P = 0.046) and the patients with high and low cytoplasmic
Talin-1 protein expression, respectively (Fig. 8C, D). Further, the mean DSS or PFS time for patients with high and low
cytoplasmic expression of Talin-1 protein were 90 (SD = 4.7), 87 (SD = 5.0) and 103 (SD = 3.4), 99 (SD = 3.9) months,
respectively. The 5-year survival rates for DSS or PFS of patients with high cytoplasmic Talin-1 protein expression were 77
and 72% and with low expression were 89 and 85% (Log-rank test: P = 0.044, P = 0.050, respectively).

Survival outcomes based on nuclear Talin-1 protein expression
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Kaplan Meier survival curves showed that there are no significant differences between DSS or PFS and the patients with high
and low nuclear expression of Talin-1 protein in ccRCC cases (Log-rank test: P = 0.160, P = 0.219, respectively) (Fig. 9A, B).

Our finding from univariate analysis showed that the membranous and cytoplasmic expression of Talin-1 protein (P = 0.048,
P = 0.028, respectively), tumor size (P = 0.009), nucleolar grade (P < 0.001), and tumor stage (P = 0.029) were significant risk
factors affecting the DSS with hazard ratio (HR) more than 1 and cytoplasmic expression of Talin-1 protein (P = 0.050), tumor
size (P = 0.004), nucleolar grade (P < 0.001), and tumor stage (P = 0.047) were significant risk factors affecting the PFS of
patients with ccRCC (Tables 9, 10). As demonstrated in Tables 9 and 10, nucleolar grade was the only independent prognostic
factor for DSS (membranous expression; HR: 2.563, 95% CI: 1.119–5.869; P = 0.026, cytoplasmic expression; HR: 2.483, 95%
CI: 1.095–5.633; P = 0.029) or PFS (cytoplasmic expression; HR: 2.243, 95% CI: 1.061–4.739; P = 0.034) in the multivariate
analysis. Expression of membranous and cytoplasmic Talin-1 protein for DSS (P = 0.356, P = 0.219, respectively) and
cytoplasmic expression of Talin-1 for PFS (P = 0.312) were not significant risk factors for prognosis in the multivariate
analysis (Tables 9, 10). Other clinicopathologic variables were not significant factors affecting the DSS or PFS in univariate
and multivariate analyses of ccRCC patients.

pRCC (type I & II) and chRCC:
Kaplan–Meier survival analysis showed that there is no statistically significant association between membranous,
cytoplasmic, and nuclear Talin-1 protein expression and patients’ survival outcomes in pRCC (type I & II) and chRCC patients.
Additionally, univariate and multivariate analyses demonstrated that the listed clinicopathologic variables are not significant
factors affecting the DSS or PFS of patients with papillary and chRCC.

Combined analysis of Talin-1/B7-H3 populations
In this part of the study, we first chose the samples which have stained in two markers, thus the number of patients was 138.
The results showed that a statistically significant correlation between expression of cytoplasmic Talin-1 and cytoplasmic B7-
H3 proteins (Spearman’s rho, 0.318; P < 0.001), however, in membranous expression, we did not find any significant
correlation between two markers (Spearman’s rho, 0.026; P = 0.756). Therefore, we examined the association between co-
expression of cytoplasmic Talin-1 and cytoplasmic B7-H3 proteins with clinicopathologic parameters. The expression levels
of Talin-1 and B7-H3 were divided into two categories based on median expression and four phenotypes including Talin-1
High/B7-H3 High, Talin-1 High/B7-H3 Low, Talin-1 Low/B7-H3 High, and Talin-1 Low/B7-H3 Low (Table 11). The analysis showed that
a highly significant association between cytoplasmic Talin-1 High/B7-H3 High phenotype and nucleolar grade (P = 0.002). The
cytoplasmic Talin-1 High/B7-H3 High phenotype was more often found in patients with MVI present (P = 0.002), histological TN
present (P = 0.026), Gerota’s fascia invasion (P = 0.043), and distant metastasis (P = 0.022) compared to patients without MVI
and histological TN, as well as no invasion to Gerota’s fascia and no distant metastasis (Table 11).

Survival outcomes of Talin-1/B7-H3 expressions
The survival rate of patients with co-expression of cytoplasmic Talin-1 High/B7-H3 High phenotype was compared with other
phenotypes. Higher cytoplasmic expression of Talin-1 High/B7-H3 High phenotype was associated with worse DSS and PFS
than another phenotype (Log-rank test; P = 0.007, P = 0.021, respectively) (Fig. 10A, B). Further, the 5-year survival rates for
DSS and PFS were 87.0% and 83.0% in cytoplasmic Talin-1 High/B7-H3 High phenotype expression, and 67.0% and 65.0% in
another phenotype of cytoplasmic Talin-1/B7-H3 expression (Log-rank test; P = 0.010, P = 0.029, respectively). Moreover, the
stratified analysis indicated that in the patients with distant metastasis, the differences in DSS between patients with
cytoplasmic Talin-1 High/B7-H3 High phenotype and other phenotypes of Talin-1/B7-H3 expression is significant (P = 0.050)
(Fig. 10C, D).

Tumor size (10.1 cm versus < 4 cm) and nucleolar grade were the significant risk factors affecting the DSS or PFS of patients
with ccRCC in univariate analysis, with hazard ratios of 6.476, 4.338 and 6.737, 3.418 and P values of 0.016, 0.001, and
0.013, 0.001, respectively.
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Discussion
Although much progress has been made big changes in the treatment of RCC, drug resistance to targeted therapies brings
more failures in advanced RCC patients' treatment (7). Thus, it is urgently needed to explore novel and practical clinical
prognostic markers of RCC in the patient's early diagnosis in future renal cancer therapy.

The bioinformatics analysis would be conducive to molecular markers research in clinical RCC. This study set out with the
aim to identify the novel biomarker that was potentially involved in the various RCC subtypes. In this regard, we focused on
PPI network analysis for proteomics results of other studies related to RCC subtypes and used bioinformatics software
investigations to identify hub genes. The hub genes were generated based on the highest degree of connectivity and were
screened on Enricher for cancer disease. Besides, enrichment analysis determined the involved pathways and molecular
function of hub genes. These results suggested several proteins as hub genes related to cancer, which among them we
selected Talin-1 and warranted further investigation. Therefore, to validate the Talin-1 protein as a prognostic marker for RCC,
for the first time, expression levels of Talin-1 protein was investigated in a well-characterized series of 269 tissues specimen
from patients treated with radical nephrectomy in three main subtypes of RCC including 195 (73.58%) ccRCC, 20 (7.43%)
pRCC type I, 20 (7.43%) pRCC type II, and 34 (12.63%) chRCC tissue samples through IHC on TMA slides and evaluation of
the association between its expression and clinicopathological characteristics as well as patient survival outcomes. The
pattern of Talin-1 protein expression in RCCs also was classified into membranous, cytoplasmic, and nuclear expression.

It is important to investigate histological subtypes of specific cancer, giving consideration to various subtypes which may be
associated with different biologic behavior, pattern, and prognosis, hence each of them needs different treatment. The
evaluation of the staining pattern in each subtype of RCC displayed differential expression of Talin-1 protein in membrane,
cytoplasm, and nucleus with a range of intensities from weak to strong as well as the percentage of staining area. Further,
there was a statistically significant association between the membranous and cytoplasmic expression of Talin-1 protein but
not in nuclear expression and the RCC subtypes. Subsequently, a statistically significant difference was observed in the
median levels of membranous and cytoplasmic Talin-1 protein expression between ccRCC and pRCC (type I & II) (P < 0.001, P 
= 0.001, respectively) as well as pRCC (type I & II) and chRCC subtype (P = 0.006, P = 0.029, respectively), indicating that
expression of Talin-1 protein in membrane and cytoplasm versus nucleus are more important in subtypes of RCC and also
these expression patterns vary among the histological RCC subtypes, thus this may affect on the prognostic value of them
and ways to treat of patients.

IHC analysis of human RCCs compared to adjacent normal tissue samples demonstrated that Talin-1 protein expression is
upregulated in RCCs. The present study also considered the expression of Talin-1 on UALCAN database, containing a large
amount of proteomics data which showed that increased expression of Talin-1 in ccRCCs rather than normal samples. Thus,
these results are in line with our findings of Talin-1 protein expression using IHC on ccRCCs.

