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Abstract

:

Simple Summary


Clear cell renal cell carcinoma (ccRCC) is a highly immunogenic tumor, with highly heterogeneous responses to immune checkpoint inhibition therapy. The role of immune cells infiltrating distant metastases and their impact on prognosis and response to immunotherapy are still unclear. To elucidate the prognostic value of immune cell subtypes, we analyzed the immune cell infiltrate in ccRCC primary tumors and paired distant metastases. We hypothesized that specific subtypes of immune cells may be involved in the control of metastases and may have an impact on the prognosis of ccRCC.




Abstract


Clear cell renal cell carcinoma (ccRCC) is a highly immunogenic tumor with variable responses to immune checkpoint therapy. The significance of the immune cell infiltrate in distant metastases, their association with the immune infiltrate in the primary tumors and their impact on prognosis are poorly described. We hypothesized that specific subtypes of immune cells may be involved in the control of metastases and may have an impact on the prognosis of ccRCC. We analyzed the immune microenvironment in ccRCC primary tumors with distant metastases, paired distant metastases and non-metastasized ccRCC (n = 25 each group) by immunohistochemistry. Confirmatory analyses for CD8+ and CD103+ cells were performed in a large ccRCC cohort (n = 241) using a TCGA-KIRC data set (ITGAE/CD103). High immune cell infiltration in primary ccRCC tumors was significantly correlated with the development of distant tumor metastasis (p < 0.05). A high density of CD103+ cells in ccRCC was more frequent in poorly differentiated tumors (p < 0.001). ccRCCs showed high levels of ITGAE/CD103 compared with adjacent non-neoplastic tissue. A higher density of CD103+ cells and a higher ITGAE/CD103 expression were significantly correlated with poor overall survival in ccRCC (log rank p < 0.05). Our results show a major prognostic value of the immune pattern, in particular CD103+ cell infiltration in ccRCC, and highlight the importance of the tumor immune microenvironment.







Keywords:


ccRCC; immune cell infiltrate; prognosis; CD103+ T-lymphocytes; metastases












1. Introduction


Kidney cancer is the third most common tumor of the urinary tract. The most common histological subtype of renal carcinoma is the clear cell subtype, followed by the papillary and the chromophobe subtypes [1]. About 30% of patients present with an advanced stage of the disease or with distant metastases at the time of diagnosis [2]. ccRCC is known to be an immunogenic tumor, with a high density of infiltrating immune cells. As such, immune checkpoint inhibition has been reported to be an effective therapy towards metastasized ccRCC [3]. However, the association between the composition of immune cell infiltrate and prognosis in ccRCC is still controversial. For example, in contrast to the study published by George et al. [4], a study by Choueiri et al. [5] has reported that high CD8+ T-cell infiltration and PD-L1 positivity in tumor cells is associated with shorter survival in metastatic ccRCC treated with tyrosine kinase inhibitors. A recent study investigating the association of immune cell signatures with the tumor mutational burden (TMB) in ccRCC has shown that tumors with a high TMB had poorer prognosis and a lower signature of CD4+ T-cells, CD8+ T-cells, dendritic cells and M1 and M2 macrophages compared to tumors with a lower TMB [6].



A relapse after tumor resection was associated with lower T-cell infiltration, a lower adaptive immune response and higher neutrophil infiltration [7]. An accumulation of tissue-resident memory CD103+ T-lymphocytes has been associated with a better prognosis in head and neck tumors [8] and lung cancer [9]. In the context of ccRCC, only one study has described a higher infiltration of CD103+ lymphocytes in the peritumoral stroma to be associated with improved prognosis [10]. In contrast to this observation, a recent study showed that CD103+ cancer-specific exosomes in cancer stem cells accumulate in lung metastases and promote the epithelial–mesenchymal transformation of ccRCC [11].



At present, few studies concerning the immune cell infiltrate in distant metastases of ccRCC have been published. Among those, one study has shown a correlation between immune cell infiltration in lung metastases and the infiltration pattern in the primary tumor [12]. In contrast to metastatic colorectal cancer, a high infiltration by DC-LAMP+ mature dendritic cells and CD8+ T-cells in lung metastases of ccRCC was associated with shorter survival. Conversely, a high density of NKp46+ cells in lung metastases was associated with improved survival in ccRCC [12]. Additionally, brain metastases of ccRCC show the largest numbers of CD3+, CD8+ and PD1 positive cells compared with metastases from other primary tumors, but no correlation with survival was found [13]. Moreover, tumors with a higher Fuhrman grade had greater numbers of CD8+ lymphocytes in lung metastases, and a higher frequency of CD8+ lymphocytes in metastatic lesions was subsequently correlated with poor prognosis [14].



This study aims to examine the distribution of several immune cell subtypes in primary ccRCC and their distant metastases, at different sites, in the context of clinico-pathological data, and its correlation with survival.




2. Materials and Methods


2.1. Material


Fifty patients who underwent partial or radical nephrectomy for ccRCC between 2003–2014 at the Department of Urology, University Hospital Bonn were included in this study. Formalin-fixed, paraffin-embedded (FFPE) material from metastases resections obtained from 25 patients were also included in the study. Patient data are depicted in Table 1. The study was approved by the ethics committee of the University Hospital Bonn (EK 233/20).



For confirmatory studies, tissue microarrays (TMAs) of FFPE of 241 patients who underwent partial or radical nephrectomy for renal tumors at the Department of Urology, Charité Berlin (Berlin, Germany) were included in this study (Table 1). The study was approved by the ethics committee of the University Hospital Charité Berlin (EA1/134/212).




2.2. Methods


CD103/ITGAE expression in The Cancer Genome Atlas (TCGA)—Kidney Renal Clear Cell Carcinoma (KIRC) data set was used.



RNA-Seq by Expectation Maximization (RSEM)-normalized RNA-Seq data from TCGA, as well as follow-up data, were obtained from OncoLnc public database (www.oncolnc.org), accessed on 30 August 2021, as previously described [15]. Non-neoplastic tissue was excluded. CD103/ITGAE expression was dichotomized according to the median value of CD103/ITGAE and further analyses of clinico-pathological data and survival were performed. Additionally, hematoxylin and eosin (HE) slides from the TCGA-KIRC project (https://cancer.digitalslidearchive.org/#!/CDSA/kirc, accessed on 19 January 2022) were reevaluated for histological type and grading according to the International Society of Urological Pathology (ISUP). We excluded cases with ambiguous histology and cases with incomplete clinico-pathological or survival data. The analyzed data set comprises a total of 436 patients.




2.3. Immunohistochemistry


FFPE tissue sections were cut into 3 µm sections. Sections were stained with the following antibodies: CD3 (clone 565, NCL-L-CD3-565, dilution 1:50, Leica, Wetzlar, Germany), CD4 (clone SP35, 790-4425, ready-to-use-antibody, Roche, Basel, Switzerland), CD8 (clone C8/1448, M 7103, dilution 1:50, Agilent Technologies, Santa Clara, CA, USA), CD20 (clone L26, M 0755, dilution 1:2000, Agilent Technologies), using the Autostainer 480 S (Medac Diagnostika, Wedel, Germany) after boiling the slides at 99 °C for 20 min at pH 8.0. to pH 6.0. All supplementary reagents were purchased from Medac.



CD103 staining (clone EPR4, ab 129202, dilution 1:50, Abcam, Cambridge, UK) was performed using the Benchmark Ultra Autostainer (Ventana Medical Systems, Oro Valley, AZ, USA) after heat-induced epitope retrieval (HIER). HIER was performed by boiling the slides at 99 °C, for 20 min at pH 8.0. All supplementary reagents used for CD103 staining were purchased from Ventana Medical Systems.



All tissue sections were counterstained with Mayer′s hematoxylin (Merck, Darmstadt, Germany).



Positive controls were performed for each staining.




2.4. Quantification


Positive cells were counted on histology slides in five representative high-power fields in the tumor center, tumor periphery and metastases. In particular, for CD103, only highly stained cells were considered positive when background staining was high. Only small round cells with the typical lymphocyte morphology were counted. These values were then used to calculate the mean value. In metastases, positive cells in five representative high-power fields were counted and the mean value of positive cells was calculated. An immune score comprising the number of intratumoral CD3, CD4, CD8 and CD20 positive cell infiltrates was then calculated. Cases with an immune score above the mean were defined as having a high immune infiltration, whereas cases with low immune infiltration included those with a score below the mean. On TMAs, the percentages of CD8+ and CD103+ cells within each core were quantified by QuPath 2.3, and the mean value was calculated for each case.