The advantage of analyzing the expression and subcellular distribution of Talin-1 in RCCs is, the protein in different
subcellular localization may have a specific function. Our finding showed that membranous and cytoplasmic expression of
Talin-1 protein is positively associated with the important clinicopathological parameters, including advanced nucleolar
grade, MVI, histological TN, invasion to Gerota’s fascia, and renal pelvis, while in nuclear expression, there was no any
association between expression of Talin-1 protein and clinicopathological features in ccRCC cases. Importantly, our results
exhibited the increased expression of the median membranous and cytoplasmic of Talin-1 protein in the high grade of RCC
(nucleolar grade III + IV) compared with the low grade of RCC (nucleolar grade I + II) and also increased expression in patients
with MVI present rather than MVI absent which exhibited the association of membranous and cytoplasmic Talin-1 protein
expression with the aggressiveness of ccRCC. In addition, in this study nucleolar grade was found as an independent
prognostic factor for DSS and PFS in membranous and cytoplasmic Talin-1 protein expression in multivariate analysis. After
the tumor stage, one the strongest prognosticators of survival in patients with RCC is the nucleolar grade, and tumors with a
high nucleolar grade display a more aggressive phenotype; thus they are associated with local invasion and distant
metastasis (50). Previous studies demonstrated that MVI is related to cancer progression and survival in RCC and is the most
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significant prognostic variable for prognostication of metastatic spread and survival outcome independent from
macrovascular invasion (51, 52). Histological TN also has proposed to be a sign of tumor aggressiveness that generally
leads to poor survival outcomes (53). A recently systematic review and meta-analysis study suggested that histological TN is
associated with DSS, OS, RFS (recurrence-free survival), and PFS of RCC patients and may serve as a predictor of poor
prognosis in RCC patients (54). Moreover, in this study tumor size and tumor stage were found as prognostic variables in
univariate analysis that depicted the associations between these parameters and more aggressive tumor behaviors. The
tumor stage is one of the most factors for predicting tumor progression and recurrence in RCC (55) and tumor size has
shown significantly associated with the risk of metastasis (56). Therefore, these results indicated that membranous and
cytoplasmic Talin-1 protein expression compared with nuclear expression are related to the degree of malignancy and
progression of disease in ccRCC cases.

Our results from Kaplan-Meier survival curves in ccRCC cases showed that higher membranous and cytoplasmic Talin-1
protein expression is associated with significantly worsened DSS as well as worsened DSS or PFS compared to low Talin-1
protein expression, respectively. In addition, ccRCC patients, who expressed a high level of membranous and cytoplasmic
Talin-1, had shorter 5-year DSS or PFS compared with those with low expression. However, the pattern of Talin-1 protein
expression was not a predictor of survival in multivariate analysis, indicating the long term follow-up is needed to increase
the events and prognosis.

Investigations have shown that increased expression of Talin-1 could lead to the progression of tumor cell adhesion and
migration because of Talin-1 as a FA protein is able to mediate integrin interaction with ECM and can bind to a variety of
adhesion molecules and induce cell cytoskeleton remodeling (23). B7-H3, also a member of the B7 family of
immunoregulatory proteins which is overexpressed in many types of malignancies and is linked to poor prognosis, increased
tumor grade, and metastasis (57). Previous studies have been reported a correlation between expression levels of B7-H3 and
progression of disease in ccRCC (20, 58). To confirm that whether Talin-1 is related to metastasis, we used the combined
analysis of both Talin-1 protein and our previous data of B7-H3 protein in ccRCC. The co-expression of cytoplasmic Talin-1
High/B7-H3 High was observed to be associated with more aggressive tumor behavior and metastasis. Further, Tumor size and
nucleolar grade were the significant risk factors affecting the DSS or PFS which depict tumor aggressiveness. Moreover,
increased cytoplasmic expression of Talin-1 High/B7-H3 High compared to the other phenotypes was associated with poor
prognosis and progression of the disease, especially in patients with distant metastasis, therefore, our findings revealed that
increased cytoplasmic expression of Talin-1 is associated with invasiveness and metastasis in ccRCC.

Several previous studies revealed that overexpression of Talin-1 is associated with advanced disease and poor prognosis. Lai
et al confirmed that increased expression of Talin-1 in OSCC is associated with poor prognosis and knockdown of Talin-1
expression inhibited ability of proliferation and invasion (16). In a recent study by Ji Ling et al. using IHC analysis on
colorectal cancer (CRC) and adjacent normal tissue demonstrated that Talin-1 protein expression is upregulated in CRC and
knockdown of Talin-1 reduces the proliferation and migration via the epithelial–mesenchymal transition (EMT) signaling
pathway (59). Xu N et al. showed that the upregulation of Talin-1 protein in prostate cancer is significantly associated with
advanced pathological parameters and predicts lymph node metastases and biochemical recurrence (17). In NPC, authors
exhibited that high Talin-1 expression is associated with significantly poorer OS (19). Our present data further is in line with
these previous studies and suggest that Talin-1 protein is an important molecule involved in the spread and progression of
ccRCC. However, Talin-1 has a different expression in other cancers such as hepatocellular carcinoma (HCC). A previous
study by Kanamori et al. (13) showed that high-level expression of Talin-1 in HCC tissues while another study demonstrated
that Talin-1 is downregulated in HCC (60), while others showed that expression levels of Talin-1 in serum is significantly
higher (61). In addition, Talin was found to be completely absent in endometriosis and endometrioid carcinomas (62).
Therefore, it seems that expression levels of Talin-1 are different in various cancers and more investigations are needed to
explore the exact mechanism and function of Talin-1 for finding the new ways for therapeutic targeting.

In the present study, for the first time, we showed that membranous, cytoplasmic, and nuclear Talin-1 protein expression in
other important subtypes of RCC. We found no significant association between membranous, cytoplasmic, and nuclear



Page 11/45

expression of Talin-1 protein and clinicopathological features and patients' outcomes in pRCC cases (type I & II). In chRCCs, a
significant association was observed between membranous Talin-1 protein expression and increased tumor stage. Further,
we did not find any significant association between expression of Talin-1 protein and survival outcomes. More investigations
need to be performed to support these findings using a larger number of cases of each pRCC (type I & II) and chRCC
subtypes.

Conclusion
In summary, bioinformatics analysis indicated Talin-1 protein as a potential focal adhesion prognostic marker in RCC. We,
therefore, confirmed and validated the expression of Talin-1 protein using the IHC technique in three important subtypes of
RCC. Our finding demonstrated that Talin-1 protein is upregulated in human RCC tissues compared to adjacent normal
tissues. Our results also for the first time revealed that the statistically significant differences between membranous and
cytoplasmic Talin-1 protein expression in various histological subtypes of RCC. A better understanding of the histological
subtypes in RCC is urgently needed for further development of treatment options. Moreover, the current study indicates that
membranous and cytoplasmic Talin-1 protein expression, particularly cytoplasmic expression compared to nuclear
expression plays an important role in more aggressive tumor behaviors, metastasis, and progression of ccRCC. In addition,
high membranous and cytoplasmic expression of Talin-1 protein was identified as a worse prognostic variable affecting DSS
or PFS in univariate analysis, indicating that Talin-1 may serve as a novel prognostic biomarker in ccRCC if follow up time
more extended. However, further studies on the function and mechanism of action of Talin-1 is a requirement to provide new
opportunities for therapeutic targeting of RCC.
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Table 1.

Patients and tumor pathological characteristics of histological subtypes of renal cell carcinoma (RCC)
 

Patients and tumor characteristics

Total samples

N (%)

RCC

ccRCC N(%) pRCC N(%) chRCC N(%)

Type I Type II

Mean age, years (Range)

 ≤ Mean age

> Mean age

56 (25-82)

135 (50.2)

134 (49.8)

57 (25-82)

98 (50.3)

97 (49.7)

57 (33-76)

11 (55.0)

9 (45.0)

51 (25-73)

10 (50.0)

10 (50.0)

49 (27-76)

17 (50.0)

17 (50.0)

Gender

Male

Female

(Male/Female)

 

183 (68.0)

86 (32.0)

2.1

 

130 (66.7)

65 (33.3)

2.0

 

17 (85.0)

3 (15.0)

5.6

 

16 (80.0)

4 (20.0)

4.0

 

20 (58.8)

14 (41.2)

1.4

Tumor size (cm)

<4

4.1–7

7.1–10

>10.1

 

52 (19.3)

97 (36.1)

61 (22.7)

59 (21.9)

 

41 (21.0)

68 (34.9)

49 (25.1)

37 (19.0)

 

4 (20.0)

8 (40.0)

3 (15.0)

5 (25.0)

 

3 (15.0)

6 (30.0)

4 (20.0)

7 (35.0)

 

4 (11.8)

15 (44.1)

5 (14.7)

10 (29.4)

Nucleolar grade

I

II

III

IV

 

11 (4.1)

130 (48.3)

82 (30.5)

12 (4.5)

 

11 (5.6)

114 (58.5)

58 (29.7)

12 (6.2)

 

0 (0.0)

13 (65.0)

7 (35.0)

0 (0.0)

 

0 (0.0)

3 (15.0)

17 (85.0)

0 (0.0)

 

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Primary tumor (PT) stage

pT1

pT2

pT3

pT4

 

80 (29.7)

27 (10.0)

145 (53.9)

17 (6.3)

 

66 (33.8)

18 (9.2)

100 (51.3)

11 (5.6)

 

7 (35.0)

6 (30.0)

7 (35.0)

0 (0.0)

 

2 (10.0)

1 (5.0)

12 (60.0)

5 (25.0)

 

5 (14.7)

2 (5.9)

26 (76.5)

1 (2.9)

Microvascular invasion (MVI)

Present

Absent

Not identified

 

53 (19.7)

215 (79.9)

1 (0.4)

 

36 (18.5)

159 (81.5)

0 (0.0)

 

2 (10.0)

18 (90.0)

0 (0.0)

 

6 (30.0)

14 (70.0)

0 (0.0)

 

9 (26.5)

24 (70.6)

1 (2.9)

Lymph node invasion (LNI)

Involved

None

Not identified

 

14 (5.2)

208 (77.3)

47 (17.5)

 

10 (5.1)

141 (72.3)

44 (22.6)

 

1 (5.0)

17 (85.0)

2 (10.0)

 

3 (15.0)

16 (80.0)

1 (5.0)

 

0 (0.0)

34 (100.0)

0 (0.0)

Renal vein invasion          
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Present

Absent

24 (8.9)

245 (91.1)

21 (10.8)

174 (89.2)

0 (0.0)

20 (100.0)

3 (15.0)

17 (85.0)

0 (0.0)

34 (100.0)

Histological tumor necrosis (TN)

Present

Absent

Not identified

 

109 (40.5)

157 (58.4)

3 (1.1)

 

72 (36.9)

122 (62.6)

1 (0.5)

 

12 (60.0)

8 (40.0)

0(0.0)

 

15 (75.0)

5 (25.0)

0 (0.0)

 

10 (29.4)

22 (64.7)

2 (5.9)

Renal sinus fat invasion

Present

Absent

 

149 (55.4)

120 (44.6)

 

104 (53.3)

91 (46.7)

 

3 (15.0)

17 (85.0)

 

17 (85.0)

3 (15.0)

 

25 (73.5)

9 (26.5)

Renal pelvis invasion

Present

Absent

 

30 (11.2)

239 (88.8)

 

23 (11.8)

172 (88.2)

 

0 (0.0)

20 (100.0)

 

7 (35.0)

13 (65.0)

 

0 (0.0)

34 (100.0)

Perirenal fat invasion

Present

Absent

 

59 (21.9)

210 (78.1)

 

46 (23.6)

149 (76.4)

 

3 (15.0)

17 (85.0)

 

4 (20.0)

16 (80.0)

 

6 (17.6)

28 (82.4)

Gerota’s fascia invasion

Present

Absent

 

19 (7.1)

250 (92.9)

 

19 (9.7)

176 (90.3)

 

0 (0.0)

20 (100.0)

 

0 (0.0)

20 (100.0)

 

0 (0.0)

34 (100.0)

Distant metastasis

Present

Absent

 

55 (20.4)

214 (79.6)

 

46 (23.6)

149 (76.4)

 

1 (5.0)

19 (95.0)

 

5 (25.0)

15 (75.0)

 

3 (8.8)

31 (91.2)

Tumor recurrence

Yes

No

 

41 (15.2)

228 (84.8)

 

35 (17.9)

160 (82.1)

 

1 (5.0)

19 (95.0)

 

2 (10.0)

18 (90.0)

 

3 (8.8)

31 (91.2)

Total 269 195 20 20 34

ccRCC; clear cell renal cell carcinoma, pRCC; papillary renal cell carcinoma, chRCC; chromophobe renal cell carcinoma 
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Table 2.

Membranous, cytoplasmic, and nuclear Talin-1 protein expression (Intensity of staining, percentage of positive tumor cells,
and H-score) in histological subtypes of RCC

Scoring system Membranous expression N
(%)

Cytoplasmic expression N
(%)

Nuclear expression N (%)

RCC subtypes ccRCC pRCC

 (Type I
& II)

chRCC ccRCC pRCC

 (Type I
& II)

chRCC ccRCC pRCC

 (Type I
& II)

chRCC

Intensity of staining

No staining (0)

Weak (+1)

Moderate (+2)

Strong (+3)

 

0 (0.0)

22
(11.3)

74
(37.9)

99
(50.8)

 

0 (0.0)

1 (2.5)

18
(45.0)

21
(52.5)

 

0 (0.0)

3 (8.8)

8
(23.5)

23
(67.6)

 

0 (0.0)

29
(14.9)

70
(35.9)

96
(49.2)

 

0 (0.0)

3 (7.5)

17
(42.5)

20
(50.0)

 

0 (0.0)

5
(14.7)

17
(50.0)

12
(35.3)

 

15
(7.7)

70
(35.9)

74
(37.9)

36
(18.5)

 

17
(42.5)

14
(35.0)

5 (12.5)

4 (10.0)

 

9
(26.5)

6
(17.6)

8
(23.5)

11
(32.4)

Percentage of positive
tumor cells

<25%

25–50%

51-  75%

> 75%

 

0 (0.0)

2 (1.0)

19
(9.7)

174
(89.2)

 

2 (5.0)

2 (5.0)

3 (7.5)

33
(82.5)

 

0 (0.0)

1 (2.9)

4
(11.8)

29
(85.3)

 

0 (0.0)

2 (1.0)

25
(12.8)

168
(86.2)

 

2 (5.0)

2 (5.0)

3 (7.5)

33
(82.5)

 

0 (0.0)

2 (5.9)

6
(17.6)

26
(76.5)

 

25
(12.8)

38
(19.5)

23
(11.8)

109
(55.9)

 

19
(47.5)

5 (12.5)

1 (2.5)

15
(37.5)

 

12
(35.3)

4
(11.8)

3 (8.8)

15
(44.1)

H-score cut off

Low

High

 

99
(50.8)

96
(49.2)

 

21
(52.5)

19
(47.5)

 

18
(52.9)

16
(47.1)

 

102
(52.3)

93
(47.7)

 

23
(57.5)

17
(42.5)

 

22
(64.7)

12
(35.3)

 

99
(50.8)

96
(49.2)

 

23
(57.5)

17
(42.5)

 

17
(50.0)

17
(50.0)

Total 195 40 34 195 40 34 195 40 34

H-score; histological score

RCC; renal cell carcinoma

ccRCC; clear cell renal cell carcinoma, pRCC; papillary renal cell carcinoma, chRCC; chromophobe renal cell carcinoma
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Table 3.

Association between median membranous, cytoplasmic, and nuclear Talin-1 protein expression patterns and histological
subtypes of RCC

Histological
subtypes

Membranous P-
value

Median

Q1-Q3

Cytoplasmic P-
value

Median

Q1-Q3

Nuclear P-
value

Median

Q1-Q3

ccRCC  200 <
0.001

200-
300

200 0.003 160-
270

100 0.904 50- 200

 

pRCC

Type I 200  200-
300

200 185-
300

35 0- 100

Type II 220 145-
300

220 145-
300

50.0 0- 100

chRCC 240 200-
300

200 120-
240

135 0- 210

P value is based on Kruskal- Wallis test

Values in bold are statistically significant

RCC; renal cell carcinoma

ccRCC; clear cell renal cell carcinoma, pRCC; papillary renal cell carcinoma, chRCC; chromophobe renal cell carcinoma
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Table 4.

The association between Talin-1 protein expression and clinicopathological parameters of clear cell renal cell carcinoma
(ccRCC)

 

Patient and tumor
characteristics

 

Total
samples

N (%)

Membranous
expression N (%)

 

 

P-
value

Cytoplasmic
expression N (%)

 

 

P-
value

Nuclear
expression N
(%)

 

 

P-
value

H-score (cut off =
200) N (%)

H-score (cut off
= 200) N (%)

H-score (cut
off = 100) N
(%)

Low
(≤
200)

High (>
200)

Low
(≤
200)

High
(>
200)

Low
(≤
100)

High
(>
100)

ccRCC 195
(72.5)

99
(50.8)

96
(49.2)

102
(52.3)

93
(47.7)

99
(50.8)

96
(49.2)

Mean age, years
(Range)

≤ Mean age

> Mean age

57 (25-
82)

98
(50.3)

97
(49.7)

 

52
(52.5)

47
(47.5)

 

46
(47.9)

50
(52.1)

 

0.520

 

55
(53.9)

47
(46.1)

 

43
(46.2)

50
(53.8)

 

0.284

 

 

52
(52.5)

47
(47.5)

 

46
(47.9)

50
(52.1)

 

0.520

Gender

Male

Female

 

130
(66.7)

65
(33.3)

 

67
(67.7)

32
(32.3)

 

63
(65.6)

33
(34.4)

 

0.761

 

70
(68.6)

32
(31.4)

 

60
(64.5)

33
(35.5)

 

0.543

 

66
(66.7)

33
(33.3)

 

64
(66.7)

32
(33.3)

 

0.100

Tumor size (cm)

<4

4.1-7

7.1-10

>10.1

 

41
(21.0)

68
(34.9)

49
(25.1)

37
(19.0)

 

23
(23.2)

30
(30.3)

27
(27.3)

19
(19.2)

 

18
(18.8)

38
(39.6)

22
(22.9)

18
(18.8)

 

 

0.564

 

23
(22.5)

32
(31.4)

28
(27.5)

19
(18.6)

 

18
(19.4)

36
(38.7)

21
(22.6)

18
(19.4)

 

 

0.692

 

 

18
(18.2)

34
(34.3)

29
(29.3)

18
(18.2)

 