2.5. Flow Cytometry Analysis


Fresh tumor material from three patients with ccRCC (RCC_016, RCC_018, RCC_026) was washed with ice-cold Advanced DMEM/F-12 (Gibco™, Thermo Fisher Scientific, Waltham, MA, USA) supplemented with Normocin (InvivoGen, San Diego CA, USA). Tumors were then dissociated into single cells using the Tumor Dissociation Kit, human, in gentleMACS C Tubes, and processed on a GentleMACS™ Octo Dissociator with Heaters (all from Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer’s instructions. The resulting single-cell suspensions were washed once with Dulbecco’s Modified Eagle Medium (DMEM) (Gibco™, Thermo Fisher Scientific, Waltham MA, USA). Red blood cell (RBC) lysis was performed using Red Blood Cell Lysing Buffer Hybri-Max™ (Sigma-Aldrich, St. Louis, MI, USA) incubated at room temperature for 5 min. Cell suspensions were stained first with Human TruStain FcX (1/200 dilution) and Zombie NIR™ Fixable Viability Kit (1/400 dilution) (both from BioLegend, San Diego, CA, USA) diluted in DPBS (Gibco™, Thermo Fisher Scientific) for 10 min, at room temperature, in the dark. Staining of surface markers was then performed using the following antibodies: PerCP/Cyanine5.5 anti-human CD3 Antibody (UCHT1; 1 μg/mL), Brilliant Violet 711™ anti-human CD103 (Integrin αE) Antibody (Ber-ACT8; 1 μg/mL), APC/Cyanine7 anti-human CD4 Antibody (SK3; 0.12 μg/mL), and Spark Blue™ 550 anti-human CD8 Antibody (SK1; 2 μg/mL), diluted in DPBS. Samples were incubated for 15 min, at room temperature, in the dark. Samples were filtered through a 35 μm cell strainer prior to acquisition on a 4-laser Cytek Aurora (Cytek Biosciences, Fremont, CA, USA). All flow cytometry data were analysed on FlowJo (version 10.8.0; Becton Dickinson and company (BD), Franklin Lakes, NJ, USA) and graphs were plotted on Prism 9 (version 9.2.0; GraphPad, San Diego, CA, USA).




2.6. Statistics


Comparisons between variable clinical pathological groups were made using the Mann–Whitney test and the Kruskal–Wallis test.



For the FACS data, statistical significance was determined using a one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test.



Correlation analyses between variable groups were determined by Spearman’s rank correlation coefficient (for non-parametric data) and Pearson’s correlation coefficient (for parametric data). Survival analysis was performed using the log-rank test of Kaplan–Meier survival curves.



For the survival analysis, the best cut-off value was first determined as described by Budczies et al. [16] (Cut-off, Berlin cohort: CD103 1.267%, CD8 8.955%).



p-values under 0.05 were considered significant and p-values between 0.05–0.1 were considered to indicate a statistical trend. Statistical analyses were performed using IBM SPSS 25.0 unless specified otherwise.





3. Results


3.1. The Association of Clinico-Pathological Data with the Immune Cell Infiltrate


To investigate the relationship between immune cell infiltration and clinico-pathological characteristics, immunohistochemistry staining was performed on ccRCC sections and the number of intratumoral and peritumoral CD3+, CD4+, CD8+, CD20+ and CD103+ lymphocytes was quantified (Figure 1). The mean value of immune cells was then correlated with the clinico-pathological data. Tumors with distant metastases had more intratumoral CD3+ lymphocytes than tumors without distant metastases (p = 0.032 Table 2). In the context of grading, better differentiated tumors (Grades 1 and 2) had significantly more peritumoral CD3+ lymphocytes than poorly differentiated tumors (Grades 3 and 4) (p = 0.011, Table 3).



No significant differences in the number of CD3+, CD4+, CD8+, and CD103+ lymphocytes were observed between the center and the periphery of ccRCC tumors or between organ-confined (pT1/2) and non-organ-confined (pT3/4) tumors.



No significant differences in the immune scores, calculated from the numbers of CD3, CD4, CD8 and CD20 cells, were found between organ-confined (pT1/2) and non-organ-confined (pT3/4) tumors, nor between well-differentiated (G1/G2) and poorly differentiated (G3/G4) tumors.




3.2. Comparison of Immune Cell Infiltration in Primary Tumors and Paired Distant Metastases


Given that the amount of immune cell infiltrate differed in cases with and without distant metastases, we assessed the differences in immune cell infiltration between primary tumors and paired distant metastases. We found a significant accumulation of CD103+ cells in tumor metastases compared to their corresponding primary tumor (p = 0.032, Figure 2, Table 4), whereas the numbers of the other immune cells were significantly lower in tumor metastases compared to their primary tumor (Table 4).



Immune cell infiltration in distant metastases was composed of more CD3+, CD4+, CD8+, CD20+ and CD103+ lymphocytes in cases where the primary tumor was organ-confined compared with advanced, non-organ-confined tumors (Table 5), but only CD20+ lymphocyte infiltration showed statistical significance (p = 0.039).