23
(24.0)

34
(35.4)

20
(20.8)

19
(19.8)

 

 

0.523

 

Nucleolar grade

I + II

III + IV

 

125
(64.1)

70
(35.9)

 

77
(77.8)

22
(22.2)

 

48
(50.0)

48
(50.0)

 

<
0.001

 

78
(76.5)

24
(23.5)

 

47
(50.5)

46
(49.5)

 

<
0.001

 

60
(60.6)

39
(39.4)

 

65
(67.7)

31
(32.3)

 

 

0.301

Primary tumor (PT)
stage

pT1 + pT2

pT3 + pT4

 

84
(43.1)

111
(56.9)

 

45
(45.5)

54
(54.5)

 

39
(40.6)

57
(59.4)

 

0.496

 

45
(44.1)

57
(55.9)

 

39
(41.9)

54
(58.1)

 

0.759

 

46
(46.5)

53
(53.5)

 

38
(39.6)

58
(60.4)

 

0.332

Microvascular
invasion (MVI)

Present

 

36
(18.5)

 

11
(11.1)

 

25
(26.0)

 

0.007

 

11
(10.8)

 

25
(26.9)

 

0.004

 

17
(17.2)

 

19
(19.8)

 

0.637
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Absent 159
(81.5)

88
(88.9)

71
(74.0)

91
(89.2)

68
(73.1)

82
(82.8)

77
(80.2)

Lymph node invasion
(LNI)

Involved

None

Not identified

 

10 (5.1)

141
(72.3)

44
(22.6)

 

3 (3.0)

76
(76.8)

20
(20.2)

 

7 (7.3)

65
(67.7)

24
(25.0)

 

 

0.250

 

3 (2.9)

78
(76.5)

21
(20.6)

 

7 (7.5)

63
(67.7)

23
(24.7)

 

 

0.237

 

 

6
(6.1)

67
(67.7)

26
(26.3)

 

4
(4.2)

74
(77.1)

18
(18.8)

 

 

0.340

Renal vein invasion

Present

Absent

 

21
(10.8)

174
(89.2)

 

10
(10.1)

89
(89.9)

 

11
(11.5)

85
(88.5)

 

0.760

 

 

11
(10.8)

91
(89.2)

 

10
(10.8)

83
(89.2)

 

0.994

 

11
(11.1)

88
(88.9)

 

10
(10.4)

86
(89.6)

 

0.876

 

Histological tumor
necrosis (TN)
 Present

Absent

Not identified

 

72
(36.9)

122
(62.6)

1 (0.5)

 

28
(28.3)

71
(71.7)

0 (0.0)

 

44
(45.8)

51
(53.1)

1 (1.0)

 

 

0.020

 

29
(28.4)

73
(71.6)

0 (0.0)

 

43
(46.2)

49
(52.7)

1 (1.1)

 

 

 0.018

 

36
(36.4)

62
(62.6)

1
(1.0)

 

36
(37.5)

60
(62.5)

0
(0.0)

 

 

0.611

Renal sinus fat
invasion

Present

Absent

 

104
(53.3)

91
(46.7)

 

48
(48.5)

51
(51.5)

 

56
(58.3)

40
(41.7)

 

0.168

 

48
(47.1)

54
(52.9)

 

56
(60.2)

37
(39.8)

 

0.066

 

53
(53.5)

46
(46.5)

 

51
(53.1)

45
(46.9)

 

0.954

Renal pelvis invasion

Present

Absent

 

23
(11.8)

172
(88.2)

 

7 (7.1)

92
(92.9)

 

16
(16.7)

80
(83.3)

 

0.038

 

8 (7.8)

94
(92.5)

 

15
(16.1)

78
(83.9)

 

0.073

 

 

19
(19.2)

80
(80.8)

 

4
(4.2)

92
(95.8)

 

0.111

Perirenal fat invasion

Present

Absent

 

46
(23.6)

149
(76.4)

 

19
(19.2)

80
(80.8)

 

27
(28.1)

69
(71.9)

 

0.142

 

20
(19.6)

82
(80.4)

 

26
(28.0)

67
(72.0)

 

0.170

 

28
(28.3)

71
(71.7)

 

18
(18.8)

78
(81.3)

 

0.117

Gerota’s fascia
invasion

Present

Absent

 

19 (9.7)

176
(90.3)

 

5 (5.1)

94
(94.9)

 

14
(14.6)

82
(85.4)

 

0.025

 

6 (5.9)

96
(94.1)

 

13
(14.0)

80
(86.0)

 

0.050

 

12
(12.1)

87
(87.9)

 

7
(7.3)

89
(92.7)

 

0.256

 

Distant metastasis

Present

Absent

 

46
(23.6)

 

21
(21.2)

 

25
(26.0)

 

0.427

 

23
(22.5)

 

23
(24.7)

 

0.720

 

29
(29.3)

 

17
(17.7)

 

0.057
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149
(76.4)

78
(78.8)

71
(74.0)

79
(77.5)

70
(75.3)

70
(70.7)

79
(82.3)

Tumor recurrence

Yes

No

 

35
(17.9)

160
(82.1)

 

17
(17.2)

82
(82.8)

 

18
(18.8)

78
(81.3)

 

0.774

 

18
(17.6)

84
(82.4)

 

17
(18.3)

76
(81.7)

 

0.908

 

20
(20.2)

79
(79.8)

 

15
(15.6)

81
(84.4)

 

0.405

 

P value; Pearson's chi-square

H-score; histological score

Values in bold are statistically significant
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Table 5.

The association between Talin-1 protein expression and clinicopathological parameters of papillary renal cell carcinoma
(pRCC) Type I

 

Patient and
tumor
characteristics

 

Total
samples

N (%)

Membranous
expression N (%)

 

 

P-
value

Cytoplasmic
expression N (%)

 

 

P-
value

Nuclear
expression N (%)

 

 

P-
value

H-score (cut off =
200) N (%)

H-score (cut off =
200) N (%)

H-score (cut off =
35) N (%)

Low (≤
200)

High (>
200)

Low (≤
200)

High (>
200)

Low
(≤ 35)

High (>
35)

pRCC Type I 20
(7.45)

11(55.0) 9
(45.0)

13(65.0) 7
(35.0)

10
(50.0)

10
(50.0)

Mean age,
years (Range)

≤ Mean age

> Mean age

55 (33-
76)

11
(55.0)

9 (45.0)

 

5 (45.5)

6 (54.5)

 

2
(22.2)

7
(77.8)

 

0.279

 

6 (46.2)

7 (53.8)

 

1
(14.3)

6
(85.7)

 

0.154

 

4
(40.0)

6
(60.0)

 

3
(30.0)

7
(70.0)

 

0.639

Gender

Male

Female

 

17
(85.0)

3 (15.0)

 

9 (81.8)

2 (18.2)

 

8
(88.9)

1
(11.1)

 

0.660

 

11
(84.6)

2 (15.4)

 

6
(85.7)

1
(14.3)

 

0.948

 

7
(70.0)

3
(30.0)

 

10
(100.0)

0 (0.0)

 

0.060

Tumor size
(cm)

<4

4.1-7

7.1-10

>10.1

 

4 (20.0)

8 (40.0)

3 (15.0)

5 (25.0)

 

2 (18.2)

6 (54.5)

2 (18.2)

1 (9.1)

 

2
(22.2)

2
(22.2)

1
(11.1)

4
(44.4)

 

 

0.264

 

3 (23.1)

6 (46.2)

3 (23.1)

1 (7.7)

 

1
(14.3)

2
(28.6)

0 (0.0)

4
(57.1)

 

 

0.086

 

 

3
(30.0)

4
(40.0)

1
(10.0)

2
(20.0)

 

1
(10.0)

4
(40.0)

2
(20.0)

3
(30.0)

 

 

0.675

 

Nucleolar
grade

I + II

III + IV

 

13
(65.0)

7 (35.0)

 

7 (63.6)

4 (36.4)

 

6
(66.7)

3
(33.3)

 

0.888

 

8 (61.5)

5 (38.5)

 

5
(71.4)

2
(28.6)

 

0.658

 

7
(70.0)

3
(30.0)

 

6
(60.0)

4
(40.0)

 

0.639

Primary tumor
(PT) stage

pT1 + pT2

pT3 + pT4

 

13
(65.0)

7 (35.0)

 

8 (72.7)

3 (27.3)

 

5
(55.6)

4
(44.4)

 

0.423

 

9 (69.2)

4 (30.8)

 

4
(57.1)

3
(42.9)

 

0.589

 

 

7
(70.0)

3
(30.0)

 

6
(60.0)

4
(40.0)

 

0.639

 

Microvascular
invasion (MVI)

Present

Absent

 

2 (10.0)

18
(90.0)

 

1 (9.1)

10 (90.9)

 

1
(11.1)

8
(88.9)

 

0.881

 

1 (7.7)

12
(92.3)

 

1
(14.3)

6
(85.7)

 

0.639

 

 

1
(10.0)

9
(90.0)

 

1
(10.0)

9
(90.0)

 

1.00
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Lymph node
invasion (LNI)

Involved

None

Not identified

 

1 (5.0)

17
(85.0)

2 (10.0)

 

0 (0.0)

10 (90.9)

1 (9.1)

 

1
(11.1)

7
(77.8)

1
(11.1)

 

 

0.511

 

0 (0.0)

11
(84.6)

2 (15.4)

 

1
(14.3)

6
(85.7)

0 (0.0)

 

 

0.231

 

 

0 (0.0)

9
(90.0)

1
(10.0)

 

1
(10.0)

8
(80.0)

1
(10.0)

 

 

0.589

Renal vein
invasion

Present

Absent

 

0 (0.0)

20
(100.0)

 

0 (0.0)

11(100.0)

 

0 (0.0)

9
(100.0)

 

*-

 

0 (0.0)

13
(100.0)

 

0 (0.0)

7
(100.0)

 

*-

 

0 (0.0)

10
(100.0)

 

0 (0.0)

10
(100.0)

 

*-

Histological
tumor
necrosis(TN)
 Present

Absent

 

12
(60.0)

8 (40.0)

 

6 (54.5)

5 (45.5)

 

6
(66.7)

3
(33.3)

 

0.582

 

7 (53.8)

6 (46.2)

 

5
(71.4)

2
(28.6)

 

0.444

 

4
(40.0)

6
(60.0)

 

8
(80.0)

2
(20.0)

 

0.068

Renal sinus
fat invasion

Present

Absent

 

3 (15.0)

17
(85.0)

 

2 (18.2)

9 (81.8)

 

1
(11.1)

8
(88.9)

 

0.660

 

2 (15.4)

11
(84.6)

 

1
(14.3)

6
(85.7)

 

0.948

 

1
(10.0)

9
(90.0)

 

2
(20.0)

8
(80.0)

 

0.531

Renal pelvis
invasion

Present

Absent

 

0 (0.0)

20
(100.0)

 

0 (0.0)

11(100.0)

 

0 (0.0)

9
(100.0)

 

*-

 

0 (0.0)

13
(100.0)

 

0 (0.0)

7
(100.0)

 

*-

 

0 (0.0)

10
(100.0)

 

0 (0.0)

10
(100.0)

 

*-

Perirenal fat
invasion

Present

Absent

 

3 (15.0)

17
(85.0)

 

2 (18.2)

9 (81.8)

 

1
(11.1)

8
(88.9)

 

0.660

 

3 (23.1)

10
(76.9)

 

0 (0.0)

7
(100.0)

 

0.168

 

2
(20.0)

8
(80.0)

 

1
(10.0)

9
(90.0)

 

0.531

Gerota’s
fascia
invasion

Present

Absent

 

0 (0.0)

20
(100.0)

 

0 (0.0)

11(100.0)

 

0 (0.0)

9
(100.0)

 

*-

 

0 (0.0)

13
(100.0)

 

0 (0.0)

7
(100.0)

 

*-

 

0 (0.0)

10
(100.0)

 

0 (0.0)

10
(100.0)

 

*-

Distant
metastasis

Present

Absent

 

1 (5.0)

19
(95.0)

 

0 (0.0)

11
(100.0)

 

1
(11.1)

8
(88.9)

 

0.257

 

0 (0.0)

13
(100.0)

 

1
(14.3)

6
(85.7)

 

0.162

 

 

0 (0.0)

10
(100.0)

 

1
(10.0)

9
(90.0)

 

0.305

 

Tumor
recurrence

Yes

No

 

1 (5.0)

19
(95.0)

 

0 (0.0)

11
(100.0)

 

1
(11.1)

 

0.257

 

0 (0.0)

13
(100.0)

 

1
(14.3)

 

0.162

 

 

0 (0.0)

10
(100.0)

 

1
(10.0)

 

0.305
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8
(88.9)

6
(85.7)

9
(90.0)

P value; Pearson's chi-square

H-score; histological score

*: No statistical are computed because the parameter is constant
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Table 6.

The association between Talin-1 protein expression and clinicopathological parameters of papillary renal cell carcinoma
(pRCC) Type II

 

Patient and tumor
characteristics

 

Total
samples

N (%)

Membranous
expression N (%)

 

 

P-
value

Cytoplasmic
expression N (%)

 

 

P-
value

Nuclear
expression N (%)

 

 

P-
value

H-score (cut off =
220) N (%)

H-score (cut off =
220) N (%)

H-score (cut off =
50) N (%)

Low (≤
220)

High (>
220)

Low
(≤
220)

High (>
220)

Low
(≤ 50)

High (>
50)

pRCC Type II 20
(7.45)

10
(50.0)

10
(50.0)

10
(50.0)

10
(50.0)

11
(55.0)

9
(45.0)

Mean age, years
(Range)

≤ Mean age

> Mean age

53 (25-
73)

10
(50.0)

10
(50.0)

 

7
(70.0)

3
(30.0)

 

3
(30.0)

7
(70.0)

 

0.074

 

7
(70.0)

3
(30.0)

 

3
(30.0)

7
(70.0)

 

0.074

 

6
(54.5)

5
(45.5)

 

4
(44.4)

5
(55.6)

 

0.653

Gender

Male

Female

 

16
(80.0)

4 (20.0)

 

8
(80.0)

2
(20.0)

 

8
(80.0)

2
(20.0)

 

1.000

 

8
(80.0)

2
(20.0)

 

8
(80.0)

2
(20.0)

 

1.000

 

9
(81.8)

2
(18.2)

 

7
(77.8)

2
(22.2)

 

0.822

Tumor size (cm)

<4

4.1-7

7.1-10

>10.1

 

3 (15.0)

6 (30.0)

4 (20.0)

7 (35.0)

 

3
(30.0)

3
(30.0)

1
(10.0)

3
(30.0)

 

0 (0.0)

3
(30.0)

3
(30.0)

4
(40.0)

 

 

0.246

 

3
(30.0)

3
(30.0)

1
(10.0)

3
(30.0)

 

0 (0.0)

3
(30.0)

3
(30.0)

4
(40.0)

 

 

0.246

 

1 (9.1)

3
(27.3)

2
(18.2)

5
(45.5)

 

2
(22.2)

3
(33.3)

2
(22.2)

2
(22.2)

 

 

0.698

 

Nucleolar grade

I + II

III + IV

 

3 (15.0)

17
(85.0)

 

2
(20.0)

8
(80.0)

 

1
(10.0)

9
(90.0)

 

0.531

 

2
(20.0)

8
(80.0)

 

1
(10.0)

9
(90.0)

 

0.531

 

2
(18.2)

9
(81.8)

 

1
(11.1)

8
(88.9)

 

0.660

Primary tumor
(PT) stage

pT1 + pT2

pT3 + pT4

 

3 (15.0)

17
(85.0)

 

1
(10.0)

9
(90.0)

 

2
(20.0)

8
(80.0)

 

0.531

 

1
(10.0)

9
(90.0)

 

2
(20.0)

8
(80.0)

 

0.531

 

0 (0.0)

11
(100.0)

 

3
(33.3)

6
(66.7)

 

0.058

Microvascular
invasion (MVI)

Present

Absent

 

6 (30.0)

14
(70.0)

 

4
(40.0)

 

2
(20.0)

 

0.329

 

 

4
(40.0)

 

2
(20.0)

 

0.329

 

 

4
(36.4)

 

2
(22.2)

 

0.492
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6
(60.0)

8
(80.0)

6
(60.0)

8
(80.0)

7
(63.6)

7
(77.8)

Lymph node
invasion (LNI)

Involved

None

Not identified

 

3 (15.0)

16
(80.9)

1 (5.0)

 

3
(30.0)

6
(60.0)

1
(10.0)

 

0 (0.0)

10
(100.0)

0 (0.0)

 

 

0.082

 

 

3
(30.0)

6
(60.0)

1
(10.0)

 

0 (0.0)

10
(100.0)

0 (0.0)

 

 

0.082

 

 

2
(18.2)

8
(72.7)

1 (9.1)

 

1
(11.1)

8
(88.9)

0 (0.0)

 

 

0.564

Renal vein
invasion

Present

Absent

 

3 (15.0)

17
(85.0)

 

3
(30.0)

7
(70.0)

 

0 (0.0)

10
(100.0)

 

0.060

 

3
(30.0)

7
(70.0)

 

0 (0.0)

10
(100.0)

 

0.060

 

2
(18.2)

9
(81.8)

 

1
(11.1)

8
(88.9)

 

0.660

 

Histological
tumor
necrosis(TN)
 Present

Absent

 

15
(75.0)

5 (25.0)

 

6
(60.0)

4
(40.0)

 

9
(90.0)

1
(10.0)

 

0.121

 

6
(60.0)

4
(40.0)

 

9
(90.0)

1
(10.0)

 

0.121

 

8
(72.7)

3
(27.3)

 

7
(77.8)

2
(22.2)

 

0.795

Renal sinus fat
invasion

Present

Absent

 

17
(85.0)

3 (15.0)

 

8
(80.0)

2
(20.0)

 

9
(90.0)

1
(10.0)

 

0.531

 