3.3. Lung Metastases Have a Higher Immune Cell Infiltration than Other Localizations


Our cohort comprises metastases across a number of sites including six lung metastases, four lymph node metastases, seven bone metastases and eight metastases from other sites (e.g., liver). Analyses of immune cell infiltration with respect to the localization of metastases revealed that lung metastases had a significantly higher infiltration of CD3+, CD4+ and CD103+ cells compared with other sites (p = 0.025, p = 0.006, p = 0.023, respectively, Table 6, Figure 3).




3.4. The Number of CD103+ Lymphocytes Correlates with the Infiltration of CD4+ and CD8+ T-Lymphocytes


Correlation analyses indicated a highly significant positive correlation between the densities of intratumoral CD8+ and CD103+ T-lymphocytes (r = 0.380; p = 0.013). Similarly, the densities of intratumoral CD4+ and CD103+ T-lymphocytes were also positively correlated (r = 0479; p = 0.002).



Flow cytometry analysis showed that CD4- CD8+ cells comprised the largest proportion of CD103+ CD3+ T-lymphocytes. In comparison, CD4+ CD8- cells and CD4+ CD8+ cells made up a significantly smaller portion of CD103+ CD3+ T-lymphocytes (Figure 4).




3.5. High Infiltration of CD103+ and CD8+ T-Lymphocytes Correlates with Poor Prognostic Parameters and Shorter Survival in ccRCC


Of the further 241 cases in the validation cohort (Table 7), CD103+ and CD8+ T-lymphocyte counts were available for 197 ccRCC cases. Poorly differentiated ccRCC (ISUP Grading 3 and 4) and cases with distant metastases showed significantly more intratumoral CD103+ lymphocytes than well-differentiated cases or ccRCC without distant metastases (p < 0.001 and p = 0.015, respectively). No differences in the numbers of CD103+ T-lymphocytes were observed when comparisons of tumor stages were made. Additionally, no significant differences in the numbers of CD8+ T-lymphocytes were found in relation to clinico-pathological parameters (Table 7).



A prognostic potential for CD103+ lymphocyte infiltration was indicated by Kaplan–Meier estimates. Specifically, a high density of CD103+ lymphocytes correlated with shorter overall survival (log-rank p = 0.014, Figure 5a). In a similar manner, a high density of CD103+ and CD8+ lymphocytes was predictive of poorer survival outcome (log-rank p = 0.013, Figure 5b). In contrast, the frequency of CD8+ T-lymphocytes alone was not a prognostic marker in ccRCC (Figure 5c). Furthermore, multivariate cox regression analysis using the percentage of CD103+ or CD8+ lymphocytes, T stage, grading and metastasis identified the density of CD103+ cells as an adverse prognostic marker (p = 0.009, Table 8).




3.6. mRNA Expression of ITGAE (CD103) Is Increased in ccRCC and Correlates with Poor Prognosis


Analysis of tumoral ITGAE (CD103) expression in a data set from TCGA indicated high expression (>median value) in 221 patients and low expression (<median value) in 215 patients. Further analyses showed that ITGAE (CD103) expression was significantly higher in non-organ-confined tumors compared to organ-confined tumors (pT3/4 versus pT1/2, p < 0.001), in poorly differentiated tumors compared with well-differentiated tumors (ISUP Grade 3/4 versus ISUP Grade 1/2, p < 0.001) and in distant metastases compared with cases without distant metastases (M1 versus M0, p < 0.001, Table 9). Additionally, ccRCC patients with high intratumoral ITGAE (CD103) expression were found to have significantly shorter overall survival than patients with low ITGAE (CD103) expression within the tumor (Figure 5d). Specifically, the median overall survival of patients with low intratumoral expression of ITGAE (CD103) was 1286 days, whilst the median overall survival of patients with high ITGAE (CD103) expression was 1011 days.





4. Discussion


Immune evasion, which permits tumor cells to escape immunological destruction, is a hallmark of cancer [17]. Many studies have observed that immune infiltrate in tumors can actively promote tumor growth and invasiveness [18,19]. The mechanisms of tumor progression by immune cells are complex and comprise a network of cytokine, chemokine and growth factors, as well as the production of reactive oxygen species and activation of signaling pathways [19].



Many studies focus on deciphering the role of immune cells in primary tumors; however, little is known about the role of immune cells in the distant metastases. Distant metastases, the primary targets of immune checkpoint blockades, often exhibit variable responses to immune therapy. Such variable responses could be due to differences in the immune contexture.