8
(80.0)

2
(20.0)

 

9
(90.0)

1
(10.0)

 

0.531

 

10
(90.9)

1 (9.1)

 

7
(77.8)

2
(22.2)

 

0.413

Renal pelvis
invasion

Present

Absent

 

7 (35.0)

13
(65.0)

 

5
(50.0)

5
(50.0)

 

2
(20.0)

8
(80.0)

 

0.160

 

 

5
(50.0)

5
(50.0)

 

2
(20.0)

8
(80.0)

 

0.160

 

 

4
(36.4)

7
(63.6)

 

3
(33.3)

6
(66.7)

 

0.888

 

Perirenal fat
invasion

Present

Absent

 

4 (20.0)

16
(80.0)

 

3
(30.0)

7
(70.0)

 

1
(10.0)

9
(90.0)

 

0.264

 

3
(30.0)

7
(70.0)

 

1
(10.0)

9
(90.0)

 

0.264

 

3
(27.3)

8
(72.7)

 

1
(11.1)

8
(88.9)

 

0.369

Gerota’s fascia
invasion

Present

Absent

 

0 (0.0)

20
(100.0)

 

0 (0.0)

10
(100.0)

 

0 (0.0)

10
(100.0)

 

*-

 

0 (0.0)

10
(100.0)

 

0 (0.0)

10
(100.0)

 

*-

 

0 (0.0)

11
(100.0)

 

0 (0.0)

9
(100.0)

 

*-

Distant
metastasis

Present

Absent

 

5 (25.0)

15
(75.0)

 

3
(30.0)

7
(70.0)

 

2
(20.0)

8
(80.0)

 

0.606

 

 

3
(30.0)

7
(70.0)

 

2
(20.0)

8
(80.0)

 

0.606

 

 

4
(36.4)

7
(63.6)

 

1
(11.1)

8
(88.9)

 

0.194

 

Tumor recurrence                    
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Yes

No

2 (10.0)

18
(90.0)

1
(10.0)

9
(90.0)

1
(10.0)

9
(90.0)

1.000 1
(10.0)

9
(90.0)

1
(10.0)

9
(90.0)

1.000 2
(18.2)

9
(81.8)

0 (0.0)

9
(100.0)

0.178

 

P value; Pearson's chi-square

H-score; histological score

*: No statistical are computed because the parameter is constant
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Table 7.

The association between Talin-1 protein expression and clinicopathological parameters of chromophobe renal cell carcinoma
(chRCC)

 

Patient and tumor
characteristics

 

Total
samples

N (%)

Membranous
expression N (%)

 

 

P-
value

Cytoplasmic
expression N (%)

 

 

P-
value

Nuclear
expression N (%)

 

 

P-
value

H-score (cut off =
240) N (%)

H-score (cut off =
200) N (%)

H-score (cut off =
135) N (%)

Low (≤
240)

High (>
240)

Low
(≤
200)

High (>
200)

Low
(≤
135)

High (>
135)

chRCC 34
(12.6)

18
(52.9)

16
(47.1)

22
(64.7)

12
(35.3)

17
(50.0)

17
(50.0)

Mean age, years
(Range)

≤ Mean age

> Mean age

49 (27-
76)

17
(50.0)

17
(50.0)

 

8
(44.4)

10
(55.6)

 

9
(56.3)

7
(43.8)

 

0.492

 

9
(40.9)

13
(59.1)

 

8
(66.7)

4
(33.3)

 

0.151

 

7
(41.2)

10
(58.8)

 

10
(58.8)

7
(41.2)

 

0.303

Gender

Male

Female

 

20
(58.8)

14
(41.2)

 

10
(55.6)

8
(44.4)

 

10
(62.5)

6
(37.5)

 

0.681

 

12
(54.5)

10
(45.5)

 

8
(66.7)

4
(33.3)

 

0.493

 

10
(58.8)

7
(41.2)

 

10
(58.8)

7
(41.2)

 

0.100

Tumor size (cm)

<4

4.1-7

7.1-10

>10.1

 

4 (11.8)

15
(44.1)

5 (14.7)

10
(29.4)

 

3
(16.7)

9
(50.0)

2
(11.1)

4
(22.2)

 

1 (6.3)

6
(37.5)

3
(18.8)

6
(37.5)

 

 

0.554

 

3
(13.6)

9
(40.9)

3
(13.6)

7
(31.8)

 

1 (8.3)

6
(50.0)

2
(16.7)

3
(25.0)

 

 

0.918

 

 

1 (5.9)

10
(58.8)

2
(11.8)

4
(23.5)

 

3
(17.6)

5
(29.4)

3
(17.6)

6
(35.3)

 

 

0.352

 

Primary tumor
(PT) stage

pT1 + pT2

pT3 + pT4

 

7 (20.6)

27
(79.4)

 

6
(33.3)

12
(66.7)

 

1 (6.3)

15
(93.8)

 

0.050

 

4
(18.2)

18
(81.8)

 

3
(25.0)

9
(75.0)

 

0.639

 

5
(29.4)

12
(70.6)

 

2
(11.8)

15
(88.2)

 

0.203

Microvascular
invasion (MVI)

Present

Absent

Not identified

 

9 (26.5)

24
(70.6)

1 (2.9)

 

2
(11.1)

15
(83.3)

1 (5.6)

 

7
(43.8)

9
(56.3)

0 (0.0)

 

 

0.075

 

6
(27.3)

16
(72.7)

0 (0.0)

 

3
(25.0)

8
(66.7)

1 (8.3)

 

 

0.389

 

 

5
(29.4)

12
(70.6)

0 (0.0)

 

4
(23.5)

12
(70.6)

1 (5.9)

 

 

0.574

 

Lymph node
invasion (LNI)

Involved

 

0 (0.0)

 

0 (0.0)

 

0 (0.0)

 

*-

 

0 (0.0)

 

0 (0.0)

 

*-

 

0 (0.0)

 

0 (0.0)

 

*-
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None 34
(100.0)

18
(100.0)

16
(100.0)

  22
(100.0)

12
(100.0)

  17
(100.0)

17
(100.0)

 

Renal vein
invasion

Present

Absent

 

0 (0.0)

34
(100.0)

 

0 (0.0)

18
(100.0)

 

0 (0.0)

16
(100.0)

 

*-

 

 

0 (0.0)

22
(100.0)

 

0 (0.0)

12
(100.0)

 

*-

 

 

0 (0.0)

17
(100.0)

 

0 (0.0)

17
(100.0)

 

*-

 

Histological
tumor
necrosis(TN)
 Present

Absent

Not identified

 

10
(29.4)

22
(64.7)

2 (5.9)

 

5
(27.8)

11
(61.1)

2
(11.1)

 

5
(31.3)

11
(68.8)

0 (0.0)

 

 

0.389

 

7
(31.8)

14
(63.6)

1 (4.5)

 

3
(25.0)

8
(66.7)

1 (8.3)

 

 

0.851

 

6
(35.3)

10
(58.8)

1 (5.9)

 

4
(23.5)

12
(70.6)

1 (5.9)

 

 

0.748

Renal sinus fat
invasion

Present

Absent

 

25
(73.5)

9 (26.5)

 

13
(72.2)

5
(27.8)

 

12
(75.0)

4
(25.0)

 

0.855

 

17
(77.3)

5
(22.7)

 

8
(66.7)

4
(33.3)

 

0.503

 

13
(76.5)

4
(23.5)

 

12
(70.6)

5
(29.4)

 

 

0.697

Renal pelvis
invasion

Present

Absent

 

0 (0.0)

34
(100.0)

 

0 (0.0)

18
(100.0)

 

0 (0.0)

16
(100.0)

 

*-

 

 

0 (0.0)

22
(100.0)

 

0 (0.0)

12
(100.0)

 

*-

 

 

0 (0.0)

17
(100.0)

 

0 (0.0)

17
(100.0)

 

*-

 

Perirenal fat
invasion

Present

Absent

 

6 (17.6)

28
(82.4)

 

2
(11.1)

16
(88.9)

 

4
(25.0)

12
(75.0)

 

0.289

 

6
(27.3)

16
(72.7)

 

0 (0.0)

12
(100.0)

 

0.056

 

3
(17.6)

14
(82.4)

 

3
(17.6)

14
(82.4)

 

1.000

Gerota’s fascia
invasion

Present

Absent

 

0 (0.0)

34
(100.0)

 

0 (0.0)

18
(100.0)

 

0 (0.0)

16
(100.0)

 

*-

 

 

0 (0.0)

22
(100.0)

 

0 (0.0)

12
(100.0)

 

*-

 

 

0 (0.0)

17
(100.0)

 

0 (0.0)

17
(100.0)

 

*-

 

Distant
metastasis

Present

Absent

 

3 (8.8)

31
(91.2)

 

2
(11.1)

16
(88.9)

 

1 (6.3)

15
(93.8)

 

0.618

 

 

3
(13.6)

19
(86.4)

 

0 (0.0)

12
(100.0)

 

0.180

 

 

3
(17.6)

14
(82.4)

 

0 (0.0)

17
(100.0)

 

0.070

 

Tumor recurrence

Yes

No

 

3 (8.8)

31
(91.2)

 

3
(16.7)

15
(83.3)

 

0 (0.0)

16
(100.0)

 

0.087

 

2 (9.1)

20
(90.9)

 

1 (8.3)

11
(91.7)

 

0.941

 

2
(11.8)

15
(88.2)

 

1 (5.9)

16
(94.1)

 

0.545

 

P value; Pearson's chi-square

H-score; histological score
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Values in bold are statistically significant

* : No statistical are computed because the parameter is constant

 

Table 8.

The main characteristics of patients enrolled for survival analysis according to histological subtypes of  RCC
 

Features

 

 

 

Histological subtypes of RCC

ccRCC N
(%)

pRCC N (%) chRCC N
(%)

Type I Type II

Number of patients (N) 195 20 20 34

Follow-up period (month) 117 80 77 77

Mean duration of follow-up time (month) (SD) 53 (30.2) 54 (19.9) 46 (21.3) 48 (15.3)

Median duration of follow-up time (month) (Q1, Q3) 51 (31, 74) 53 (41,
76)

41 (28,
66)

47 (36, 61)

Cancer-related death (N %) 34 (17.4) 1 (5.0) 3 (15.0) 2 (5.9)

Distant metastasis during follow-up (N %) 48 (24.6) 1 (5.0) 5 (25.0) 3 (8.8)

Tumor recurrence during follow-up (N %) 37 (19.0) 1 (5.0) 2 (10.0) 3 (8.8)

Alive patients without distant metastasis and tumor recurrence
(N %)

140 (71.8) 19 (95.0) 15 (75.0) 30 (88.2)

RCC; renal cell carcinoma

ccRCC; clear cell renal cell carcinoma, pRCC; papillary renal cell carcinoma, chRCC; chromophobe renal cell carcinoma
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Table 9.

Univariate and multivariate cox regression analyses of potential prognostic factors for disease-specific survival (DSS) in
patients with clear cell RCC (ccRCC)

 

Covariate

Univariate analysis Multivariate analysis

(Membranous)

Multivariate analysis

(Cytoplasmic)

HR (95% CI) P-
value

HR (95% CI) P-
value

HR (95% CI) P-
value

Membranous Talin-1
expression

High versus low

 

2.024 (1.007-
4.067)

 

0.048

 

1.434 (0.667-
3.084)

 

0.356

 

-

 

-

Cytoplasmic Talin-1
expression

High versus low

 

2.188 (1.089-
4.398)

 

0.028

 

-

 

-

 

1.601 (0.756-
3.394)

 

0.219

Nuclear Talin-1 expression

High versus low

 

0.615 (0.310-
1.222) 

 

0.165

 

-

 

-

 

-

 

-

Tumor size (cm)

4.1- 7 versus <4

7.1-10 versus <4

10.1 versus <4

 

1.656 (0.439-
6.241)

3.694 (1.042-
13.095)

5.632 (1.588-
19.974)

0.009

0.457

0.043

0.007

 

1.203 (0.309-
4.683)

2.225 (0.549-
9.018)

2.688 (0.634-
11.400)

0.354

0.790

0.263

0.180

 

1.216 (0.313-
4.726)

2.254 (0.554-
9.165)

2.684 (0.632-
11.392)

0.359

0.778

0.256

0.181

Nucleolar grade

III + IV versus I + II

 

4.144 (2.059-
8.339)

 

<0.001

 

2.563 (1.119-
5.869)

 

0.026

 

2.483 (1.095-
5.633)

 

0.029

Primary tumor (PT) stage

pT3 + pT4 versus pT1 +
pT2

 

2.266 (1.085-
4.732)

 

0.029

 

1.223 (0.533-
2.805)

 

0.635

 

1.237 (0.538-
2.842)

 

0.617

Microvascular invasion
(MVI)

0.292 (0.148-
0.575)

<0.001 - - - -

Renal vein invasion 0.349 (0.159-
0.770)

0.009 - - - -

Histological tumor necrosis
(TN)

0.397 (0.203-
0.773)

0.007 - - - -

Renal pelvis invasion 0.0422 (0.191-
0.932)

0.033 - - - -

Perirenal fat invasion 0.265 (0.137-
0.515)

<0.001

 

- - - -

Gerota’s fascia invasion 0.341 (0.153-
0.758)

0.008 - - - -

Distant metastasis 0.012 (0.003-
0.052)

<0.001 - - - -

Tumor recurrence 0.060 (0.029- <0.001 - - - -
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0.127)

HR; hazard ratio, CI; confidence interval
The variables with P value less than 0.05 and HR more than 1.0 were included in multivariable analyses

Values in bold are statistically significant

 

Table 10.

Univariate and multivariate cox regression analyses of potential prognostic factors for progression-free
survival (PFS) in patients with clear cell RCC (ccRCC)

 

Covariate

Univariate analysis Multivariate analysis

(Cytoplasmic)

HR (95% CI) P-value HR (95% CI) P-value

Membranous Talin-1 expression

High versus low

 

1.748 (0.922- 3.316)

 

0.087

 

-

 

-

Cytoplasmic Talin-1 expression

High versus low

 

1.889 (1.000- 3.584)

 

0.050

 

1.430 (0.715- 2.863)

 

0.312

Nuclear Talin-1 expression

High versus low

 

0.675 (0.359- 1.272)

 

0.225

 

-

 

-

Tumor size (cm)

4.1- 7 versus <4

7.1-10 versus <4

10.1 versus <4

 

1.892 (0.512- 6.990)

4.327 (1.243- 15.063)

6.315 (1.814- 21.987)

0.004

0.339

0.021

0.004

 

1.543 (0.408- 5.840)

3.152 (0.818- 12.141)

3.702 (0.921- 14.878)

0.142

0.523

0.095

0.065

Nucleolar grade

III + IV versus I + II

 

3.666 (1.929- 6.968)

 

<0.001

 

2.243 (1.061- 4.739)

 

0.034

Primary tumor (PT) stage

pT3 + pT4 versus pT1 + pT2

 

1.986 (1.008- 3.913)

 

0.047

 

1.044 (0.492- 2.217)

 

0.910

Microvascular invasion (MVI) 0.310 (0.163- 0.588) <0.001 - -

Renal vein invasion 0.350 (0.166- 0.737) 0.006 - -

Histological tumor necrosis (TN) 0.445 (0.239- 0.827) 0.010 - -

Perirenal fat invasion 0.239 (0.128- 0.444) <0.001 - -

Gerota’s fascia invasion 0.396 (0.181- 0.864) 0.020 - -

Distant metastasis 0.032 (0.014- 0.074) <0.001 - -

Tumor recurrence 0.080 (0.041- 0.155) <0.001 - -

HR; hazard ratio, CI; confidence interval

The variables with P value less than 0.05 and HR more than 1.0 were included in multivariable analyses

Values in bold are statistically significant
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Table 11.

The association between cytoplasmic Talin-1/B7H3 phenotypes and clinicopathological parameters of clear cell renal cell
carcinoma (ccRCC)

 

 

Patient and tumor characteristics

 

Total
samples

N (%)

Talin-1/B7H3 phenotypes P-
value

Talin-1
High/

B7H3 High

Talin-1
High/

B7H3 Low

Talin-1
Low/

B7H3 High

Talin-1
Low/

B7H3 Low

 

ccRCC 138 (100.0) 41 (29.7) 21 (15.2) 26 (18.8) 50 (36.2)

Mean age, years (Range)

≤ Mean age

> Mean age

57 (25-82)

65 (47.1)

73 (52.9)

 

18 (43.9)

23 (56.1)

 

10 (47.6)

11 (52.4)

 

16 (61.5)

10 (38.5)

 

21 (42.0)

29 (58.0)

 

0.412

 

Gender

Male

Female

 

91 (65.9)

47 (34.1)

 

27 (65.9)

14 (34.1)

 

11 (52.4)

10 (47.6)

 

18 (69.2)

8 (30.8)

 

35 (70.0)

15 (30.0)

 

0.530

Tumor size (cm)

<4

4.1-7

7.1-10

>10.1

 

29 (21.0)

49 (35.5)

32 (23.2)

28 (20.3)

 

7 (17.1)

13 (31.7)

10 (24.4)

11 (26.8)

 

5 (23.8)

10 (47.6)

5 (23.8)

1 (4.8)

 

6 (23.1)

6 (23.1)

7 (26.9)

7 (26.9)

 

11 (22.0)

20 (40.0)

10 (20.0)

9 (18.0)

 

 

0.599

 

Nucleolar grade

I + II

III + IV

 

86 (62.3)

52 (37.7)

 

18 (43.9)

23 (56.1)

 

13 (61.9)

8 (38.1)

 

14 (53.8)

12 (46.2)

 

41 (82.0)

9 (18.0)

 

0.002

 

Primary tumor (PT) stage

pT1 + pT2

pT3 + pT4

 

54 (39.1)

84 (60.9)

 

14 (34.1)

27 (65.9)

 

11 (52.4)

10 (47.6)