In this study, the comprehensive analysis of immune cell infiltration in ccRCC revealed that the densities of intratumoral and peritumoral lymphocytes vary with each case. We observed a high number of T-lymphocytes, identified by CD3 staining, in line with the data published by Chevrier et al. [20]. We subsequently analyzed the relationship between immune cell infiltration and the clinico-pathological characteristics of ccRCC. Whilst we found no association between immune cell infiltration and tumor stage, but tumor grading was observed to be inversely associated with T-lymphocytes (CD3+). Along these lines, a previous report by Davidsson et al., described an association between increased tumoral infiltration of CD4+ FoxP3+ lymphocytes with higher tumor grading, although no association with tumor stage was found [21]. The contradictory observations regarding tumor grading and the amount of CD3+ lymphocyte infiltration could be due to the small number (n = 50) of patients included in our study but also to the fact that the CD4+ FoxP3+ lymphocytes are only a subgroup of lymphocytes. Furthermore, a comparison of the immune cell infiltrate in tumors with and without metastases indicated that tumors with distant metastases had significantly more intratumoral CD3+ lymphocytes in the primary tumor than non-metastasized tumors, supporting a previous finding by Giraldo et al. [22] that the accumulation of T-lymphocytes in ccRCC is correlated with poor prognosis. In contrast to the CD3+ lymphocytes, CD4+ and CD8+ lymphocytes showed a tendency to be more frequent in M0 compared to M1. CD3 is a pan-marker for T-lymphocytes and is positive in all subtypes. This could also indicate that CD3+ cells contain other cell populations, such as γδ T-cells, which have shown promising results in cancer therapy [23].



The majority of studies investigating tumor-infiltrating lymphocytes (TIL) in cancer focus on T-lymphocyte subsets whose prognostic significance is broadly accepted. However, little is known about the role of B-lymphocytes in cancer progression or therapy response. A comprehensive meta-analysis of 69 published papers across several cancer subtypes revealed conflicting evidence statements pertaining to the prognostic value of B-lymphocytes [24]. In our study, the number of intratumoral B-lymphocytes in primary ccRCC, identified as CD20+ cells, did not show an association with tumor stage, grading or metastases. In distant metastasis, a high infiltration density was associated with organ-confined primary tumor stage. Published data on CD20+ cell tumor infiltration show different effects: Stenzl et al. [25] observed that high numbers of intratumoral CD20+ lymphocytes were an independent prognostic factor for longer disease-free and overall survival. In contrast, a study published by Sjöberg et al. [26] demonstrated that high intratumoral infiltration by CD20+ lymphocytes correlated with a shorter overall survival in patients with ccRCC. Given the scarcity of published data pertaining to the role of B-lymphocytes, further studies aiming to investigate the dynamics and role of B-lymphocytes in the context of cancer progression and response to immune checkpoint inhibitors will be invaluable.



The importance of the immune landscape in distant metastases and its influence on therapy response and survival has been reported for several tumor types [27,28,29]. Notably, the prognostic significance of tumor-infiltrating T-lymphocytes in primary and metastatic lesions of advanced stage ovarian cancer has been shown [29].



There are few investigations into CD103+ lymphocytes in ccRCC. However, CD103+ lymphocytes infiltrating distant metastases in ccRCC have not been characterized yet. Comparing the composition of the immune infiltrate in primary tumors and paired distant metastases, we found a significant accumulation of CD103+ lymphocytes in lung metastases but not in other metastatic sites. A comparison of the immune cell infiltrates of lung metastases with those in other metastatic sites, such as bone or adrenal glands, revealed a significantly higher numbers of CD3+, CD4+ and CD103+ cells. This suggests that the lung is a metastatic site in ccRCC with high frequencies of immune cell–tumor cell interactions. Regarding lung metastases, different results were described for colorectal carcinoma and hepatocellular carcinoma, in which CD3+ and CD8+ cells did not accumulate in lung metastases compared to primary tumors [30,31].



In two independent ccRCC cohorts, we observed an accumulation of CD103+ lymphocytes. An accumulation of CD103+ CD8+ positive lymphocytes in ccRCC has also been previously described by Dornieden et al. [32]. In addition to this population, the authors also described subpopulations of CD4+ CD103+ positive cells, as well as natural killer (NK) and mucosal-associated invariant T (MAIT)-cells with CD69 and CD103 co-expression, in renal tumors. In line with this, we sought to quantify the composition of CD3+ CD103+ cells in ccRCC by flow cytometry. Our analyses show that intratumoral CD3+ CD103+ cells were dominated by CD8-expressing lymphocytes and that CD4+ or CD4+ CD8+ lymphocytes made up a significantly smaller proportion of CD103+ T-lymphocytes. In contrast to these results showing that CD103+ cells are dominantly composed of CD8+ T-cells concerning grading, these cells show a different tendency: whereas CD103+ cells significantly accumulate in less differentiated tumors, CD8+ cells show a tendency to be more frequent in better differentiated tumors. This could result from the fact that CD103+ cells are only a subgroup of CD8+ cells.



In recent years, CD103 (integrin αE) has been described as a surface marker of tissue-resident memory cells. Whilst the role of tissue-resident memory cells is poorly understood, the accumulation of CD103+ lymphocytes has been associated with good prognosis in several cancer subtypes, including urothelial carcinoma and ovarian cancer [33,34]. In lung cancer, the accumulation of CD103+ lymphocytes was reportedly associated with survival benefit through improved T-cell receptor (TCR) antigen sensitivity, leading to rapid T-cell-mediated recognition and higher cytotoxicity against tumor cells [35].



In our study, survival analysis indicated that high numbers of tumor-infiltrating CD103+ cells were correlated with poor survival. Additionally, high ITGAE (CD103) expression in ccRCC patients correlated with significantly shorter overall survival compared to cases with low ITGAE (CD103) expression. Furthermore, multivariate analysis showed that the density of CD103+ cells in tumors was an independent, adverse prognostic factor for ccRCC patients. The findings in our study are contrary to the results reported by Zhou et al., showing that CD103+ lymphocytes in the peritumoral stroma in ccRCC were associated with improved prognosis [10]. These contradictory findings could be explained by differences in the cell types analyzed, the localization of the analyzed cells and differences in the antibodies used. Our results are further supported by analyses of mRNA expression from TCGA data and validated in two independent cohorts.



The association between CD103+ lymphocyte accumulation and poor prognosis described in our study could be related to an immunosuppressive and tolerogenic phenotype of CD103+ cells in ccRCC. Previously, a heterogeneous effect of CD8+ CD103+ tissue-resident memory-like cells was described in tuberculous pleural effusion, where they orchestrate immunosuppressive as well as immune-activating roles [36]. Given that the upregulation of CD103 on T-lymphocytes has been reported to be dependent on the stimulation of the TCR and on signaling through the TGF-β receptor [37,38], an impaired stimulation could suppress the antitumoral activity of CD103-expressing T-lymphocytes. In humans, TGF-β is produced by regulatory T-cells or by dendritic cells, both of which are often dysfunctional in ccRCC [39,40]. In primary lung cancer, tumor cells regulate CD8+ T-cell recruitment and induction of CD103 expression via expression of integrin αv [41]. Further studies deciphering the mechanisms involved in CD103+ cell accumulation in ccRCC and lung metastases are necessary to reveal potential tumor progression and therapy resistance mechanisms.




5. Conclusions


Altogether, the results presented in this study indicate that CD103+ lymphocytes accumulate in lung metastases, demonstrate that a high CD103+ cell density in ccRCC is an adverse prognostic marker of survival and highlight the complex role of the tumor immune microenvironment. Considering the increased clinical application of immune checkpoint inhibitor therapies, our findings further highlight the need for studies that aim to elucidate the immune landscape of metastatic sites and its role in the development of therapy resistance.
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Figure 1. Representative pictures of IHC staining in primary ccRCC. Examples for low and high densities of CD3, CD4, CD8, CD20 and CD103 positive cells in primary ccRCC (×200 magnification). 
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Figure 2. The main density of lymphocytes in ccRCC infiltrating the central and peripher tumor, and metastases (CD103 p = 0.032, Kruskal–Wallis-test). 
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Figure 3. Representative pictures of IHC staining in primary ccRCC in metastatic lesions. Examples CD3, CD4, CD8, CD20 and CD103 infiltration in adrenal gland metastasis and lung metastasis (×100 magnification). 
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Figure 4. FACS analysis from fresh tumor material of three patients with ccRCC. The proportions of CD4+- and CD8+-expressing cells amongst CD103+ T-lymphocytes. (a) Flow cytometry plots show the frequency of CD103 expression on live, T-cells (gated on Zombie NIR- CD3+) and the subsequent distribution of CD4+ and CD8+ expressing cells amongst these CD103+ T-lymphocytes. The proportions of CD4+, CD4+ CD8+ and CD8+ cells as a frequency of CD3+ CD103+ cells are graphed in (b). N = 3 biological replicates. Error bars represent means ± standard deviation (SD) with each point representing one biological replicate. Statistical significance was determined using a one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test (** p-value < 0.01). 