 

12 (46.2)

14 (53.8)

 

17 (34.0)

33 (66.0)

 

0.381

Microvascular invasion (MVI)

Present

Absent

 

29 (21.0)

109 (79.0)

 

16 (39.0)

25 (61.0)

 

2 (9.5)

19 (90.5)

 

7 (26.9)

19 (73.1)

 

4 (8.0)

46 (92.0)

 

0.002

Lymph node invasion (LNI)

Involved

None

Not identified

 

7 (5.1)

108 (78..3)

23 (16.7)

 

5 (12.2)

28 (68.3)

8 (19.5)

 

1 (4.8)

18 (85.7)

2 (9.5)

 

0 (0.0)

20 (76.9)

6 (23.1)

 

1 (2.0)

42 (84.0)

7 (14.0)

 

 

0.177

 

Renal vein invasion

Present

Absent

 

13 (9.4)

125 (90.6)

 

3 (7.3)

38 (92.7)

 

0 (0.0)

21 (100.0)

 

5 (19.2)

21 (80.8)

 

5 (10.0)

45 (90.0)

 

0.148

Histological tumor necrosis (TN) 
Present
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Absent

Not identified

48 (34.8)

89 (64.5)

1 (0.7)

22 (53.7)

18 (43.9)

1 (2.4)

3 (14.3)

18 (85.7)

0 (0.0)

9 (34.6)

17 (65.4)

0 (0.0)

14 (28.0)

36 (72.0)

0 (0.0)

 

 0.026

Renal sinus fat invasion

Present

Absent

 

77 (55.8)

61 (44.2)

 

27 (65.9)

14 (34.1)

 

11 (52.4)

10 (47.6)

 

13 (50.0)

13 (50.0)

 

26 (52.0)

24 (48.0)

 

0.489

Renal pelvis invasion

Present

Absent

 

10 (7.2)

128 (92.8)

 

4 (9.8)

37 (90.2)

 

1 (4.8)

20 (95.2)

 

1 (3.8)

25 (96.2)

 

4 (8.0)

46 (92.0)

 

0.785

 

Perirenal fat invasion

Present

Absent

 

28 (20.3)

110 (79.7)

 

10 (24.4)

31 (75.6)

 

1 (4.8)

20 (95.2)

 

7 (26.9)

19 (73.1)

 

10 (20.0)

40 (80.0)

 

0.234

Gerota’s fascia invasion

Present

Absent

 

10 (7.2)

128 (92.8)

 

5 (12.2)

36 (87.8)

 

1 (4.8)

20 (95.2)

 

4 (15.4)

22 (84.6)

 

0 (0.0)

50 (100.0)

 

0.043

Distant metastasis

Present

Absent

 

36 (26.1)

102 (73.9)

 

14 (34.1)

27 (65.9)

 

2 (9.5)

19 (90.5)

 

11 (42.3)

15 (57.7)

 

9 (18.0)

41 (82.0)

 

0.022

Tumor recurrence

Yes

No

 

29 (21.0)

109 (79.0)

 

10 (24.4)

31 (75.6)

 

4 (19.0)

17 (81.0)

 

7 (26.9)

19 (73.1)

 

8 (16.0)

42 (84.0)

 

0.652

P value; Pearson's chi-square

Values in bold are statistically significant

Figures
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Figure 1

Venn diagram represents the overlaps of differential protein expressions between three subtypes of renal cell carcinoma
(RCC). One hundred and ten common differential protein expressions obtained based on proteomics data from previous
articles, including PMID: 30838877, PMID: 31484429, and PMID: 32694149 for clear cell RCC (ccRCC), papillary RCC (pRCC),
and chromophobe RCC (chRCC), respectively.
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Figure 2

Protein-protein interaction network (PPI) of 110 common differential protein expressions in three subtypes of renal cell
carcinoma (RCC). PPI network was obtained by stringApp in Cytoscape. Bold nodes reflect the hub genes in-network with the
highest degree of connectivity (highest confidence > 0.9).
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Figure 3

Pathway analysis and crosslink figure of pathways using ClueGO for hub genes related to cancer. Pathway analysis indicated
that several genes such as TLN1 (Talin-1) were interconnected to focal adhesion (KA) and extracellular matrix (ECM)
pathways. The genes collected together in close pathways.

Figure 4

Box plot results of clinical proteomic tumor analysis consortium (CPTAC) for Talin-1 protein expression on UALCAN database.
The results showed an increased expression of Talin-1 protein in ccRCCs compared to normal tissue samples with a
statistically significant association (P= 0.002). Z-value represents standard deviations from the median across samples for
the given cancer type.
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Figure 5

Immunohistochemical analysis of Talin-1 protein expression in three subtypes of renal cell carcinoma (RCC) tissues. Talin-1
protein expression in clear cell renal cell carcinoma (ccRCC): low membranous and cytoplasmic expression (A, A-1), high
membranous and cytoplasmic expression (B, B-1), low nuclear expression (C, C-1), and high nuclear expression (D, D-1). Talin-
1 protein expression in papillary RCC (pRCC): low expression (E, E-1) and high expression (F, F-1). In chromophobe RCC
(chRCC): low expression (G, G-1) and high expression (H, H-1). IHC staining of adjacent normal tissue (I), and human normal
kidney as (J) positive and (K) negative controls. Isotype controls in immunohistochemistry staining in ccRCC (L), pRCC (M),
and chRCC (N). Figures are shown with lowercase letters have a magnification of 100 × and those with uppercase letters
have a magnification of 200×.
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Figure 6

The median membranous, cytoplasmic, and nuclear expression levels of Talin-1 protein in various subtypes of renal cell
carcinoma (RCC) including clear cell, papillary (type I and II), and chromophobe RCC using Mann–Whitney U test. (A) The
results showed there is a statistically significant difference in membranous Talin-1 protein expression between ccRCC and
pRCC (P < 0.001) and between pRCC and chRCC (P = 0.006). (B) A significant difference was found in cytoplasmic Talin-1
protein expression between ccRCC and pRCC cases (P = 0.001) and between pRCC and chRCC (P = 0.029). (C) There was no
statistically significant difference in the median expression level of nuclear Talin-1 protein between the subtypes of RCC. On
the basis of the standard definitions, each box-plot shows the median (bold line) and interquartile line (box).
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Figure 7

Box plot analysis of membranous and cytoplasmic Talin-1 protein expression levels in nuclear grade (I+ II) versus (III + IV)
and microvascular invasion (MVI) present or absent in clear cell renal cell carcinoma (ccRCC) using Mann–Whitney U test.
(A) (B) The results showed that there is the statistically significant association for a median of membranous and cytoplasmic
Talin-1 protein expression between nuclear grade I+ II and nuclear grade III + IV (P = 0.001, P < 0.001, respectively), and also
(C) (D) median expression levels of membranous and cytoplasmic Talin-1 protein and MVI present or absent (P = 0.022, P =
0.007, respectively). Based on the standard definitions, each box-plot shows the median (bold line) and interquartile lines
(box).
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Figure 8

Kaplan–Meier curves for disease-specific survival (DSS) and progression-free survival (PFS) based on membranous and
cytoplasmic Talin-1 protein expression levels in clear cell renal cell carcinoma (ccRCC). (A) In ccRCC, a higher level of
membranous Talin-1 protein expression was associated with shorter DSS compared to the tumors with low expression of this
protein (Log-rank test; P = 0.043). (B) Kaplan–Meier survival analysis showed that a high level of membranous Talin-1 protein
expression is not significantly related to PFS (Log-rank test; P = 0.081). (C) The results showed that patients with high
cytoplasmic Talin-1 protein expression have shorter DSS (Log-rank test; P = 0.024) or PFS (Log-rank test; P = 0.046) (D)
compared to patients with low cytoplasmic Talin-1 protein expression.
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Figure 9

Kaplan–Meier curves for disease-specific survival (DSS) and progression-free survival (PFS) based on nuclear Talin-1 protein
expression levels in clear cell renal cell carcinoma (ccRCC). The results showed there are no significant differences between
DSS (A) or PFS (B) and the patients with high and low nuclear expression of Talin-1 protein (Log-rank test; P = 0.160, P =
0.219, respectively).
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Figure 10

Kaplan–Meier curves for disease-specific survival (DSS) and progression-free survival (PFS) based on co-expression of Talin-
1 and B7-H3 and stratified analysis curves of DSS for patients with distant metastasis (positive and negative) in clear cell
renal cell carcinoma (ccRCC). (A) The results showed that patients with high cytoplasmic Talin-1 High/B7-H3 High protein
expression have shorter DSS (Log-rank test; P = 0.007) or PFS (Log-rank test; P = 0.021) (B) compared to patients with other
phenotypes of Talin-1 and B7-H3 protein expressions. (C) Stratified analysis indicated that the differences in DSS between
patients with cytoplasmic Talin-1 High/B7-H3 High phenotype and other phenotypes of Talin-1/B7-H3 expression are
significant (P = 0.050) in the patients with distant metastasis (positive) (D) but not in the negative cases. P values were
calculated using the log-rank test.
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