Figure 4. FACS analysis from fresh tumor material of three patients with ccRCC. The proportions of CD4+- and CD8+-expressing cells amongst CD103+ T-lymphocytes. (a) Flow cytometry plots show the frequency of CD103 expression on live, T-cells (gated on Zombie NIR- CD3+) and the subsequent distribution of CD4+ and CD8+ expressing cells amongst these CD103+ T-lymphocytes. The proportions of CD4+, CD4+ CD8+ and CD8+ cells as a frequency of CD3+ CD103+ cells are graphed in (b). N = 3 biological replicates. Error bars represent means ± standard deviation (SD) with each point representing one biological replicate. Statistical significance was determined using a one-way analysis of variance (ANOVA) with Tukey’s multiple comparisons test (** p-value < 0.01).



[image: Cancers 14 01541 g004]







[image: Cancers 14 01541 g005 550] 





Figure 5. Overall survival is associated with CD103+ lymphocyte density. (a–d) Kaplan–Meier curves showing the overall survival of ccRCC patients with respect to cell densities of CD8+, CD103+ and CD103+ CD8+ cells, respectively (a–c: Berlin cohort, d: TCGA KIRC cohort). 
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Table 1. Patient characteristics of both cohorts (Bonn and Berlin) and TCGA.
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	Berlin
	Bonn
	TCGA KIRC





	Sex
	
	
	



	Male
	158 (65.6%)
	30 (60%)
	18 (46.2%)



	Female
	83 (34.4)
	20 (40%)
	21 (53.8%)



	Missing
	0
	0
	397



	Age
	
	
	



	Mean
	60.65
	64.78
	60.90



	Range
	30–86
	39–79
	26–90



	pT stage
	
	
	



	pT1
	134 (55.5%)
	12 (24%)
	227 (52.1%)



	pT2
	22 (9.1%)
	8 (16%)
	52 (11.9%)



	pT3
	82 (34.0%)
	30 (60%)
	150 (34.4%)



	pT4
	3 (1.2%)
	0 (0%)
	7 (1.5%)



	pN stage
	
	
	



	pN0/cN0
	223 (92.5%)
	45 (90%)
	Data missing



	pN1
	18 (7.5%)
	5 (10%)
	Data missing



	Distal metastasis
	31 (12.9%)
	25 (50%)
	73 (16.7%)



	Grading
	
	
	



	G1
	38 (16.4%)
	1 (2%)
	86 (19.7%)



	G2
	122 (52.6%)
	32 (64%)
	209 (47.9%)



	G3
	54 (23.3%)
	13 (26%)
	102 (23.4%)



	G4
	18 (7.8%)
	4 (8%)
	39 (8.9%)



	Missing
	9
	0
	0



	Total
	n = 241
	n = 50
	n = 436
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Table 2. Correlation of intratumoral immune cell infiltrate with clinico-pathological parameters (Mann–Whitney U test, Bonn cohort, 50 patients).
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Immune Cell Type Intratumoral

	
M0

	
M1

	
pT1/2

	
pT3/4

	
G1/G2

	
G3/G4






	
CD3

	
Mean

	
92.22

	
118.10

	
107.45

	
104.98

	
110.72

	
98.28




	
p-value

	
0.032

	
0.408

	
0.399




	
CD4

	
Mean

	
46.82

	
62.79

	
51.27

	
57.92

	
56.95

	
51.84




	
p-value

	
0.124

	
0.867

	
0.588




	
CD8

	
Mean

	
44.73

	
55.83

	
47.43

	
53.39

	
51.54

	
49.03




	
p-value

	
0.286

	
0.827

	
0.868




	
CD20

	
Mean

	
2.60

	
2.80

	
3.84

	
1.99

	
2.52

	
3.14




	
p-value

	
0.219

	
0.547

	
0.937




	
CD103

	
Mean

	
16.20

	
15.70

	
16.18

	
16.36

	
17.80

	
13.36




	
p-value

	
0.062

	
0.699

	
0.90
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Table 3. Comparison of peritumoral immune cell infiltrate and clinico-pathological data (Mann–Whitney U test, Bonn cohort, n = 50 patients).
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Immune Cell Type Peritumoral

	
M0

	
M1

	
pT1/2

	
pT3/4

	
G1/G2

	
G3/G4






	
CD3

	
Mean

	
92.51

	
117.73

	
107.42

	
104.90

	
110.66

	
98.22




	
p-value

	
0.125

	
0.110

	
0.011




	
CD4

	
Mean

	
48.00

	
61.90

	
51.28

	
57.91

	
56.94

	
51.86




	
p-value

	
0.225

	
0.124

	
0.100




	
CD8

	
Mean

	
55.00

	
60.90

	
47.43

	
55.43

	
53.78

	
49.03




	
p-value

	
0.851

	
0.738

	
0.094




	
CD20

	
Mean

	
26.00

	
28.20

	
23.71

	
30.04

	
30.16

	
22.36




	
p-value

	
0.318

	
0.148

	
0.892




	
CD103

	
Mean

	
23.70

	
24.90

	
22.63

	
25.72

	
29.33

	
15.51




	
p-value

	
0.565

	
0.442

	
0.335
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Table 4. Comparison of the immune cell infiltration between primary tumors and paired metastases (Kruskal–Wallis test, Bonn cohort, n = 25 patients).






Table 4. Comparison of the immune cell infiltration between primary tumors and paired metastases (Kruskal–Wallis test, Bonn cohort, n = 25 patients).





	Immune Cell Type
	Intratumoral Mean Value
	Peritumoral Mean Value
	Metastases Mean Value
	p-Value





	CD3
	104.62
	67.36
	56.20
	<0.001



	CD4
	53.94
	31.94
	23.13
	<0.001



	CD8
	52.93
	39.78
	6.87
	0.005



	CD20
	23.65
	2.90
	3.32
	<0.001



	CD103
	2.84
	2.70
	9.50
	0.032
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Table 5. Comparison of immune cells infiltrating metastases of ccRCC in relation to clinico-pathological data (Mann–Whitney U test, Bonn cohort, n = 25 patients).
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Immune Cell Type

	
pT1/2

	
pT3/4

	
G1/G2

	
G3/G4






	
CD3

	
Mean

	
82.00

	
38.86

	
65.50

	
34.57




	
p-value

	
0.157

	
0.631




	
CD4

	
Mean

	
29.55

	
17.86

	
23.133

	
26.23




	
p-value

	
0.481

	
0.962




	
CD8

	
Mean

	
39.88

	
11.23

	
34.05

	
38.17




	
p-value

	
0.778

	
0.720




	
CD20

	
Mean

	
5.15

	
4.4

	
3.67

	
2.16




	
p-value

	
0.039

	
0.123




	
CD103

	
Mean

	
52.90

	
20.58

	
43.15

	
24.23




	
p-value

	
0.206

	
0.720
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Table 6. Comparison of the immune cell infiltration in distant metastases (Mann–Whitney U test, Bonn cohort, n = 25 patients).
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	Immune Cell Type
	Lung Metastasis
	Other Metastasis
	p-Value





	CD3 (mean)
	150.93
	27.37
	0.025



	CD4 (mean)
	63.60
	16.00
	0.006



	CD8 (mean)
	49.47
	24.33
	0.412



	CD20 (mean)
	6.77
	1.00
	0.158



	CD103 (mean)
	69.80
	16.17
	0.023
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Table 7. Comparison of intratumoral immune cells in relation to clinico-pathological data (Mann–Whitney U test, Berlin cohort, n = 197 patients).
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Immune Cell Type

	
M0

	
M1

	
pT1/2

	
pT3/4

	
G1/G2

	
G3/G4






	
%CD8

	
Mean

	
6.11

	
10.27

	
6.90

	
5.60

	
6.53

	
1.07




	
p-value

	
0.050

	
0.514

	
0.094




	
%CD103

	
Mean

	
0.79

	
2.28

	
0.82

	
1.19

	
0.76

	
1.54




	
p-value

	
0.015

	
0.199

	
<0.001
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Table 8. Multivariate Cox regression analyses (Berlin cohort, n = 197 patients, p < 0.001).
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	HR (95% Confidence Interval)
	p-Value





	pT
	1.529 (1.302–1.797)
	<0.001



	Grading
	1.711 (1.109–2.639)
	0.015



	M
	2.460 (1.399–4.325)
	0.002



	%CD103
	1.146 (1.034–1.269)
	0.009



	%CD8
	0.986 (0.957–1.015)
	0.327
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Table 9. TCGA CD103 Expression (Mann–Whitney U test, TCGA KIRK cohort, n = 436 patients).
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M0

	
M1

	
pT1/2

	
pT3/4

	
G1/G2

	
G3/G4






	
CD103

	
Mean

	
167.57

	
237.35

	
162.72

	
208.63

	
155.25

	
199.58




	
p-value

	
<0.001

	
<0.001

	
<0.001
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